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AUTHENTICITY DETERMINATION METHOD

(67)  An object is to realize a stricter authentication
of abanknote while reducing the cost by making a sensor
structure simpler. An excitation light is irradiated on a
banknote having a characteristic to emit phosphores-
cence when irradiated with the excitation light, and a
transmitted light passing through the banknote and an
afterglow of the phosphorescence emitted by the ban-
knote are detected with a line sensor (120). Authentica-
tion of the banknote is determined by evaluating the sim-
ilarity between each of light-on image data (132) acquired
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Description
[Technical Field]

[0001] The present invention relates to a paper-sheet
authentication apparatus and a paper-sheet authentica-
tion method that receive a paper sheet, such as a ban-
knote, a check, a gift certificate, a cash voucher, and
determines an authentication of the paper sheet.

[Background Art]

[0002] A technique of acquiring from a paper sheet,
which contains a material having fluorescence and phos-
phorescence emission characteristic, information about
a fluorescence intensity while an excitation light is being
irradiated on the paper sheet and acquiring from the
same paper sheet information about a phosphorescence
intensity after stopping the irradiation of the excitation
light, and determining a kind and an authentication of the
paper sheet based on the acquired information is known
in the art. For example, Patent Document 1 discloses a
technique of acquiring information about the fluores-
cence intensity and information about the phosphores-
cence intensity from the paper sheet. Specifically, when
a paper sheet is being transported on a transport path,
an excitation light is irradiated on the paper sheet in an
upstream region that is upstream of the transport path,
and the irradiation of the excitation light is cut off in a
downstream region that is downstream of the upstream
region. A sensor that detects the fluorescence from the
paper sheet is arranged in the upstream region in which
the excitation light is irradiated on the paper sheet, and
a sensor that detects the phosphorescence from the pa-
per sheet is arranged in the downstream region in which
the excitation light is cut off.

[0003] In the technique disclosed in Patent Document
1, it is necessary to separately provide the sensor that
acquires the information about the fluorescence intensity
and the sensor that acquires the information about the
phosphorescence intensity, and this makes the structure
of the sensors complicated. A technique that can acquire
the information about the fluorescence intensity and the
information about the phosphorescence intensity by us-
ing one sensor is also known in the art. For example,
Patent Document 2 discloses a technique that can ac-
quire the information aboutthe fluorescence intensity and
the information about the phosphorescence intensity by
using one sensor. Specifically, a light source that emits
the excitation light is turned on/off at short cycles, and
the information about the fluorescence intensity is ac-
quired while the light source is on and the information
about the phosphorescence intensity is acquired while
the light source is off.

[0004] Moreover, forexample, Patent Document 3 dis-
closes a technique of acquiring information about inten-
sity per wavelength range of the fluorescence and the
phosphorescence. Specifically, the information about the
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fluorescence intensity and the information about the
phosphorescence intensity are acquired by using re-
spective sensors each having a filter with a different
transmitting wavelength range. It is known that the ma-
terial having the fluorescence and the phosphorescence
characteristic exhibits different emission wavelength
characteristic for the fluorescence and the phosphores-
cence depending on the kind of the material. Accordingly,
detection of the characteristics allows stricter determina-
tion of the kind and the authentication of the paper sheet.
[0005] Inthis manner, by acquiring from a paper sheet,
which contains a material having fluorescence and phos-
phorescence characteristic, the information about the flu-
orescence intensity while the excitation light is being ir-
radiated on the paper sheet and acquiring from the paper
sheet the information about the phosphorescence inten-
sity after stopping the irradiation of the excitation light,
and determining the kind and the authentication of the
paper sheet based on the acquired information, it is pos-
sible to detect a counterfeit banknote and the like that is
difficult to detect with the human eyes.

[Citation List]
[Patent Document]
[0006]

[Patent Document 1] Japanese Patent No. 5367509
[Patent Document 2] Japanese Patent No. 4048121
[Patent Document 3] Japanese Patent No. 3790931

[Summary of Invention]
[Technical Problem]

[0007] However, itis possible to find out the intensities
of the fluorescence and the phosphorescence per wave-
length of a genuine paper sheet beforehand and coun-
terfeit a paper sheet accordingly. If this is done, the coun-
terfeit paper sheet may not be detected by the method
of determining the authentication based on intensities of
the fluorescence and the phosphorescence of a ban-
knote. Moreover, if, like in Patent Document 3, charac-
teristic relating to emission wavelengths of the fluores-
cence and the phosphorescence are to be determined,
a filter that meets the fluorescence and the phosphores-
cence characteristic of the material used in the paper
sheet targeted for the authentication becomes neces-
sary. This makes the structure of the sensor complicated.
[0008] In this manner, in determining the kind and the
authentication of the paper sheet containing the material
having the fluorescence and the phosphorescence char-
acteristic, there is a need to realize a stricter authentica-
tion of a banknote with a simpler sensor structure and
reducing the cost.

[0009] The present invention is intended to solve the
problems in the conventional technologies and one ob-
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ject thereof is to provide a paper-sheet authentication
apparatus and a paper-sheet authentication method that
can realize a stricter authentication of a banknote while
reducing the cost by making a sensor structure simpler.

[Means for Solving Problems]

[0010] To solve the above problem, and to achieve the
above object, a paper-sheet authentication apparatus
according to a first aspect of the present invention, which
determines a kind and/or an authentication of a paper
sheet having a characteristic to emit phosphorescence
when irradiated with an excitation light, includes a trans-
port unit that transports the paper sheet; an excitation-
light irradiating unit that irradiates with the excitation light
a small area of the paper sheet being transported by the
transport unit; a phosphorescence-intensity acquiring
unit that acquires a phosphorescence intensity from the
small area on the paper sheet after the excitation-light
irradiating unit has irradiated the small area of the paper
sheet with the excitation light and then stopped irradiat-
ing; a phosphorescence decay-rate calculating unit that
calculates a decay rate indicating a decrease rate of the
phosphorescence intensity of the small area on the paper
sheet based on the phosphorescence intensity acquired
a plurality of times by the phosphorescence-intensity ac-
quiring unit from the small area on the paper sheet; a
phosphorescence decay-rate pattern generating unit that
generates a phosphorescence decay-rate pattern in
which the decay rate calculated by the phosphorescence
decay-rate calculating unit is associated with a position
of the small area on the paper sheet based on a transport
state of the paper sheet transported by the transport unit;
and an authentication unit that determines the authenti-
cation of the paper sheet targeted for determination by
comparing a previously generated phosphorescence de-
cay-rate pattern of a genuine paper sheet with the phos-
phorescence decay-rate pattern of the paper sheet tar-
geted for determination generated by the phosphores-
cence decay-rate pattern generating unit.

[0011] In the above paper-sheet authentication appa-
ratus, the excitation-light irradiating unit is comprised of
a plurality of the excitation-light irradiating units which
are arranged in a direction of an intersection line of a
surface parallel to a transport surface of the paper sheet
and a surface orthogonal to a transport direction of the
paper sheet, and the same number of the phosphores-
cence-intensity acquiring units as the number of the ex-
citation-light irradiating units are arranged in the same
direction as the direction in which the excitation-light ir-
radiating units are arranged.

[0012] In the above paper-sheet authentication appa-
ratus, the excitation-lightirradiating unit irradiates the pa-
per sheet with the excitation light, and the excitation-light
irradiating unit and the phosphorescence-intensity ac-
quiring unit are arranged on opposite sides of a transport
path of the paper sheet.

[0013] In the above paper-sheet authentication appa-
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ratus, the excitation-lightirradiating unit irradiates the pa-
per sheet with the excitation light, and the excitation-light
irradiating unit and the phosphorescence-intensity ac-
quiring unit are arranged on the same side with respect
to a transport surface of the paper sheet.

