
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

35
8 

53
6

A
1

TEPZZ¥¥585¥6A_T
(11) EP 3 358 536 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
08.08.2018 Bulletin 2018/32

(21) Application number: 15905424.6

(22) Date of filing: 30.09.2015

(51) Int Cl.:
G07D 7/00 (2016.01)

(86) International application number: 
PCT/JP2015/077843

(87) International publication number: 
WO 2017/056270 (06.04.2017 Gazette 2017/14)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA

(71) Applicant: Fujitsu Frontech Limited
Inagi-shi, Tokyo 206-8555 (JP)

(72) Inventors:  
• SAGAMI, Takanori

Inagi-shi
Tokyo 206-8555 (JP)

• ISHIHARA, Yasuyuki
Inagi-shi
Tokyo 206-8555 (JP)

(74) Representative: Haseltine Lake LLP
Lincoln House, 5th Floor 
300 High Holborn
London WC1V 7JH (GB)

(54) PAPER-SHEET HANDLING DEVICE, AND PAPER-SHEET HANDLING DEVICE CORRECTION 
METHOD

(57) A apparatus includes an image sensor unit (21)
which includes an image capturing element that captures
a banknote so as to discriminate the banknote, a control-
ler that controls the image sensor unit (21), and a first
attachment part (26), to which the image sensor unit (21)

is attached to be detachable, and which includes a con-
nection terminal that connects the image sensor unit (21)
and the controller with each other, and which is arranged
in a conveyance path (14) for conveying the banknote.
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Description

[Technical Field]

[0001] The present invention relates to a paper sheet handling apparatus and a correction method of the paper sheet
handling apparatus.

[Background Art]

[0002] For example, there is known a banknote handling apparatus used for an automated teller machine (ATM) etc.,
which includes a discrimination unit that discriminates banknotes. Such a kind of discrimination unit includes a conveyance
mechanism for conveying a banknote and discrimination sensors having a plurality of types for discriminating the ban-
knote, which is conveyed by the conveyance mechanism, for example. As the discrimination sensors having the plurality
of types, for example, an image sensor for capturing and discriminating a banknote, an ultraviolet sensor for discriminating
a fluorescent component of the banknote, and a magnetic sensor for discriminating a magnetic component of the banknote
are employed.
[0003] There is known, as the discrimination unit, a sensor unit including light emitting elements, light receiving ele-
ments, and a magnetic head.

[Citation List]

[Patent Literature]

[0004] Patent Literature 1: Japanese Laid-open Patent Publication No. 10-031774

[Summary of Invention]

[Technical Problem]

[0005] Meanwhile, in the above discrimination unit, when maintenance or replacement is to be performed on the image
sensor, a work of detaching the image sensor from an inner part of the discrimination unit is complicated, and thus it is
difficult to maintain or replace only the image sensor. Hence, in such a case, in the banknote handling apparatus,
maintenance or replacement is performed on a whole of the discrimination unit, and thus there exists a problem that the
cost for the maintenance or replacement of the image sensor increases.
[0006] The disclosed techniques have been made in view of the aforementioned, and an object of the embodiment is
to provide a paper sheet handling apparatus and a correction method of the paper sheet handling apparatus, which is
able to be easily maintained or replaced in units of the image sensor unit.

[Solution to Problem]

[0007] To solve the above problem and attain the object, a paper sheet handling apparatus disclosed in this application,
according to an aspect, includes: an image sensor unit which includes an image capturing element that captures a paper
sheet so as to discriminate the paper sheet; a controller that controls the image sensor unit; and a first attachment part
that includes: a connection terminal that connects the image sensor unit and the controller with each other, the first
attachment part, to which the image sensor unit is attached to be detachable, being arranged in a conveyance path for
conveying the paper sheet.

[Advantageous Effects of Invention]

[0008] According to an aspect of a paper sheet handling apparatus disclosed in the present application, it is possible
to easily perform maintenance or replacement in units of an image sensor unit. Thus, it is possible to reduce the cost of
the maintenance and the replacement.

[Brief Description of Drawings]

[0009]

FIG. 1 is a diagram schematically illustrating the whole of a banknote handling apparatus according to an embodiment.
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FIG. 2 is a perspective view schematically illustrating a discriminator included in the banknote handling apparatus
according to the embodiment.
FIG. 3 is a side view schematically illustrating a state where a conveyance path is closed by a conveyance-path
constituting bodies of the discriminator according to the embodiment.
FIG. 4 is a side view schematically illustrating a state where the conveyance path is opened by the conveyance-
path constituting bodies of the discriminator according to the embodiment.
FIG. 5A is a perspective side view illustrating an image sensor unit included in the discriminator according to the
embodiment.
FIG. 5B is a perspective front view illustrating the image sensor unit included in the discriminator according to the
embodiment.
FIG. 6 is a block diagram illustrating the image sensor unit according to the embodiment.
FIG. 7 is a perspective view illustrating a state where the image sensor unit is to be attached to the discriminator
according to the embodiment.
FIG. 8 is a side view illustrating an ultraviolet/magnetic sensor unit included in the discriminator according to the
embodiment.
FIG. 9 is a block diagram illustrating the ultraviolet/magnetic sensor unit included in the discriminator according to
the embodiment.
FIG. 10 is a flowchart illustrating a black correction to be performed on each of image capturing elements of the
image sensor units according to the embodiment.
FIG. 11 is a flowchart illustrating a white correction to be performed on each of the image capturing elements of the
image sensor units according to the embodiment.
FIG. 12 is a flowchart illustrating an output correcting process to be executed by each of the image sensor units
according to the embodiment in its reading.
FIG. 13 is a flowchart illustrating an offset correction to be performed on the ultraviolet/magnetic sensor unit according
to the embodiment.
FIG. 14 is a flowchart illustrating a gain correction to be performed on the ultraviolet/magnetic sensor unit according
to the embodiment.
FIG. 15 is a flowchart illustrating an output correcting process to be executed by the ultraviolet/magnetic sensor unit
according to the embodiment in its reading.

[Embodiments for Carrying Out the Invention]

[0010] Hereinafter, an exemplary embodiment of a paper sheet handling apparatus and a correction method of the
paper sheet handling apparatus disclosed in the present application will be described in detail with reference to the
accompanying drawings. Moreover, it is not intended that the paper sheet handling apparatus and the correction method
of the paper sheet handling apparatus disclosed in the present application be limited to the embodiment described below.

Embodiment

Configuration of Banknote Handling Apparatus

[0011] FIG. 1 is a diagram schematically illustrating the whole of the banknote handling apparatus according to the
embodiment. As illustrated in FIG. 1, a banknote handling apparatus 1 according to the embodiment includes a bill
deposit and withdrawal part 6 that deposits and withdraws a banknote 3, a discriminator 7 that discriminates the banknote
3 deposited in the bill deposit and withdrawal part 6, and a plurality of holding parts 8 that temporarily holds therein the
banknote 3 conveyed from the discriminator 7. The banknote handling apparatus 1 further includes a storing part 9 that
stores the banknote 3 sent from each of the holding parts 8, a supplying part 10 that supplies the banknote 3 for withdrawal,
a retrieving part 11 that retrieves the banknote 3 not flowing back to the bill deposit and withdrawal part 6, and a
conveyance mechanism 12 that conveys the banknote 3. These parts 6 to 11 and the conveyance mechanism 12 are
controlled by a controller 5. In the present embodiment, the banknote 3 is employed as one example of a paper sheet,
not limited to the banknote 3, another paper sheet such as a cash voucher may be used.
[0012] FIG. 2 a perspective view schematically illustrating the discriminator 7 included in the banknote handling ap-
paratus 1 according to the embodiment. As illustrated in FIGS. 1 and 2, the conveyance mechanism 12 includes a pair
of upper and lower conveyance-path constituting bodies 15 constituting a conveyance path 14 of the banknote 3, and
the upper conveyance-path constituting body 15 is configured to be dividable, from the lower conveyance-path constituting
body 15, on a division surface B which is arranged along a conveyance direction A of the banknote 3.
[0013] The conveyance-path constituting body 15 includes a plurality of conveyance rollers 17 that conveys the ban-
knote 3, chassis 18 that supports the plurality of conveyance rollers 17 to be rotatable, and a driving mechanism (not
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illustrated) that drives the plurality of conveyance rollers 17. The chassis 18 of the upper conveyance-path constituting
body 15 is supported to be rotatable around a rotation shaft 19 in a direction C with respect to the chassis 18 of the
lower conveyance-path constituting body 15. The plurality of conveyance rollers 17 is arranged along the conveyance
path 14 so as to convey the banknote 3 in a state where a short side direction of the rectangular-shaped banknote 3 is
in parallel to the conveyance direction A.

Configuration of Discriminator

[0014] FIG. 3 is a side view schematically illustrating a state where the conveyance path 14 is closed by the conveyance-
path constituting bodies 15 of the discriminator 7 according to the embodiment. FIG. 4 is a side view schematically
illustrating a state where the conveyance path 14 is opened by the conveyance-path constituting bodies 15 of the
discriminator 7 according to the embodiment.
[0015] As illustrated in FIGS. 2 to 4, the discriminator 7 includes a pair of image sensor units 21 that captures the
banknote 3 to perform discrimination, and a pair of first attachment parts 26 to which the respective image sensor units
21 are attached to be detachable. One of the pair of image sensor units 21 discriminates one surface of the banknote
3, and the other of the pair of image sensor units 21 discriminates the other surface of the banknote 3.
[0016] The discriminator 7 further includes an ultraviolet/magnetic sensor unit 22 including an ultraviolet sensor and
a magnetic sensor, and a second attachment part 27 to which the ultraviolet/magnetic sensor unit 22 is attached to be
detachable.
[0017] The discriminator 7 further includes entrance sensors 24a as position sensors that detect a position of the
banknote 3 entering the discriminator 7, exit sensors 24b as position sensors that detect a position of the banknote 3
exiting from the discriminator 7, and a thickness sensor 25 that detects the thickness of the banknote 3.