[0014] The above paper-sheet authentication appara-
tus further includes a phosphorescence-intensity pattern
generating unit that generates a phosphorescence inten-
sity pattern in which the phosphorescence intensity of
the paper sheet acquired by the phosphorescence-inten-
sity acquiring unit is associated with a position of the pa-
per sheet of a transport direction of the paper sheet while
transporting the paper sheet with the transport unit; and
a second authentication unit that determines the authen-
tication of the paper sheet targeted for determination by
comparing a previously generated phosphorescence in-
tensity pattern of a genuine paper sheet generated by
the phosphorescence-intensity pattern generating unit
with the phosphorescence intensity pattern of the paper
sheet targeted for determination generated by the phos-
phorescence-intensity pattern generating unit.

[0015] The above paper-sheet authentication appara-
tus further includes a paper-sheet kind determination unit
that determines the kind of the paper sheet targeted for
determination by comparing the previously generated
phosphorescence intensity pattern of the genuine paper
sheet generated by the phosphorescence-intensity pat-
tern generating unit with the phosphorescence intensity
pattern of the paper sheet targeted for determination gen-
erated by the phosphorescence-intensity pattern gener-
ating unit.

[0016] In the above paper-sheet authentication appa-
ratus, the excitation-light irradiating unit radiates the ex-
citation light having a wavelength component between
800 nm and 1000 nm, and the phosphorescence-inten-
sity acquiring unit acquires an intensity of light of a wave-
length that is longer than a visible light and / or the exci-
tation light.

[0017] In the above paper-sheet authentication appa-
ratus, a relation between a transport speed of the trans-
port unit and a scanning area of the phosphorescence-
intensity acquiring unit is such that the small area from
which the phosphorescence intensity is acquired is 50%
or more of the area irradiated by the excitation-light irra-
diating unit.

[0018] The above paper-sheet authentication appara-
tus further includes a transmitted-light intensity acquiring
unit that acquires a transmitted-light intensity of a light
passing through the small area of the paper sheet while
the excitation-light irradiating unit is irradiating the small
area of the paper sheet with the excitation light; a trans-
mission-intensity pattern generating unit that generates
atransmission intensity pattern in which the transmitted-
light intensity of the paper sheet acquired by the trans-
mitted-light intensity acquiring unit is associated with a
transport direction of the paper sheet while the transport
unit is transporting the paper sheet; and a third authen-
tication unit that determines the authentication of the pa-
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per sheet targeted for determination by comparing a pre-
viously generated transmission intensity pattern of agen-
uine paper sheet generated by the transmission-intensity
pattern generating unit with the transmission intensity
pattern of the paper sheet targeted for determination gen-
erated by the transmission-intensity pattern generating
unit.

[0019] A paper-sheet authentication method accord-
ing to a second aspect of the present invention, which is
for determining a kind and/or an authentication of a paper
sheet having a characteristic to emit phosphorescence
when irradiated with an excitation light, includes trans-
porting the received paper sheet; irradiating a small area
of the paper sheet being transported with the excitation
light at the transporting; acquiring a phosphorescence
intensity from the small area on the paper sheet after the
excitation light has irradiated the small area of the paper
sheet and then stopped irradiating; calculating a decay
rate indicating a decrease rate of the phosphorescence
intensity of the small area on the paper sheet based on
the phosphorescence intensity acquired a plurality of
times from the small area on the paper sheet at the ac-
quiring; generating a phosphorescence decay-rate pat-
tern in which the decay rate calculated at the calculating
with a position of the small area on the paper sheetbased
on atransport state of the paper sheet transported at the
transporting; and determining the authentication of the
paper sheet targeted for determination by comparing a
previously generated phosphorescence decay-rate pat-
tern of a genuine paper sheet with the phosphorescence
decay-rate pattern of the paper sheet targeted for deter-
mination generated at the generating.

[Advantageous Effects of Invention]

[0020] According to the present invention, the excita-
tion light is irradiated in a small area of the paper sheet
when the paper sheet is being transported, a phospho-
rescence intensity from the small area on the paper sheet
is acquired after the irradiation of the excitation light is
stopped, a decay rate indicating a decrease rate of the
phosphorescence intensity of the small area on the paper
sheet is calculated based on the phosphorescence in-
tensity of the small area on the paper sheet and acquired
a plurality of times, based on a transport state, a phos-
phorescence decay-rate pattern that contains a pattern
of the phosphorescence decay rate with a position of the
small area on the paper sheet is generated, and the au-
thentication of the paper sheet targeted for determination
is determined by comparing a phosphorescence decay-
rate pattern generated previously of a genuine paper
sheet with the phosphorescence decay-rate pattern of
the paper sheet targeted for determination. Therefore, a
stricter authentication of the banknote while reducing the
cost by making the sensor structure simpler can be re-
alized
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[Brief Description of Drawings]
[0021]

FIG. 1is a schematic explanatory view for explaining
a paper-sheet authentication method according to
one embodiment of the present invention.

FIG. 2 is a view for explaining phosphorescence
emission characteristic of abanknote on which a par-
ticular region has been printed with a phosphores-
cence ink.

FIG. 3 is a block diagram of an internal configuration
of a banknote authentication apparatus that per-
forms banknote authentication according to the
present embodiment.

FIG. 4 is a view for explaining a configuration of a
line sensor shown in FIG. 1 including a light emitting
unit and a light receiving unit.

FIG. 5is a view for explaining a data structure of the
banknote authentication apparatus shown in FIG. 3.
FIG. 6 is a view for explaining a processing timing
of an image acquisition of a banknote by the ban-
knote authentication apparatus shown in FIG. 3 ac-
cording to the present embodiment.

FIG. 7 is a flowchart of a processing procedure of an
image-data acquisition processing performed by the
banknote authentication apparatus shown in FIG. 3.
FIG. 8 is a flowchart of a processing procedure of a
banknote authentication processing performed by
the banknote authentication apparatus shown in
FIG. 3.

[Description of Embodiments]

[0022] Exemplary embodiments of a paper-sheet au-
thentication apparatus and a paper-sheet authentication
method according to the present invention are explained
below in detail with reference to the accompanying draw-
ings. The following embodiments will be explained by
using a "banknote" as a representative of a "paper sheet".

EMBODIMENT

[0023] At first, an outline of a banknote authentication
method according to the present embodiment is ex-
plained by using FIG. 1. InFIG. 1, (a) indicates an outline
of a relation between a banknote targeted for authenti-
cation and a structure of a line sensor 120 of a banknote
authentication apparatus 100 according to the present
embodiment that acquires an image of the banknote. In
FIG. 1, (b) indicates an example of information acquired
by the line sensor 120 in each area on the banknote
shown in (a) of FIG. 1 that has been divided into (m x n)
target areas. In FIG. 1, (c) indicates a method of gener-
ating, based on the acquired information shown in (b) of
FIG. 1, an image to be used in the banknote authentica-
tion. In FIG. 1, (d) is a view for explaining a concept of
the authentication performed by using the image data
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generated in (c) of FIG. 1.

[0024] As shown in (a) of FIG. 1, the line sensor 120
sandwiches a transport path of a banknote and includes
a light emitting unit 121 arranged above the transport
path and a light receiving unit 123 arranged below the
transport path. The light emitting unit 121 includes "m"
light emitting elements 122 arranged at a regular interval
in the y-axis direction. Each of the light emitting elements
122 radiates infrared light on the front surface of the ban-
knote. Moreover, the light receiving unit 123 includes "m"
lightreceiving elements 124 arranged at aregular interval
in the y-axis direction. Each of the "m" light receiving
elements 124 is arranged at a position corresponding to
each of the "m" light emitting elements 122. Each of the
light receiving elements 124 detects a light passing
through the banknote and a light emitted by the banknote
that is being transported on the transport path.

[0025] The banknote is transported in the positive di-
rection of the x-axis. While the banknote is passing
through the line sensor 120, the line sensor 120 acquires
information from the banknote at "n" positions in the x-
axis direction. Thatis, when the banknote passes through
the line sensor 120, the line sensor 120 acquires infor-
mation in each of "n" unit detection areas in the x-axis
direction and "m" unit detection areas in the y-axis direc-
tion.

[0026] In FIG. 1, (b) is a graph that shows a relation
between a time and a received light intensity acquired
by the light receiving element 124 corresponding to an
area (X, y) that is one of the unit detection areas shown
in (a) of FIG. 1. The light emitting unit 121 of the line
sensor 120 is turned on at a time point t0 and turned off
at a time point t2 at each of the "n" positions on the ban-
knote in the x-axis direction. From the time point t0 up to
the time point t2 during which the light emitting element
122 corresponding to the area (x, y) is on, the received
light intensity acquired by the light receiving element 124
is v1. After the light emitting element 122 is turned off at
the time point t2, the received light intensity acquired by
the light receiving element 124 decreases with time. The
acquired information corresponding to the area (x, y) in-
cludes the received light intensity v1 at the time point t1
as a received light intensity while the excitation light is
beingirradiated, and areceived lightintensity v3 ata time
point t3, a received light intensity v4 at a time point t4, a
received lightintensity v5 atatime pointt5, and areceived
light intensity v6 at a time point t6 as received light inten-
sities after the excitation light is turned off.

[0027] In FIG. 1, (c) shows a method of generating
light-on image data 132 from the information acquired
while the excitation light is being irradiated, and after-
glow-intensity image data 134 and afterglow decay-rate
image data 135 from the information acquired after the
excitation light is turned off. These data are generated
from the one received light intensity (v1) acquired while
the excitation light is being irradiated and the four re-
ceived light intensities (v3, v4, v5, and v6) acquired after
the excitation light is turned off as shown in (b) of FIG. 1.
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[0028] The light-on image data 132 is an image con-
taining (m x n) pixels corresponding to the (m x n) areas
on the banknote shown in (a) of FIG. 1. Moreover, a pixel
value of each of the pixels of the light-on image data 132
represents the received light intensity v1 at a time point
t1 shown in the graph in (b) of FIG. 1 that is the received
light intensity acquired while the excitation light is being
irradiated in each of the areas corresponding to each of
the pixels.

[0029] The afterglow-intensity image data 134 is an
image containing (m x n) pixels corresponding to the (m
x n) areas on the banknote shown in (a) of FIG. 1. More-
over, a pixel value of each of the pixels of the afterglow-
intensityimage data 134 represents a sum of the received
light intensities v3, v4, v5, and v6 shown in the graph in
(b) of FIG. 1 thatare the received lightintensities acquired
after the excitation light is turned off in each of the areas
corresponding to each of the pixels.

[0030] The afterglow decay-rate image data 135 is an
image containing (m x n) pixels corresponding to the (m
x n) areas on the banknote shown in (a) of FIG. 1. More-
over, a pixel value of each of the pixels of the afterglow
decay-rate image data 135 represents a decay-rate of
the received light intensities between the time point t3
and the time point t6 after the excitation light is turned off
shown in the graph in (b) of FIG. 1 in each of the areas
corresponding to each of the pixels. The decay-rate of
the received light intensities between the time point t3
and the time point t6 can be calculated by subtracting
the received light intensity v6 at the time point t6 from
the received light intensity v3 at the time point t3 and then
dividing the obtained value by a value obtained by sub-
tracting t3 from t6. Here, the sampling has been per-
formed four times; however, the decay-rate can be cal-
culated by performing the sampling for two or more times.
[0031] The manner shown in (b) of FIG. 1 in which the
afterglow intensity decreases with the passage of time
after the excitation light has been turned off varies de-
pending on the kind and the amount of the phosphores-
cence ink and the like included in the banknote. There-
fore, even if it is difficult to determine such a variation
merely by using the received light intensity of the phos-
phorescence ink, by evaluating a variation in the manner
in which the afterglow intensity of the phosphorescence
ink used to print a genuine banknote decreases due to
the variation in the manner in which the phosphores-
cence ink has been used, a stricter authentication of the
banknote can be performed.

[0032] Moreover, the banknote authentication appara-
tus 100 previously stores therein determination reference
data 131 corresponding to a light-on reference image,
an afterglow-intensity reference image, and an afterglow
decay-rate reference image. The light-on reference im-
age, the afterglow-intensity reference image, and the af-
terglow decay-rate reference image are images gener-
ated previously from the information acquired by the line
sensor 120, with the same procedure as shown in (b)
and (c) of FIG. 1, from genuine banknotes per denomi-
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nation and direction targeted for the determination. When
performing a banknote authentication processing, the
light-on image data 132, the afterglow-intensity image
data 134, and the afterglow decay-rate image data 135
shown in (d) of FIG. 1 are generated based on the infor-
mation acquired by the line sensor 120 from the banknote
targeted for the authentication. The generated data are
compared with the determination reference data 131 that
is stored previously and contains the light-on reference
image, the afterglow-intensity reference image, and the
afterglow decay-rate reference image corresponding to
the genuine banknote. The authentication of the ban-
knote is determined based on this comparison.

[0033] Furthermore, in order to receive and evaluate
an afterglow from a region, in which the infrared light is
irradiated as the excitation light, after the irradiation of
the infrared light is turned off from this region, it is nec-
essary that alightreceiving sensorreceives the afterglow
from at least 50% or more of the region in which the in-
frared light is irradiated. To achieve this, it is necessary
to appropriately design a transport speed, a light receiv-
ing region of the light receiving sensor, and an irradiation
surface area of the infrared light.

[0034] In this manner, the excitation light is irradiated
on the banknote having a characteristic to emit the phos-
phorescence when irradiated with the excitation light, and
a transmitted light passing through the banknote and the
afterglow of the phosphorescence emitted by the ban-
knote are detected with the line sensor 120. The authen-
tication of the banknote is determined by evaluating the
similarity between each of the light-on image data 132
acquired while the excitation light is being irradiated, the
afterglow-intensity image data 134 generated from the
afterglow intensity after the excitation light is turned off,
and the afterglow decay-rate image data 135 generated
from the decay rate of the afterglow intensities after the
excitation light is turned off, and the light-on reference
image, the afterglow-intensity reference image, and the
afterglow decay-rate reference image corresponding to
the genuine banknote and stored previously. According-
ly, a stricter authentication of the banknote while reducing
the cost by making the sensor structure simpler can be
realized.

[0035] Subsequently, phosphorescence emission
characteristic of a banknote on which a particular region
has been printed with the phosphorescence ink is ex-
plained using FIG. 2. Here, (a) and (b) of FIG. 2 show
examples of banknotes in which the phosphorescence
ink has been used in similar regions. Moreover, in these
two banknotes, the afterglow emission intensity after
stopping the irradiation of the infrared light is same but
the decay rate is different.

[0036] On the banknote shown in (a) of FIG. 2, the
phosphorescence ink is used in a lower-left portion. The
graph shown in the central part in (a) of FIG. 2 is a graph
of the afterglow received light intensity, from the area
shown in (a) of FIG. 2 in which the phosphorescence ink
has been used, on a scanning line parallel to the x-axis
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at a scanning position y1 in the y-axis direction. Moreo-
ver, the shown graph in the lower part in (a) of FIG. 2 is
a graph of the afterglow decay rate, from the area shown
in (a) of FIG. 2 in which the phosphorescence ink has
been used, on the scanning line parallel to the x-axis at
the scanning position y1 in the y-axis direction.