Configuration of Image Sensor Unit

[0018] FIG. 5A is a perspective side view illustrating the image sensor unit 21 included in the discriminator 7 according
to the embodiment. FIG. 5B is a perspective front view illustrating the image sensor unit 21 included in the discriminator
7 according to the embodiment. FIG. 6 is a block diagram illustrating the image sensor unit 21 according to the embod-
iment.
[0019] As illustrated in FIGS. 5A and 5B, each of the image sensor units 21 includes light sources 30, a plurality of
image capturing elements 31, a storage element 32 that stores correction information for correcting outputs from the
plurality of image capturing elements 31, and a circuit board 33 on which the plurality of image capturing elements 31
and the storage element 32 are arranged. The image sensor unit 21 is what is called a line sensor unit in which the
plurality of first to X-th image capturing elements 31 is arrayed along a straight line perpendicular to the conveyance
direction A of the banknote 3.
[0020] As illustrated in FIG. 5B, each of the light sources 30 is arranged in a line in an alignment direction D of the
plurality of image capturing elements 31, and as illustrated in FIG. 5A, the light sources 30 are arranged so as to place
the image capturing elements 31 therebetween in the conveyance direction A of the banknote 3. In an inner part of the
image sensor unit 21, a line-shaped lens member 35 is arranged, along the alignment direction D of the plurality of image
capturing elements 31, in a position opposite to the plurality of image capturing elements 31. The light sources 30 and
the lens member 35 are covered by a cover member 36 that has the optical transparency.
[0021] As illustrated in FIG. 6, a Read Only Memory (ROM) is employed as the storage element 32, which stores black
correcting data and white correcting data as correction information to be mentioned later. As illustrated in FIG. 6, a
custom integrated circuit (custom IC: ASIC) 37 and a connector 38, which is electrically connected with the controller 5,
are arranged on the circuit board 33. The custom IC 37 includes an analog/digital converter (ADC) 37a that converts
outputs from the image capturing elements 31, and a semiconductor memory 37b in which correction data read from
the storage element 32 (ROM) is set.
[0022] FIG. 7 is a perspective view illustrating a state where the image sensor unit 21 is to be attached to the discriminator
7 according to the embodiment. As illustrated in FIGS. 3, 4, and 7, the pair of first attachment parts 26 is arranged in
opposite positions in the upper conveyance-path constituting body 15 and the lower conveyance-path constituting body
15, and is formed to open to the division surface B of the conveyance path 14. Thus, when the division surface B of the
pair of upper and lower conveyance-path constituting bodies 15 is opened, it is possible to easily access the first
attachment parts 26. As illustrated in FIG. 7, each of the first attachment parts 26 is provided with one end of connecting
cable 41 electrically connected with the controller 5, and a connection terminal 42 of the connecting cable 41 is to be
connected with the connector 38 of the circuit board 33 that is included in the image sensor unit 21.
[0023] Each of the first attachment parts 26 includes a plurality of reference surfaces (not illustrated) for positioning
the image sensor unit 21 at a predetermined position with reference to the conveyance path 14. The image sensor unit
21, which is attached to the first attachment part 26, is fixed by using a fixing screw and using a fixing member among
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other things (not illustrated).