[0037] On the banknote shown in (b) of FIG. 2, the
phosphorescence ink is used in a lower-left portion sim-
ilar to that of the banknote shown in (a) of FIG. 2. The
graph shown in the central part in (b) of FIG. 2 is a graph
of the afterglow received light intensity, from the area
shown in (b) of FIG. 2 in which the phosphorescence ink
has been used, on a scanning line parallel to the x-axis
at a scanning position y1 in the y-axis direction. Moreo-
ver, the graph shown in the lower part in (b) of FIG. 2 is
a graph of the afterglow decay rate, from the area shown
in (b) of FIG. 2 in which the phosphorescence ink has
been used, on the scanning line parallel to the x-axis at
the scanning position y1 in the y-axis direction.

[0038] From the graphs shown in the central partin (a)
and (b) of FIG. 2, there is a possibility that it will be de-
termined that both the banknotes in (a) and (b) of FIG. 2
have a high similarity, because, a strong afterglow re-
ceived light intensity is detected in the range of x1 and
X2 in the x-axis direction, and the detected afterglow re-
ceived light intensity has a peak near v1 in both the
graphs in (a) and (b) of FIG. 2.

[0039] However, from the graphs shown in the lower
part in (a) and (b) of FIG. 2, there is a possibility that it
will be determined that both the banknotes in (a) and (b)
of FIG. 2 have a low similarity, because, although the
afterglow decay rate is similar for both the graphs as the
position of the high afterglow decay rate is similar in the
range of x1 and x2 in the x-axis direction, there is a con-
siderable difference with respect to a peak (r1) of the
decay rate in (a) of FIG. 2 and a peak (r2) of the decay
rate in (b) of FIG. 2.

[0040] In the present embodiments, as shown in FIG.
2, because the authentication of the banknote is deter-
mined by using the afterglow received light intensity per
area and the afterglow decay rate per area, a stricter
authentication can be performed.

[0041] Subsequently, an internal configuration of the
banknote authentication apparatus 100 that performs the
banknote authentication according to the present em-
bodiment is explained. FIG. 3 is a block diagram of the
internal configuration of the banknote authentication ap-
paratus 100.

[0042] AsshowninFIG. 3,the banknote authentication
apparatus 100 includes a transport unit 110 that trans-
ports banknotes one by one, the line sensor 120 that is
attached to the transport unit 110 and that acquires image
information from a banknote that is transported by the
transport unit 110, a memory 130, and a control unit 140.
[0043] The memory 130isa storage device constituted
by a nonvolatile memory and the like. The memory 130
stores therein the determination reference data 131, the
light-on image data 132, afterglow sampling data 133,
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the afterglow-intensity image data 134, and the afterglow
decay-rate image data 135.

[0044] The determination reference data 131 is stored
previously before performing the banknote authentica-
tion processing. The determination reference data 131
includes reference image data used to determine the au-
thentication of the banknote transported to the banknote
authentication apparatus 100 and a threshold of an eval-
uation value relating to the banknote authentication cal-
culated by using the reference image data.

[0045] The light-on image data 132 is data indicating
a transmitted-light intensity, of the banknote, received by
the light receiving unit 123 while the light emitting unit
121 is on, from each of the unit detection areas shown
in FIG. 1.

[0046] The afterglow sampling data 133 is data indi-
cating an afterglow intensity, of the banknote, received
by the light receiving unit 123 after turning the light emit-
ting unit 121 off, from each of the unit detection areas
shown in FIG. 1. The afterglow sampling data 133 indi-
cates, for example, four sampling values of the afterglow
intensity acquired at four time points after turning the light
emitting unit 121 off. The four time points include the time
point after elapse of time t3, after elapse of time t4, after
elapse of time t5, and after elapse of time t6 from when
the light emitting unit 121 is turned off (it is assumed t3
< t4 <t5 <16). The number of the samples to be acquired
is not limited to four, two or five or more samples can be
acquired. That is, the afterglow sampling data 133 is ob-
tained by sampling two or more times after elapse of a
predetermined time from when the light emitting unit 121
is turned off.

[0047] The afterglow-intensity image data 134, for ex-
ample, is data generated from the afterglow sampling
data 133. The afterglow-intensity image data 134 is an
image with each pixel value thereof being a sum of the
four sampling values acquired at the four timings and
included in the afterglow sampling data 133. In the
present embodiment, in this manner, each pixel value of
the afterglow-intensity image data 134 is taken as the
sum of the four sampling values acquired at the four tim-
ings and included in the afterglow sampling data 133;
however, the present invention is not limited to this. As
another example, it is allowable to take an average of
the four sampling values acquired at the four timings and
included in the afterglow sampling data 133 as the pixel
value of the afterglow-intensity image data 134. Moreo-
ver, for example, it is allowable to take one of the four
sampling values acquired at the four timings and included
in the afterglow sampling data 133 as the pixel value of
the afterglow-intensity image data 134.

[0048] The afterglow decay-rate image data 135 is da-
ta generated from the afterglow sampling data 133. The
afterglow decay-rate image data 135 is an image with
each pixel value thereof being obtained by calculating a
subtraction value by subtracting from a sampling value
of the afterglow sampling data 133 acquired at the time
point t3, which is the time point after the elapse of the
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predetermined time from when the light emitting unit 121
is turned off, a sampling value at the time point t6 from
turning the light emitting unit 121 off, and dividing the
subtraction value by (6 - t3). In the present embodiment,
in this manner, each pixel value of the afterglow decay-
rate image data 135 is taken as a reduction amount per
unittime of the afterglow intensity between the time points
t3 and t6 from turning off the light emitting unit 121; how-
ever, the present invention is not limited to this. For ex-
ample, based on the information acquired as the after-
glow sampling data 133 by performing sampling at any
two time points, itis allowable to take a reduction amount
per unit time of the afterglow intensities at the two time
points as the pixel value of the afterglow decay-rate im-
age data 135. Moreover, it is allowable to take a ratio of
the afterglow intensity at the time point t6 from turning
off the light emitting unit 121 as the pixel value of the
afterglow decay-rate image data 135 to the afterglow in-
tensity at the time point t3 that is the time point after the
elapse of the predetermined time from when the light
emitting unit 121 is turned off.

[0049] The control unit 140 controls the entire ban-
knote authentication apparatus 100. The control unit 140
includes a transport control unit 141, an emission control
unit 142, an image acquisition control unit 143, an after-
glow-image generating unit 144, a denomination acquir-
ing unit 145, and an authentication determination unit
146. In reality, computer programs corresponding to
these functional parts are stored in a not-shown ROM or
a nonvolatile memory. A corresponding computer pro-
gram is loaded in a CPU (Central Processing Unit) and
executed to realize a corresponding process.

[0050] Thetransportcontrol unit141 provides a control
to transport the fed banknote so that it passes through
the line sensor 120 at a predetermined transport speed.
Authentication is determined based on the information
acquired by the line sensor 120 when the banknote pass-
es through the line sensor 120, and the authentication
result is sent to the host control unit.

[0051] The emission control unit 142 instructs the light
emitting unit 121 of the line sensor 120 to repeat turning
on/off at a predetermined cycle. Moreover, following an
instruction to turn on the light emitting unit 121, the emis-
sion control unit 142 instructs the light receiving unit 123
to lower a gain of a circuit for lighting. Moreover, following
an instruction to turn off the light emitting unit 121, the
emission control unit 142 instructs the light receiving unit
123 to increase a gain of a circuit for afterglow detection.
[0052] The image acquisition control unit 143, when
the banknote passes through the line sensor 120, writes
in the light-on image data 132 the information acquired
by the light receiving unit 123 at a timing after elapse of
a predetermined time from when the light emitting unit
121 is turned on. Moreover, the image acquisition control
unit 143 writes in the afterglow sampling data 133 the
sampling values acquired by the light receiving unit 123
at the four timings after elapse of a predetermined time
from when the light emitting unit 121 is turned off. One
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image in the light-on image data 132 and the four sam-
pling values in the afterglow sampling data 133 are re-
spectively the image containing the number of pixels ob-
tained by multiplying the number of scanning lines and
the number of the light receiving elements 124 in the light
receiving unit 123. The number of scanning lines is de-
cided based on an on/off cycle of the light emitting unit
121, the transport speed of the transport unit 110, and a
length of the banknote in the transport direction.

[0053] The afterglow-image generating unit 144 gen-
erates the afterglow-intensity image data 134 and the
afterglow decay-rate image data 135 based on four af-
terglow images included in the afterglow sampling data
133 and acquired atdifferent elapsed times after stopping
the irradiation of the excitation light. Each pixel value of
the afterglow-intensity image data 134 is a sum of the
pixel values of the pixel at the same position of the four
afterglow images included in the afterglow sampling data
133 and acquired atdifferent elapsed times after stopping
the irradiation of the excitation light. Each pixel value of
the afterglow decay-rate image data 135 is a value ob-
tained by calculating a subtraction value by subtracting
a sampled pixel value of a pixel at the same position of
the afterglow image included in the afterglow sampling
data 133 and at which the elapsed time after stopping
the irradiation of the excitation light is the shortest from
a sampled pixel value at the same position of the after-
glow image at which the elapsed time after stopping the
irradiation of the excitation lightis the longest and dividing
the subtraction value by a difference between the
elapsed times.

[0054] The denomination acquiring unit 145 is a
processing unit that acquires a denomination and a di-
rection of the banknote recognized by a not-shown de-
nomination recognition unit that is arranged upstream of
the transport path.

[0055] The authentication determination unit 146 se-
lects the reference image data per denomination and di-
rection included in the determination reference data 131
based on the afterglow-intensity image data 134, the af-
terglow decay-rate image data 135, and the information
about of the denomination and the direction of the ban-
knote targeted for the determination and acquired by the
denomination acquiring unit 145, and determines wheth-
er the banknote of which the image data is acquired by
the line sensor 120 is the genuine banknote having the
denomination and the direction acquired by the denom-
ination acquiring unit 145.

[0056] Subsequently, aconfiguration of the line sensor
120 that includes the light emitting elements 122 and the
light receiving elements 124 shown in FIG. 1 is explained
by using FIG. 4. FIG. 4 is a cross-sectional view of the
line sensor 120 along a surface that is orthogonal to the
transport direction of the banknote.

[0057] The line sensor 120 includes the light emitting
unit 121 above the transport path of the banknote and
the light receiving unit 123 below the transport path there-
by sandwiching the transport path. The light emitting unit
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121 includes the light emitting elements 122 arranged at
the regular interval. Moreover, the light receiving unit 123
includes the light receiving element 124 arranged at a
position corresponding to each of the light emitting ele-
ments 122 of the light emitting unit 121. Each of the light
emitting elements 122 radiates an excitation light on a
banknote that is being transported on the transport path,
and the light receiving elements 124 placed in the posi-
tions corresponding to the light emitting elements 122
detect the transmitted light while the excitation light is
being irradiated and the afterglow after the irradiation is
stopped.

[0058] The light emitting element 122 includes a light
source 122b such as an LED that emits an infrared light,
a light-emitting element substrate 122a that performs
acts such as controlling on/off and adjusting the emission
intensity of the light source 122b, and atransparent mem-
ber 122d constituted by a transparent glass or resin. The
light receiving element 124 includes a transparent mem-
ber 124a constituted by a transparent glass or resin, a
light receiving sensor 124d that detects the light that has
passed through the transparentmember 124a, and a light
receiving element substrate 124e that performs acts such
as amplifying the information detected by the light receiv-
ing sensor 124d and performing digital conversion of the
information. Moreover, because the difference between
the intensity of the transmitted light when the light source
122b is on and the intensity of the afterglow when the
light source 122b is off is too large, the light receiving
element substrate 124e has a function to adjust the gain
(light receiving sensitivity) of an amplifier circuit of the
light receiving sensor 124d. The gain of the amplifier cir-
cuit can be changed by sending an instruction to that
effect from the control unit 140.

[0059] When the banknote thatis being transported on
the transport path is irradiated with the infrared light emit-
ted by the light source 122b of the light emitting element
122, the light that has passed through the banknote en-
ters the light receiving sensor 124d, and the light receiv-
ing sensor 124d detects the transmitted light. Moreover,
after the light source 122b is turned off, the afterglow
from the banknote enters the light receiving sensor 124d,
and the lightreceiving sensor 124d detects the afterglow.
In this manner, the intensity information when the ban-
knote is irradiated with the excitation light and the inten-
sity information of the afterglow after the irradiation of the
excitation light is stopped can be acquired.

[0060] Although no explanation has been given above
about a light receiving filter 124b and a condenser lens
124c, the light receiving filter 124b and the condenser
lens 124c can be provided when certain conditions are
satisfied. When measuring the phosphorescence, the
light source 122b is turned off so that there is no need to
arrange a filter of the light emission side. If the excited
phosphorescence is weak, the condenser lens 124c¢ can
be provided to condense the light. Moreover, if the excited
phosphorescence includes both of a visible light compo-
nent and an infrared light component, and if only one of
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the lightcomponents is to be evaluated, the lightreceiving
filter 124b may be provided.

[0061] Subsequently, a data structure of the banknote
authentication apparatus 100 shown in FIG. 3 is ex-
plained by using FIG. 5.

[0062] The determination reference data 131 includes
authentication reference information to be used in the
authentication processing of the transported banknote.
Moreover, the authentication reference information in-
cludes afterglow-intensity image reference information
and afterglow decay-rate image reference information.
The afterglow-intensity image reference information in-
cludes a determination threshold and reference image
data per denomination and direction. The reference im-
age data is the afterglow-intensity image data 134 ac-
quired by using the genuine banknote. Moreover, the de-
termination threshold indicates a lower limit of an evalu-
ation value, indicating the similarity between two images
calculated from the afterglow-intensity image data 134
of the transported banknote and the reference image da-
ta, to determine the transported banknote as a genuine
banknote of a certain denomination.

[0063] Moreover, the afterglow decay-rate image ref-
erence information includes a determination threshold
and reference image data per denomination and direc-
tion. The reference image data is the afterglow decay-
rate image data 135 acquired by using the genuine ban-
knote. Moreover, the determination threshold indicates
a lower limit of an evaluation value, indicating a similarity
between two images calculated from the afterglow de-
cay-rate image data 135 of the transported banknote and
the reference image data, to determine the transported
banknote as a genuine banknote of a certain denomina-
tion.

[0064] Anexample of the determination reference data
131 shown in FIG. 5 is given below. As the afterglow-
intensity image reference information for a denomination
1in adirection "A", there are the determination threshold
value "v11A" for the determination, and the afterglow-
intensity image data 134 that is a reference for the de-
nomination 1 in the direction "A" of a genuine banknote
as the reference image data. For the denomination 1 in
adirection "B", there are the determination threshold val-
ue "v11B" for the determination, and the afterglow-inten-
sity image data 134 that is a reference for the denomi-
nation 1 in the direction "B" of a genuine banknote as the
reference image data. For a denomination 2 in the direc-
tion "A", there are the determination threshold value
"v12A" for the determination, and the afterglow-intensity
image data 134 that is a reference for the denomination
2 in the direction "A" of a genuine banknote as the refer-
ence image data. For a denomination 3 in the direction
"A", there are the determination threshold value "v13A"
for the determination, and the afterglow-intensity image
data 134 that is a reference for the denomination 3 in the
direction "A" of a genuine banknote as the reference im-
age data. Moreover, as the afterglow decay-rate image
reference information for the denomination 1 in the di-
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rection "A", there are the determination threshold value
"v21A" for the determination, and the afterglow decay-
rate image data 135 that is a reference for the denomi-
nation 1 in the direction "A" of a genuine banknote as the
reference image data. For the denomination 1 in the di-
rection "B", there are the determination threshold value
"v21B" for the determination, and the afterglow decay-
rate image data 135 that is a reference for the denomi-
nation 1 in the direction "B" of a genuine banknote as the
reference image data. For the denomination 2 in the di-
rection "A", there are the determination threshold value
"v22A" for the determination, and the afterglow decay-
rate image data 135 that is a reference for the denomi-
nation 2 in the direction "A" of a genuine banknote as the
reference image data. For the denomination 3 in the di-
rection "A", there are the determination threshold value
"v23A" for the determination, and the afterglow decay-
rate image data 135 that is a reference for the denomi-
nation 3 in the direction "A" of a genuine banknote as the
reference image data. Here, the four directions of the
transport direction are expressed as the direction "A", the
direction "B", a direction "C", and a direction "D".
[0065] The afterglow sampling data 133 is four sam-
pling data acquired at the four timings with different
elapsed times after stopping the irradiation of the excita-
tion light. The afterglow sampling data 133 includes, in
an ascending order of the value of the elapsed time after
stopping the irradiation of the excitation light, an afterglow
sampling value 1, an afterglow sampling value 2, an af-
terglow sampling value 3, and an afterglow sampling val-
ue 4.