Ultraviolet/Magnetic Sensor Unit

[0024] FIG. 8 is a side view illustrating the ultraviolet/magnetic sensor unit 22 included in the discriminator 7 according
to the embodiment. FIG. 9 is a block diagram illustrating the ultraviolet/magnetic sensor unit 22 included in the discriminator
7 according to the embodiment. As illustrated in FIGS. 8 and 9, the ultraviolet/magnetic sensor unit 22 according to the
present embodiment is obtained by integrating an ultraviolet sensor unit and a magnetic sensor unit to be configured as
one magneto optical sensor unit.
[0025] The ultraviolet/magnetic sensor unit 22 includes a UV-light source 45 that irradiates an ultraviolet ray to the
banknote 3, an ultraviolet sensor 46 that discriminates a fluorescent component of the banknote 3, and a magnetic
sensor 47 that discriminates a magnetic component (magnetic thread) of the banknote 3. The ultraviolet/magnetic sensor
unit 22 further includes a storage element 48 that stores correction information for correcting outputs from the ultraviolet
sensor 46 and the magnetic sensor 47, and a circuit board 49 on which the ultraviolet sensor 46, the magnetic sensor
47 and the storage element 48 are arranged.
[0026] The ultraviolet sensor 46 and the magnetic sensor 47 are arranged on the circuit board 49 while placing a
predetermined interval therebetween in the conveyance direction A of the banknote 3. As illustrated in FIG. 9, a ROM
is employed as the storage element 48, which stores offset correcting data and gain correcting data to be mentioned
later as the correction information. The ROM as the storage element 48 is included in a microcomputer 50 that is arranged
on the circuit board 49.
[0027] As illustrated in FIG. 9, an IC 51 that executes a correction process and a connector 52 that is electrically
connected with the controller 5, are arranged on the circuit board 33. The microcomputer 50 includes an analog/digital
converter 50a that converts a correction-processed output, and a semiconductor memory 50b in which correction data
read from the storage element 48 (ROM) is set.
[0028] As illustrated in FIGS. 3 and 4, the second attachment part 27 is arranged on the downstream side of the first
attachment parts 26 in the conveyance direction A, and is formed to open to the division surface B of the conveyance
path 14. Thus, when the division surface B of the pair of upper and lower conveyance-path constituting bodies 15 is
opened, it is possible to easily access the second attachment part 27. Similarly to the configurations of the first attachment
parts 26, the second attachment part 27 is provided with one end of a connecting cable (not illustrated) that is electrically
connected with the controller 5, and a connection terminal of the connecting cable is to be connected with the connector
52 of the circuit board 49 that is included in the ultraviolet/magnetic sensor unit 22.
[0029] The second attachment part 27 includes a plurality of reference surfaces (not illustrated) for positioning the
ultraviolet/magnetic sensor unit 22 in a predetermined position with respect to the conveyance path 14. The ultravio-
let/magnetic sensor unit 22, which is attached to the second attachment part 27, is fixed by using a fixing screw and a
fixing member among other things (not illustrated).
[0030] The ultraviolet/magnetic sensor unit 22 according to the present embodiment is obtained by integrating an
ultraviolet sensor unit and a magnetic sensor unit so as to be attached to the one second attachment part 27, not limited
to this configuration. For example, the ultraviolet sensor unit and the magnetic sensor unit may be separately configured,
and the second attachment part 27 attached to the ultraviolet sensor unit and that attached to the magnetic sensor unit,
may be individually provided.
[0031] In this case of the above configuration, the ultraviolet sensor unit (not illustrated) is configured to include an
ultraviolet sensor, a storage element that stores correction information for correcting an output from the ultraviolet sensor,
and a circuit board on which the ultraviolet sensor and the storage element are arranged. Similarly, the magnetic sensor
unit is configured to include a magnetic sensor, storage element that stores correction information for correcting an
output from the magnetic sensor, and a circuit board on which the magnetic sensor and the storage element are arranged.
[0032] As illustrated in FIGS. 2 to 4, the entrance sensors 24a are arranged on an entrance side in the conveyance
direction A of the banknote 3, and include a light emitter that emits a detection light toward the conveyance path 14, and
a light receiver that receives the detection light emitted from the light emitter. Similarly, the exit sensors 24b are arranged
on an exit side in the conveyance direction A of the banknote 3, and include a light emitter that emits a detection light
toward the conveyance path 14, and a light receiver that receives the detection light emitted from the light emitter. When
the banknote 3 conveyed along the conveyance path 14 blocks the detection light, the entrance sensors 24a or the exit
sensors 24b detect a position (passage of the banknote 3) of the banknote 3.
[0033] The thickness sensor 25 is arranged between the image sensor units 21 and the magnetic sensor 47 of the
ultraviolet/magnetic sensor unit 22 in the conveyance direction A, for example. The thickness sensor 25 includes a
detection plate (not illustrated) provided to be movable in a thickness direction of the banknote 3, and a plane coil (not
illustrated) mounted on a printed board. The thickness sensor 25 detects a position of the detection plate, which moves
in accordance with the thickness of the banknote 3 in response to a passage of the banknote 3, by using electric current
loss so as to detect the thickness of the banknote 3.
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[0034] Effects of these entrance sensors 24a, the exit sensors 24b, and the thickness sensor 25, which are influenced
on their outputs (discrimination accuracy), caused by attachment states for the conveyance path 14, are large, and thus
it is not practical to previously correct the outputs in the sensor alone. In this point, the entrance sensors 24a, the exit
sensors 24b, and the thickness sensor 25 are different from the image sensor units 21, and the ultraviolet sensor 46
and the magnetic sensor 47 of the ultraviolet/magnetic sensor unit 22. Thus, these entrance sensors 24a, the exit sensors
24b, and the thickness sensor 25 are actually attached to predetermined positions of the conveyance path 14 and then
their outputs are individually corrected to adjust their attachment positions as needed.
[0035] In other words, unlike the image sensor units 21 and the ultraviolet/magnetic sensor unit 22, the entrance
sensors 24a, the exit sensors 24b, and the thickness sensor 25 are sensors that are difficult to be constituted as sensor
units and whose outputs are difficult to be previously corrected in the sensor unit alone.

Output Correction of Image Sensor Unit

[0036] FIG. 10 is a flowchart illustrating a black correction to be performed on each of the image capturing elements
31 of the image sensor units 21 according to the embodiment. FIG. 11 is a flowchart illustrating a white correction to be
performed on each of the image capturing elements 31 of the image sensor units 21 according to the embodiment. FIG.
12 is a flowchart illustrating an output correcting process to be executed by each of the image sensor units 21 according
to the embodiment in its reading.
[0037] Meanwhile, in a conventional banknote handling apparatus, when an image sensor is maintained or replaced,
there exist variations between outputs of the image sensors, and thus a correction work is to be performed on an output
of each of the image sensors. Each of the image sensors includes a plurality of image capturing elements and there
exists scattering between outputs (sensitivities) of the image capturing elements, and thus correction is performed so
as to make the outputs of the plurality of image capturing elements even. Moreover, in the banknote handling apparatus,
outputs of a pair of image sensors, that discriminate respective two faces of a banknote, are to be made even. Thus,
when the image sensors are maintained or replaced, such an output correcting work is performed on the image sensors
after the image sensors are attached to the banknote handling apparatus, and thus the maintenance and replacement
of the image sensors are complicated.
[0038] On the other hand, a black correction and a white correction are performed on each of the image sensor units
21 according to the embodiment, in the image sensor unit 21 alone, on shipping in a manufacturing process of the image
sensor units 21, and their outputs are previously corrected to be appropriate. The black correction indicates an offset
correction performed during a non-lighting period of the light source 30 of the image sensor unit 21. Each of the image
capturing elements 31 of the image sensor unit 21 generates an output even when the light source 30 is in a non-lighting
state, and thus the black correction is to be performed. The white correction indicates an output correction of each of
the image capturing elements 31, which is performed by using a reference output correcting medium corresponding to
the banknote 3, during a lighting period of the light source 30 of the image sensor unit 21, and a shading correction for
making outputs of the image capturing elements 31 even.
[0039] The image sensor units 21 are attached to an output correcting jig (not illustrated) and the black correction and
the white correction are performed. First, as illustrated in FIG. 10, the output correcting jig turns off the light of the light
sources 30 of the pair of image sensor units 21 (Step S1), and performs the black correction on the image sensor units
21. The output correcting jig sets "0" (reference value) as the black correcting data for the semiconductor memories 37b
in the image sensor units 21 in order to perform the black correction (Step S2), and sets "1" (magnification) as the white
correcting data for the semiconductor memories 37b (Step S3). Next, the output correcting jig reads outputs of the image
capturing elements 31 in a non-lighting state of the light sources 30 (Step S4), and stores the outputs (offset amount for
"0" as reference value) of the image capturing elements 31 in the storage element 32 (ROM) as the black correcting
data (Step S5).
[0040] Next, as illustrated in FIG. 11, the output correcting jig turns on the light of the light sources 30 of the pair of
image sensor units 21 (Step S11), arranges the reference medium (not illustrated) for correcting output between the
pair of image sensor units 21 (Step S12) so as to perform the white correction on the image sensor units 21. The output
correcting jig sets the black correcting data obtained in the above black correction for the semiconductor memories 37b
in the image sensor units 21 in order to perform the white correction (Step S13), and sets "1" (magnification) for the
semiconductor memories 37b as the white correcting data (Step S14). Next, the output correcting jig reads outputs of
the image capturing elements 31 in a lighting state of the light sources 30 (Step S15).
[0041] The output correcting jig corrects magnifications (bit gains) for respective outputs of the image capturing ele-
ments 31 on the basis of the outputs of the image capturing elements 31 with respect to the plurality of image capturing
elements 31 that are included in the image sensor units 21 (Step S16). For example, in a case where a target value of
the outputs of the image capturing elements 31 is "100", when a measurement value of one of the output of the image
capturing elements 31 is "80", the bit gain of the corresponding one of the image capturing elements 31 is corrected to
(100 / 80) = 1.25 times. In other words, the output correcting jig corrects the bit gain for each of the image capturing
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elements 31 so that the outputs of the image capturing elements 31 become the target value to be made even. The
corrected bit gains, which are obtained by correcting the bit gains of the image capturing elements 31, are stored in the
storage element 32 (ROM) as the white correcting data (Step S17).
[0042] As described above, the black correction and the white correction are previously performed, it is accordingly
possible to obtain appropriate outputs without performing the black correction and the white correction after the image
sensor units 21 are attached to the first attachment parts 26 of the banknote handling apparatus 1. Specifically, in the
banknote handling apparatus 1, an output correcting process is executed, when the image sensor units 21 are used, by
using the black correcting data and the white correcting data that are stored in the storage element 32. The output
correcting process will be explained.
[0043] As illustrated in FIG. 12, a power source of the banknote handling apparatus 1, in which the image sensor units
21 are attached to the first attachment parts 26, is turned on (Step S21). After the turn-on of the power source, the image
sensor units 21 automatically set the black correcting data, which is stored in the storage element 32 (ROM), for the
semiconductor memories 37b (Step S22), and further automatically set the white correcting data, which is stored in the
storage element 32, for the semiconductor memories 37b (Step S23). Subsequently, the banknote handling apparatus
1 turns on the light of the light sources 30 of the image sensor units 21, and captures the conveyed banknote 3 so as
to read outputs of the image capturing elements 31 (Step S24). In the banknote handling apparatus 1, the image sensor
units 21 execute a black correcting process using the black correcting data on the outputs of the image capturing elements
31 (Step S25), and further execute a white correcting process using the white correcting data on the outputs of the image
capturing elements 31 (Step S26).
[0044] In the black correcting process, as illustrated in FIG. 6, let an output of each of the image capturing elements
31 after the black correcting process be "Db", let an output of the corresponding image capturing element 31 before the
black correcting process be "Da", and let a corresponding piece of the black correcting data be "Dd", the following formula
1 is established. 

[0045] In the white correcting process, let an output of each of the image capturing elements 31 after the white correcting
process be "Dc", and let a corresponding piece of the white correcting data be "De", the following formula 2 is established. 

[0046] Therefore, from the formulae 1 and 2, an output (output after white correction) of each of the image capturing
elements 31 satisfies the following formula 3. 

[0047] In this manner, in the banknote handling apparatus 1, the image sensor units 21 execute therein, on an output
of each of the image capturing elements 31, the black correcting process and the white correcting process by using the
black correcting data and the white correcting data that are held by the image sensor units 21 themselves. Thus, it is
possible to obtain appropriate outputs without performing the black correction and the white correction on the image
sensor units 21 after attachment of the image sensor units 21 to the first attachment parts 26. Thus, the compatibility
associated with the outputs is ensured in the image sensor unit 21 alone, so that it is possible to realize easy maintenance
and replacement of the image sensor unit 21 in units of the image sensor unit 21.