[0066] Subsequently, aprocessing timing ofimage ac-
quisition of a banknote by the banknote authentication
apparatus 100 shown in FIG. 3 according to the present
embodiment is explained by using FIG. 6. FIG. 6 shows,
for one cycle of turning on/off of the light emitting unit 121
of the line sensor 120, switching of the gain of the am-
plifier circuit of the light receiving unit 123 and an image
data acquisition timing of the light receiving unit 123.
[0067] As shown in FIG. 6, the light emitting unit 121
is turned on at a time point t1, turned off at a time point
t4, and again turned on at a time point t13. Thus, one
cycle of the light emitting unit 121 is from the time point
t1 to the time point t13. The time length of the one cycle
isfixedanditisL1. Alight-ontime length, i.e., fromturning
the light emitting unit 121 on to turning it off, is L2. A light-
off time length, i.e., from turning the light emitting unit
121 off to turning it on, is L3. It is allowable that the time
lengths L2 and L3 are equal. Moreover, the switching of
the gain of the amplifier circuit of the light receiving unit
123 is performed in synchronization with turning on/off
of the light emitting unit 121. Specifically, the gain of the
amplifier circuit of the light receiving unit 123 is lowered
in synchronization with turning on of the light emitting unit
121 at the time points t1 and t13. Moreover, the gain of
the amplifier circuit of the light receiving unit 123 is in-
creased in synchronization with turning off of the light
emitting unit 121 at the time point t4.
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[0068] Moreover, from a time point t2, which is after
elapse of a predetermined time (L4) from the on timing
(t1), to a time point t3, which is after elapse of a prede-
termined time (L6), the information detected by the light
receiving unit 123 is acquired as a part of the light-on
image data 132. The data corresponding to the light-on
image of the area on one scanning line that is orthogonal
to the transport direction of the banknote can be acquired
in one information acquisition.

[0069] Moreover, from a time point t5, which is after
elapse of a predetermined time (L5) from the off timing
(t4), to a time point t6, which is after the elapse of the
predetermined time (L6), the information detected by the
light receiving unit 123 is acquired as a part of the after-
glow sampling value 1 of the afterglow sampling data
133. From a time point t7, which is after elapse of a pre-
determined time (L7) from the time point t6, to a time
point t8, which is after the elapse of the predetermined
time (L6), the information detected by the light receiving
unit 123 is acquired as a part of the afterglow sampling
value 2 of the afterglow sampling data 133. From a time
point t9, which is after the elapse of the predetermined
time (L7) from the time point t8, to a time point t10, which
is after the elapse of the predetermined time (L6), the
information detected by the light receiving unit 123 is ac-
quired as a part of the afterglow sampling value 3 of the
afterglow sampling data 133. Froma time pointt11, which
is after the elapse of the predetermined time (L7) from
the time point t10, to a time point t12, which is after the
elapse of the predetermined time (L6), the information
detected by the light receiving unit 123 is acquired as a
part of the afterglow sampling value 4 of the afterglow
sampling data 133.

[0070] Subsequently,aprocessing procedure ofanim-
age-data acquisition processing performed by the ban-
knote authentication apparatus 100 shown in FIG. 3 is
explained. FIG. 7 is a flowchart of the processing proce-
dure of the image-data acquisition processing performed
by the banknote authentication apparatus 100.

[0071] Whetherthe banknote transported by the trans-
port unit 110 has reached a reading start position of a
banknote image is detected (Step S101). Upon detecting
that the banknote has not reached the reading start po-
sition of abanknote image (Step S101: NO), the detection
is repeated until such detection is affirmative. Upon de-
tecting reaching of the banknote (Step S101: YES), the
image acquisition control unit 143 performs preparation
processing for the image acquisition of the transported
banknote (Step S102). This preparation processing in-
cludes initialization of the light-on image data 132, the
afterglow sampling data 133, the afterglow-intensity im-
age data 134, and the afterglow decay-rate image data
135, and the like.

[0072] The emission control unit 142 instructs to lower
the gain of the amplifier circuit of the light receiving unit
123 of the line sensor 120 (Step S103), and to turn on
the light emitting unit 121 of the line sensor 120 (Step
S104). Subsequently, the image acquisition control unit
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143 determines if it is acquisition timing of the light-on
image data 132 (Step S105). Ifitis the acquisition timing
of the light-on image data 132 (Step S105: YES), the
image acquisition control unit 143 acquires the informa-
tion detected by the light receiving unit 123 as a part of
the light-on image data 132 (Step S106). If it is not the
acquisition timing of the light-on image data 132 (Step
S105: NO), the system control is returned to Step S105
to wait until the acquisition timing of the light-on image
data 132 is reached.

[0073] Subsequently, the emission control unit 142 de-
termines if it is the timing to turn off the light emitting unit
121 (Step S107). If it is the timing to turn off the light
emitting unit 121 (Step S107: YES), the emission control
unit 142 instructs to turn off the light emitting unit 121 of
the line sensor 120 (Step S108) and to increase the gain
of the amplifier circuit of the light receiving unit 123 of the
line sensor 120 (Step S109). If it is not the timing to turn
offthe light emitting unit 121 (Step S107: NO), the system
control is returned to Step S107 to wait until the timing
to turn off the light emitting unit 121 is reached.

[0074] Subsequently, the image acquisition control
unit 143 determines if it is the acquisition timing of the
afterglow sampling data 133 (Step S110). If it is not the
acquisition timing of the afterglow sampling data 133
(Step S110: NO), the system control is returned to Step
S110 to wait until the acquisition timing of the afterglow
sampling data 133 is reached. Moreover, if it is the ac-
quisition timing of the afterglow sampling data 133 (Step
S110: YES), the image acquisition control unit 143 ac-
quires the information detected by the light receiving unit
123 as a part of the afterglow sampling data 133 (Step
S111). The acquisition timings of the afterglow image,
as shown in FIG. 6, come four times in the turning-off
period of one cycle of the turning on/off of the light emitting
unit 121. Which among the afterglow sampling values 1
to 4 of the afterglow sampling data 133 is acquired is
determined by the timing to acquire.

[0075] Subsequently, itis determined whether the four
sampling values at the four acquisition timings of the af-
terglow sampling values in one cycle of the turning on/off
of the light emitting unit 121 have been acquired (Step
S112). If an afterglow image that has not been acquired
yet is present (Step S112: NO), the system control is
returned to Step S110 to wait until the acquisition timing
of the non-acquired afterglow sampling value is reached.
Moreover, ifallthe information of the four sampling values
at the four acquisition timings of the afterglow sampling
values have been acquired (Step S112: YES), the after-
glow-image generating unit 144 calculates the pixel value
corresponding to the afterglow-intensity image data 134
based on the afterglow sampling data 133 acquired at
the previous Steps S110 to S112, and updates the after-
glow-intensity image data 134 based on the result of the
calculation (Step S113). Moreover, the afterglow-image
generating unit 144 calculates the pixel value corre-
sponding to the afterglow decay-rate image data 135
based on the afterglow sampling data 133 acquired at
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the previous Steps S110 to S112, and updates the after-
glow decay-rate image data 135 based on the result of
the calculation (Step S114).