Output Correction of Ultraviolet/Magnetic Sensor Unit

[0048] FIG. 13 is a flowchart illustrating an offset correction to be performed on the ultraviolet/magnetic sensor unit
22 according to the embodiment. FIG. 14 is a flowchart illustrating a gain correction to be performed on the ultravio-
let/magnetic sensor unit 22 according to the embodiment. FIG. 15 is a flowchart illustrating the output correcting process
to be executed by the ultraviolet/magnetic sensor unit 22 according to the embodiment in its reading.
[0049] Similarly to the image sensor units 21, an offset correction and a gain correction are performed on the above
ultraviolet/magnetic sensor unit 22, in the ultraviolet/magnetic sensor unit 22 alone, on shipping of the ultraviolet/magnetic
sensor unit 22, and its output (sensitivity) is previously corrected to be appropriate. In the corrections of the ultravio-
let/magnetic sensor unit 22, the offset correction corresponds to the black correction in the image sensor units 21, and
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the gain correction corresponds to the white correction in the image sensor units 21.
[0050] The ultraviolet/magnetic sensor unit 22 is attached to an output correcting jig, and the offset correction and the
gain correction are performed. First, as illustrated in FIG. 13, the output correcting jig turns off the light of the UV-light
source 45 of the ultraviolet/magnetic sensor unit 22 (Step S31), and performs the offset correction on the ultraviolet/mag-
netic sensor unit 22. The output correcting jig sets, as offset correcting data, "0" (reference value) for the semiconductor
memory 50b in the ultraviolet/magnetic sensor unit 22 in order to perform the offset correction (Step S32), and further
sets, as gain correcting data, "1" (magnification) for the semiconductor memory 50b (Step S33). Next, the output correcting
jig reads outputs of the ultraviolet sensor 46 and the magnetic sensor 47 in a non-lighting state of the UV-light source
45 (Step S34), and stores the outputs (offset amounts from "0" of reference value) of the ultraviolet sensor 46 and the
magnetic sensor 47 in the storage element 48 (ROM) as the offset correcting data (Step S35).
[0051] Next, as illustrated in FIG. 14, the output correcting jig turns on the light of the UV-light source 45 of the
ultraviolet/magnetic sensor unit 22 (Step S41), and arranges an output correcting reference medium in a predetermined
position (Step S42) so as to perform the gain correction on the ultraviolet/magnetic sensor unit 22. The output correcting
jig sets the offset correcting data obtained in the above offset correction for the semiconductor memory 50b in the
ultraviolet/magnetic sensor unit 22 in order to perform the gain correction (Step S43), and further sets "1" (magnification)
for the semiconductor memory 50b as the gain correcting data (Step S44). Subsequently, the output correcting jig reads
outputs of the ultraviolet sensor 46 and the magnetic sensor 47 in a lighting state of the UV-light source 45 (Step S45).
[0052] The output correcting jig corrects magnifications for the outputs of the ultraviolet sensor 46 and the magnetic
sensor 47 on the basis of the outputs of the ultraviolet sensor 46 and the magnetic sensor 47 (Step S46). The output
correcting jig stores corrected gains, which are obtained by correcting gains of the ultraviolet sensor 46 and the magnetic
sensor 47, in the storage element 48 (ROM) as the gain correcting data (Step S47).
[0053] As described above, the offset correction and the gain correction are previously performed so as to obtain
appropriate outputs without performing the offset correction and the gain correction after the ultraviolet/magnetic sensor
unit 22 is attached to the second attachment part 27 of the banknote handling apparatus 1. Specifically, the ultravio-
let/magnetic sensor unit 22 performs the output correcting process by using the offset correcting data and the gain
correcting data, which are stored in the storage element 48, when the ultraviolet/magnetic sensor unit 22 is used in the
banknote handling apparatus 1. The output correcting process will be explained.
[0054] As illustrated in FIG. 15, the power source of the banknote handling apparatus 1 is turned on, in which the
ultraviolet/magnetic sensor unit 22 is attached to the second attachment part 27 (Step S51). After the turn-on of the
power source, the banknote handling apparatus 1 automatically sets the offset correcting data, which are stored in the
storage element 48 (ROM), for the semiconductor memory 50b (Step S52), and further automatically sets the gain
correcting data, which are stored in the storage element 48, for the semiconductor memory 50b (Step S53). Subsequently,
the banknote handling apparatus 1 turns on the light of the UV-light source 45 and discriminates the conveyed banknote
3 so as to read outputs of the ultraviolet sensor 46 and the magnetic sensor 47 (Step S54). In the banknote handling
apparatus 1, the ultraviolet/magnetic sensor unit 22 executes an offset correcting process using the offset correcting
data on values of the outputs of the ultraviolet sensor 46 and the magnetic sensor 47 (Step S55), and further executes
the gain correcting process using the gain correcting data (Step S56).
[0055] In the banknote handling apparatus 1, the ultraviolet/magnetic sensor unit 22 executes therein, on an output
of each of the ultraviolet sensor 46 and the magnetic sensor 47, the offset correcting process and the gain correcting
process by using the offset correcting data and the gain correcting data that are held by the ultraviolet/magnetic sensor
unit 22 itself. Thus, the banknote handling apparatus 1 is able to obtain an appropriate output by using the ultraviolet
sensor 46 and the magnetic sensor 47 without performing a correction work after attachment of the second attachment
part 27 to the ultraviolet/magnetic sensor unit 22. Thus, the compatibility associated with the output is ensured in the
ultraviolet/magnetic sensor unit 22 alone, so that it is possible to realize easy maintenance and replacement of the
ultraviolet/magnetic sensor unit 22 in units of the ultraviolet/magnetic sensor unit 22.

Replacement Work of Each Sensor Unit in Banknote Handling Apparatus

[0056] In the discriminator 7 of the banknote handling apparatus 1, the image sensor unit 21 is detached from the first
attachment part 26 when the image sensor unit 21 is maintained or replaced. The image sensor units 21, in which the
black correcting data and the white correcting data are previously stored, are attached to the first attachment part 26.
When the image sensor unit 21 is attached to the first attachment part 26, the connector 38 of the circuit board 33 is
connected to the connection terminal 42 of the connecting cable 41 so that the image sensor unit 21 is controlled by the
controller 5.
[0057] As described above, each of the image sensor units 21, which is attached to the corresponding first attachment
parts 26, includes the black correcting data and the white correcting data that is stored in the storage element 32, so
that it is possible to correct outputs by the image sensor unit 21 alone. Therefore, the discriminator 7 is not to correct
outputs of the image sensor units 21 in a maintenance or replacement of the image sensor units 21. The discriminator
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7 is able to discriminate the banknote 3 by using the image sensor units 21 whose outputs are corrected to be appropriate,
only by attaching the image sensor units 21 to the first attachment parts 26. When a maintenance or replacement is
performed on the image sensor units 21, it is preferable that the maintenance or replacement is performed in units of
the pair of image sensor units 21, on which the black correction and the white correction are performed on shipping.
[0058] Similarly to the case of the image sensor units 21, when a maintenance or replacement is performed on the
ultraviolet/magnetic sensor unit 22, the ultraviolet/magnetic sensor unit 22 is detached from the second attachment part
27. The ultraviolet/magnetic sensor unit 22, in which the offset correcting data and the gain correcting data are previously
stored, is attached to the second attachment part 27. When the ultraviolet/magnetic sensor unit 22 is attached to the
second attachment part 27, the connector 52 of the circuit board 49 is connected to a connection terminal of a connecting
cable (not illustrated), and the ultraviolet/magnetic sensor unit 22 is controlled by the controller 5.
[0059] As described above, the ultraviolet/magnetic sensor unit 22, which is attached to the second attachment part
27, includes the offset correcting data and the gain correcting data that is stored in the storage element 32, and its output
is able to be corrected by the ultraviolet/magnetic sensor unit 22 alone. Therefore, the discriminator 7 is not to correct
an output of the ultraviolet/magnetic sensor unit 22 when the ultraviolet/magnetic sensor unit 22 is maintained or replaced.
The discriminator 7 is able to discriminate the banknote 3 by using the ultraviolet/magnetic sensor unit 22 whose output
is corrected to be appropriate only by attaching the ultraviolet/magnetic sensor unit 21 to the second attachment part 27.
[0060] It may be configured so as to include the two second attachment parts, to which an ultraviolet sensor unit and
a magnetic sensor unit are individually attached, and the ultraviolet sensor unit and the magnetic sensor unit are selectively
attached to the second attachment parts, for example, in accordance with a spec of the banknote 3 to be discriminated.
Specifically, a spec of the banknote is different from one country to another, and thus there exists a case where the
ultraviolet sensor and/or the magnetic sensor are not needed. Thus, it may be configured so that an ultraviolet sensor
or a magnetic sensor is able to be selectively and additionally provided when the ultraviolet sensor or the magnetic
sensor becomes needed. In this manner, when the banknote handling apparatus 1 is configured so as to include no
ultraviolet sensor and no magnetic sensor, it is possible to reduce the manufacturing cost of the banknote handling
apparatus 1 on shipping, and is further possible to upgrade the sensor unit in a field (on the spot).
[0061] In this case, a dummy member 60 instead of the ultraviolet sensor unit and the magnetic sensor unit, is attached
to be detachable to the second attachment part 27 as indicated by using dashed lines illustrated in FIGS. 3 and 4 so
that the dummy member 60 blocks an opening of the second attachment part 27. Such a kind of the dummy member
60 is attached thereto, the stability of a conveyance operation of the banknote 3 is ensured similarly to the state where
the ultraviolet sensor unit and the magnetic sensor unit are attached. In a case where the ultraviolet sensor unit and the
magnetic sensor unit are to be attached to the second attachment part 27, when the dummy member 60 is detached
from the second attachment part 27, the ultraviolet sensor unit and the magnetic sensor unit are able to be easily attached
to the second attachment part 27.
[0062] The correction method of the banknote handling apparatus configured as described above includes correcting
outputs of the image capturing elements 31 of the image sensor units 21, on the basis of the black correcting data and
the white correcting data which are stored in the storage element 32 of the image sensor units 21 that capture and
discriminate the banknote 3.
[0063] Moreover, the correction method of the banknote handling apparatus further includes correcting, on the basis
of the offset correcting data and the gain correcting data which are stored in a storage element of at least one sensor
unit of the ultraviolet sensor unit and the magnetic sensor unit, an output of the one sensor unit of the ultraviolet sensor
or the magnetic sensor.
[0064] The banknote handling apparatus 1 according to the embodiment includes the image sensor unit 21, and the
first attachment part 26, to which the image sensor unit 21 is attached to be detachable, and which is arranged in the
conveyance path 14 for conveying the banknote 3. Thus, when the image sensor unit 21 is attached to or detached from
the first attachment part 26, it is possible to easily maintain or replace the image sensor unit 21 in units of the image
sensor unit 21.
[0065] The image sensor unit 21 according to the banknote handling apparatus 1 includes the storage element 32
that stores the black correcting data and the white correcting data for correcting outputs of the plurality of image capturing
elements 31, and the circuit board 33 on which the plurality of image capturing elements 31 and the storage element
32 are arranged. Thus, the image sensor units 21 executes a correction process by using the black correcting data and
the white correcting data to be able to obtain appropriate outputs, so that it is possible to easily maintain or replace the
image sensor unit 21 in units of the image sensor unit 21. It is accordingly possible to reduce the cost of the maintenance
and replacement.
[0066] The banknote handling apparatus 1 includes the ultraviolet/magnetic sensor unit 22, and the second attachment
part 27, to which the ultraviolet/magnetic sensor unit 22 is attached to be detachable, and which is arranged in the
conveyance path 14. Thus, when the ultraviolet/magnetic sensor unit 22 is attached to or detached from the second
attachment part 27, it is possible to easily maintain or replace the ultraviolet/magnetic sensor unit 22 in units of the
ultraviolet/magnetic sensor unit 22.
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[0067] The ultraviolet/magnetic sensor unit 22 includes the storage element 48 that stores the offset correcting data
and the gain correcting data, and the circuit board 49 on which the ultraviolet sensor 46, the magnetic sensor 47 and
the storage element 48 are arranged. Hence, the ultraviolet/magnetic sensor unit 22 executes a correction process by
using the offset correcting data and the gain correcting data to be able to obtain an appropriate output, it is accordingly
possible to easily maintain or replace the ultraviolet/magnetic sensor unit 22 in units of the ultraviolet/magnetic sensor
unit 22.
[0068] To the second attachment part 27, the dummy member 60 is attached to be detachable instead of the ultravi-
olet/magnetic sensor unit 22. Hence, an ultraviolet sensor unit or a magnetic sensor unit is able to be easily and additionally
provided in accordance with a spec of the banknote 3 to be discriminated, so that it is possible to easily respond to the
spec of the banknote 3 to be discriminated. Additionally, by the omission of the ultraviolet/magnetic sensor unit 22, it is
not only possible to reduce the manufacturing cost of the banknote handling apparatus 1 on shipping, and it is also
possible to upgrade the sensor unit in a field (on the spot).
[0069] The first attachment part 26 according to the banknote handling apparatus 1, is arranged so as to have an
opening part on the division surface B of the pair of conveyance-path constituting bodies 15 that are configured to be
dividable from the division surface B which is arranged along a conveyance direction of the banknote 3. Hence, when
the division surface B of the pair of upper and lower conveyance-path constituting bodies 15 is opened, the first attachment
part 26 is able to be easily accessed, so that it is possible to improve a maintenance property and a replacement property
of the image sensor unit 21.