[0076] Subsequently, the image acquisition control
unit 143 determines whether the entire banknote has
passed through the line sensor 120 (Step S115). If the
entire banknote has not passed through the line sensor
120 (Step S115: NO), the system control is returned to
Step S103. Moreover, if the entire banknote has passed
through the line sensor 120 (Step S115: YES), the
processing is finished.

[0077] Subsequently, a processing procedure of the
banknote authentication processing performed by the
banknote authentication apparatus 100 shown in FIG. 3
is explained. FIG. 8 is a flowchart of the processing pro-
cedure of the banknote authentication processing per-
formed by the banknote authentication apparatus 100.
[0078] The banknote authentication processing shown
in FIG. 8 is performed in after the image-data acquisition
processing of the banknote shown in FIG. 7. The denom-
ination acquiring unit 145 acquires the information of a
denomination and a direction of the banknote recognized
by the denomination recognition unit arranged in an up-
stream side of the transport path (Step S201).

[0079] If being successful in acquiring the information
of the denomination and the direction at Step S201 (Step
S202: YES), the authentication determination unit 146
calculates, from the afterglow-intensity image data 134
and the reference image data corresponding to the de-
nomination and the direction, acquired at Step S201, of
the afterglow-intensity image reference information of the
determination reference data 131, an evaluation value
indicating a similarity between the two images (Step
S203). The authentication determination unit 146 com-
pares the evaluation value calculated at Step S203 and
the determination threshold corresponding to the denom-
ination and the direction, acquired at Step S201, of the
afterglow-intensity image reference information of the
determination reference data 131 (Step S204). If the
evaluation value calculated at Step S203 is equal to or
higher than the determination threshold (Step S204:
YES), the system control proceeds to Step S205. A cor-
relation coefficient, forexample, can be used as the eval-
uation value.

[0080] The authentication determination unit 146 cal-
culates, from the afterglow decay-rate image data 135
and the reference image data corresponding to the de-
nomination and the direction, acquired at Step S201, of
the afterglow decay-rate image reference information of
the determination reference data 131, an evaluation val-
ue indicating a similarity between the two images (Step
S205). The authentication determination unit 146 com-
pares the evaluation value calculated at Step S205 and
the determination threshold corresponding to the denom-
ination and the direction, acquired at Step S201, of the
afterglow decay-rate image reference information of the
determination reference data 131 (Step S206). If the
evaluation value calculated at Step S205 is equal to or
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higher than the determination threshold (Step S206:
YES), the banknote whose image has been acquired by
the line sensor 120 is determined to be a genuine ban-
knote (Step S207), and the processing is finished.
[0081] If the evaluation value calculated at Step S205
is lower than the corresponding determination threshold
(Step S206: NO), the banknote whose image has been
acquired by the line sensor 120 is determined to be a
counterfeit banknote (Step S208), and the processing is
finished. Moreover, if the evaluation value calculated at
Step S203 is lower than the corresponding determination
threshold (Step S204 : NO), the banknote whose image
has been acquired by the line sensor 120 is determined
to be a counterfeit banknote (Step S208), and the
processing is finished. Moreover, if being unsuccessful
in acquiring the information of the denomination and the
direction at Step S201 (Step S202: NO), the banknote
whose image has been acquired by the line sensor 120
is determined to be a counterfeit banknote (Step S208),
and the processing is finished.

[0082] As another embodiment, at Step S201, it is al-
lowable to perform the recognition of the denomination
based on transmission infrared-lightimage data that has
been stored in the light-on image data 132 and a denom-
ination recognition reference transmission infrared-light
datathat has been previously stored in the determination
reference data 131.

[0083] As explained above, according to the present
embodiment, the excitation light is irradiated on the ban-
knote having the characteristic to emit the phosphores-
cence when irradiated with the excitation light, and the
transmitted light passing through the banknote and the
afterglow of the phosphorescence emitted by the ban-
knote are detected with the line sensor 120. The authen-
tication of the banknote is determined by evaluating the
similarity between the afterglow-intensity image data 134
generated from the afterglow intensity after the excitation
lightis turned off and the afterglow decay-rate image data
135 generated from the decay rate of the afterglow in-
tensity after the excitation light is turned off, and the af-
terglow-intensity reference image and the afterglow de-
cay-rate reference image corresponding to the genuine
banknote and stored previously. Accordingly, a stricter
authentication of the banknote while reducing the cost
by making the sensor structure simpler can be realized.
[0084] Moreover, because the light-on image data 133
is acquired while the excitation light is being irradiated,
the denomination recognition becomes possible. Fur-
thermore, because transmission infrared image data, an
afterglow intensity image, and an afterglow decay-rate
image at the same location on the banknote can be ac-
quired, it is possible to identify the location on the ban-
knote by using the transmission infrared image data and
evaluate an afterglow intensity image value and an af-
terglow decay-rate image value corresponding to the
identified location. Accordingly, the authentication can
be determined precisely, and it is possible to improve the
capability to authenticate a counterfeit banknote ob-
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tained by patch working by cutting a part and pasting a
new one for the phosphorescence ink part area.

[0085] In the above embodiment, an example of per-
forming the banknote authentication by employing the
phosphorescence emitted in the infrared wavelength
band by exciting with the infrared light is explained; how-
ever, the presentinvention is not limited to this. Because
the existence of the ink emitting the phosphorescence
when irradiated with the visible light or the ultraviolet light
is known, the visible light or the ultraviolet light can be
used instead of the infrared light. For example, when the
target banknotes has a characteristic of emitting the
phosphorescence in the visible wavelength band when
excited with the ultraviolet light, a line sensor that allows
irradiation of the ultraviolet light and detection of the vis-
ible light can be used as the line sensor. Moreover, be-
cause, unlike the infrared light that easily passes through
a paper sheet, the ultraviolet light does not easily pass
through a paper sheet, a reflection-type line sensor that
detects a light reflected from the surface on which the
ultraviolet light is irradiated is often used as a line sensor
that irradiates the ultraviolet light and detects the visible
light. Moreover, in the present embodiment, a transmis-
sion-type sensor is used as an example; however, a re-
flection-type sensor in which a light emitting unit and a
light receiving unit are installed on one side of the ban-
knote transport path can be used. Which one between
the transmission-type sensor and the reflection-type sen-
sor is to use can be decided based on whether the wave-
length of the excitation lightis the infrared light, the visible
light, and the ultraviolet light. However, which one be-
tween the transmission-type sensor and the reflection-
type sensor is better, can be decided at the designing
site after considering the long-short property of the wave-
length.

[0086] Moreover, in the present embodiment, the im-
age data of the entire surface of the paper sheet is ac-
quired with the line sensor 120 and the recognition of the
denomination and the determination of the authentication
is performed based on the image data of the entire sur-
face of the paper sheet; however, the present invention
is not limited to this. For example, in an apparatus that
targets a paper sheet whose determination of the denom-
ination and the authentication can be performed by using
a particular area of the paper sheet, only the image data
of the particular area of the paper sheet can be acquired
without acquiring the image data of the entire surface,
and the recognition of the denomination and the deter-
mination of the authentication can be performed based
on a comparison of the acquired image data with refer-
ence image data of the particular area.