[Explanation of Reference]

[0070]

1 Banknote handling apparatus
3 Banknote
5 Controller
7 Discriminator
12 Conveyance mechanism
14 Conveyance path
15 Conveyance-path constituting body
21 Image sensor unit
22 Ultraviolet/magnetic sensor unit
26 First attachment part
27 Second attachment part
30 Light source
31 Image capturing element
32 Storage element
33 Circuit board
38 Connector
41 Connecting cable
42 Connection terminal
46 Ultraviolet sensor
47 Magnetic sensor
48 Storage element
49 Circuit board
52 Connector
60 Dummy member
B Division surface

Claims

1. A paper sheet handling apparatus comprising:

an image sensor unit which includes an image capturing element that captures a paper sheet so as to discriminate
the paper sheet;
a controller that controls the image sensor unit; and
a first attachment part that includes:
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a connection terminal that connects the image sensor unit and the controller with each other,
the first attachment part, to which the image sensor unit is attached to be detachable, being arranged in a
conveyance path for conveying the paper sheet.

2. The paper sheet handling apparatus according to claim 1, wherein
the image sensor unit includes:

a plurality of image capturing elements;
a storage element that stores correction information for correcting outputs of the plurality of image capturing
elements; and
a circuit board on which the plurality of image capturing elements and the storage element are arranged.

3. The paper sheet handling apparatus according to claim 1, further comprising:

a sensor unit that includes:
at least one of an ultraviolet sensor unit that discriminates a fluorescent component of the paper sheet and a
magnetic sensor unit that discriminates a magnetic component of the paper sheet; and
at least one second attachment part that includes:

one or more connection terminals that connect the at least one sensor unit and the controller with each other,
the at least one second attachment part, to which the at least one sensor unit is attached to be detachable,
being arranged in the conveyance path.

4. The paper sheet handling apparatus according to claim 3, wherein
the ultraviolet sensor unit includes:

an ultraviolet sensor that discriminates the fluorescent component of the paper sheet;
a storage element that stores correction information for correcting an output of the ultraviolet sensor; and
a circuit board on which the ultraviolet sensor and the storage element are arranged, and

the magnetic sensor unit includes:

a magnetic sensor that discriminates the magnetic component of the paper sheet;
a storage element that stores correction information for correcting an output of the magnetic sensor; and
a circuit board on which the magnetic sensor and the storage element are arranged.

5. The paper sheet handling apparatus according to claim 3, wherein
to the at least one second attachment part, one or more dummy members are attached to be detachable instead
of the at least one sensor unit.

6. The paper sheet handling apparatus according to claim 1, further comprising:

a plurality of conveyance-path constituting bodies that is configured to be dividable from a division surface which
is arranged along a conveyance direction of the paper sheet, wherein
the first attachment part is arranged so as to have an opening part on the division surface of the conveyance-
path constituting bodies.

7. A correction method of a paper sheet handling apparatus, the method comprising:
correcting an output of an image sensor unit based on correction information stored in a storage element of the
image sensor unit that captures and discriminates a paper sheet.

8. The correction method according to claim 7, further comprising:
correcting, based on correction information stored in storage element of at least one of an ultraviolet sensor unit
that discriminates a fluorescent component of the paper sheet and a magnetic sensor unit that discriminates a
magnetic component of the paper sheet, an output of the one sensor unit.
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