[0087] Moreover, the various structural components
mentioned in the above embodiments are schematic
functional and are not necessarily present physically.
That is, decentralization and/or unification of various
components are not limited to that shown in the drawings.
All of or some of the components can be decentralized
and/or unified in desired units, functionally or physically,
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depending on various load, operating conditions, and the
like.

[Industrial Applicability]

[0088] As explained above, the paper-sheet authenti-
cation apparatus and the paper-sheet authentication
method according to the present invention is suitable for
realizing a stricter authentication of the banknote while
reducing the cost by making the sensor structure simpler.

[Explanation of Reference Numerals]

[0089]

100 Banknote authentication apparatus
110 Transport unit

120 Line sensor

121 Light emitting unit

122 Light emitting element

122a Light-emitting element substrate
122b Light source

122d, 124a  Transparent member

123 Light receiving unit

124 Light receiving element

124b Light receiving filter

124c Condenser lens

124d Light receiving sensor

124e Light receiving element substrate
130 Memory

131 Determination reference data
132 Light-on image data

133 Afterglow sampling data

134 Afterglow-intensity image data
135 Afterglow decay-rate image data
140 Control unit

141 Transport control unit

142 Emission control unit

143 Image acquisition control unit
144 Afterglow-image generating unit
145 Denomination acquiring unit

146 Authentication determination unit
Claims

1. A paper-sheet authentication apparatus that deter-
mines a kind and/or an authentication of a paper
sheet having a characteristic to emit phosphores-
cence when irradiated with an excitation light, com-
prising:

a transport unit that transports the paper sheet;
an excitation-light irradiating unit that irradiates
with the excitation light a small area of the paper
sheet being transported by the transport unit;

a phosphorescence-intensity acquiring unit that
acquires a phosphorescence intensity from the
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small area on the paper sheet after the excita-
tion-light irradiating unit has irradiated the small
area of the paper sheet with the excitation light
and then stopped irradiating;

a phosphorescence decay-rate calculating unit
that calculates a decay rate indicating a de-
crease rate of the phosphorescence intensity of
the small area on the paper sheet based on the
phosphorescence intensity acquired a plurality
of times by the phosphorescence-intensity ac-
quiring unit from the small area on the paper
sheet;

a phosphorescence decay-rate pattern gener-
ating unitthat generates a phosphorescence de-
cay-rate pattern in which the decay rate calcu-
lated by the phosphorescence decay-rate cal-
culating unit is associated with a position of the
small area on the paper sheet based on a trans-
port state of the paper sheet transported by the
transport unit; and

an authentication unit that determines the au-
thentication of the paper sheet targeted for de-
termination by comparing a previously generat-
ed phosphorescence decay-rate pattern of a
genuine paper sheet with the phosphorescence
decay-rate pattern of the paper sheet targeted
for determination generated by the phosphores-
cence decay-rate pattern generating unit.

The paper-sheet authentication apparatus as
claimed in claim 1, wherein

the excitation-light irradiating unit is comprised of a
plurality of the excitation-light irradiating units which
are arranged in a direction of an intersection line of
a surface parallel to a transport surface of the paper
sheet and a surface orthogonal to a transport direc-
tion of the paper sheet, and

the same number of the phosphorescence-intensity
acquiring units as the number of the excitation-light
irradiating units are arranged in the same direction
as the direction in which the excitation-light irradiat-
ing units are arranged.

The paper-sheet authentication apparatus as
claimed in claim 1 or 2, wherein

the excitation-light irradiating unit irradiates the pa-
per sheet with the excitation light, and

the excitation-light irradiating unit and the phospho-
rescence-intensity acquiring unit are arranged on
opposite side of a transport path of the paper sheet.

The paper-sheet authentication apparatus as
claimed in claim 1 or 2, wherein

the excitation-light irradiating unit irradiates the pa-
per sheet with the excitation light, and

the excitation-light irradiating unit and the phospho-
rescence-intensity acquiring unitare arranged onthe
same side with respect to a transport surface of the
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paper sheet.

The paper-sheet authentication apparatus as
claimed in any one of claims 1 to 4, further compris-

ing:

a phosphorescence-intensity pattern generat-
ing unit that generates a phosphorescence in-
tensity pattern in which the phosphorescence
intensity of the paper sheet acquired by the
phosphorescence-intensity acquiring unit is as-
sociated with a transport position of the paper
sheet of a transport direction of the paper sheet
while transporting the paper sheet with the trans-
port unit; and

a second authentication unit that determines the
authentication of the paper sheet targeted for
determination by comparing a previously gen-
erated phosphorescence intensity pattern of a
genuine paper sheet generated by the phospho-
rescence-intensity pattern generating unit with
the phosphorescence intensity pattern of the pa-
per sheet targeted for determination generated
by the phosphorescence-intensity pattern gen-
erating unit.

The paper-sheet authentication apparatus as
claimed in claim 5, further comprising a paper-sheet
kind determination unit that determines the kind of
the paper sheet targeted for determination by com-
paring the previously generated phosphorescence
intensity pattern of the genuine paper sheet gener-
ated by the phosphorescence-intensity pattern gen-
erating unit with the phosphorescence intensity pat-
tern of the paper sheet targeted for determination
generated by the phosphorescence-intensity pattern
generating unit.

The paper-sheet authentication apparatus as
claimed in any one of claims 1 to 6, wherein

the excitation-light irradiating unit radiates the exci-
tation light having a wavelength componentbetween
800 nm and 1000 nm, and

the phosphorescence-intensity acquiring unit ac-
quires an intensity of light of a wavelength that is
longer than a visible light and/or the excitation light.

The paper-sheet authentication apparatus as
claimed in any one of claims 1 to 7, wherein a relation
between a transport speed of the transport unit and
a scanning area of the phosphorescence-intensity
acquiring unit is such that the small area from which
the phosphorescence intensity is acquired is 50% or
more of the area irradiated by the excitation-light ir-
radiating unit.

The paper-sheet authentication apparatus as
claimed in any one of claims 1 to 3 and 5 to 8, further
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comprising:

a transmitted-light intensity acquiring unit that
acquires a transmitted-light intensity of a light
passing through the small area of the paper
sheet while the excitation-light irradiating unit is
irradiating the small area of the paper sheet with
the excitation light;

a transmission-intensity pattern generating unit
that generates a transmission intensity pattern
in which the transmitted-light intensity of the pa-
per sheet acquired by the transmitted-light in-
tensity acquiring unit is associated with a trans-
port direction of the paper sheet while the trans-
port unit is transporting the paper sheet; and

a third authentication unit that determines the
authentication of the paper sheet targeted for
determination by comparing a previously gen-
erated transmission intensity pattern of a genu-
ine paper sheet generated by the transmission-
intensity pattern generating unit with the trans-
mission intensity pattern of the paper sheet tar-
geted for determination generated by the trans-
mission-intensity pattern generating unit.

10. A paper-sheet authentication method for determin-
ing a kind and/or an authentication of a paper sheet
having a characteristic to emit phosphorescence
when irradiated with an excitation light, comprising:

transporting the received paper sheet;
irradiating a small area of the paper sheet being
transported with the excitation light at the trans-
porting;

acquiring a phosphorescence intensity from the
small area on the paper sheet after the excitation
light has irradiated the small area of the paper
sheet and then stopped irradiating;

calculating a decay rate indicating a decrease
rate of the phosphorescence intensity of the
small area on the paper sheet based on the
phosphorescence intensity acquired a plurality
of times from the small area on the paper sheet
at the acquiring;

generating a phosphorescence decay-rate pat-
tern in which the decay rate calculated at the
calculating is associated with a position of the
small area on the paper sheet based on a trans-
port state of the paper sheet transported at the
transporting; and

determining the authentication of the paper
sheet targeted for determination by comparing
a previously generated phosphorescence de-
cay-rate pattern of a genuine paper sheet with
the phosphorescence decay-rate pattern of the
paper sheet targeted for determination generat-
ed at the generating.
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