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2 lection device that collects, for example, information about a paper sheet

3 T B ! 15 having a transparent part, wherein the paper sheet information collection

|

device is provided with: an optical sensor for outputting transmitted light
data for a plurality of collection points in the conveying direction of the
paper sheet; a data collection unit for collecting the transmitted light data
of the optical sensor; a determination unit for determining the transmission

20
H of light or the blocking of light at each collection point; a recording unit
®

for recording a plurality of threshold values set according to the plurality
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AA  Collection line
BB  Rear end detection line
CC  Data non-collection domain

of collection points; and a data collection completion processing unit for
completing collection of the transmitted light data by the data collection
unit when the collection points at which light was determined by the de-
termination unit to be transmitted are continuous in the conveying direc-
tion, and when the number of continuous collection points is equal to or
greater than the threshold value for the continuous collection points, the
threshold value among the plurality of threshold values that corresponds
to the region at the rearmost end side of the paper sheet is smaller than the
threshold value corresponding to other regions.
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DESCRIPTION

SHEET INFORMATION COLLECTION DEVICE AND SHEET INFORMATION
COLLECTION METHOD

TECHNICAL FIELD
[0001]

The present invention relates to sheet information
collection devices and sheet information collection
methods. More specifically, the present invention relates
to a sheet information collection device suitable as a
sheet recognition device configured to acquire information,
including images, positions, and sizes, of sheets such as
banknotes, gift vouchers, cheques, and card-like media; and

a sheet information collection method.

BACKGROUND ART
[0002]

Sheets such as banknotes (printed money), gift
vouchers, and cheques have a variety of security
characteristics for anti-counterfeiting. For example,
although paper made of vegetable fibers is usually used for
sheets, paper made of synthetic fibers or a polymer sheet
made of synthetic resin may be used in order to improve the
properties such as durability, water resistance, and
security. Banknotes made of polymer sheets are called
polymer banknotes. Polymer banknotes having a clear window
(transparent window) are difficult to counterfeit.

[0003]

For collection of information of a sheet, an optical
sensor such as an optical line sensor is usually used. A
clear window 1s a transparent portion transmitting light
emitted from the optical sensor. A sheet having a
transparent portion may therefore need to undergo different

processes from a common sheet having no transparent
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portion.
[0004]

For example, Patent Literature 1 discloses a sheet
handling machine as a technique to prevent false detection
of abnormal transport due to an island-shaped window formed
in a banknote. The sheet handling machine stops operation
of identifying the passage of the rear edge portion at a
position corresponding to one transport path sensor during a
preset period from a time point when the absence of a
banknote is detected if the absence of the banknote is
detected after judgement of passage of the banknote at the
position corresponding to the one transport path sensor
among a plurality of transport path sensors disposed along a

transport path.

- Patent Literature
[0005]
Patent Literature 1: WO 2009/075015

- Technical Problem
[0006]

The size and/or position of a clear window of a sheet
may be out of the scope of the specification of a
conventional sheet handling machine. The sheet handling
machine in such a case may falsely determine the clear
window as the rear edge (the endmost edge) of the sheet,
stop collection of transmissive light data from an optical
sensor such as an optical line sensor, and falsely detect
the portion of the sheet coming after the clear window as
another sheet. For example, if a sheet has a wide, belt-
shaped clear window from one edge to the other edge in its
short edge direction, the technique disclosed in Patent

Literature 1 can cause false detection.
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[0007]

Actually, even if a clear window out of the scope of
the specification is determined to be present, for example,
the machine can be configured not to stop collection of
transmissive light data as long as the width of the region
in the transport direction is not greater than a
predetermined threshold. Still, the machine would falsely
determine the clear window as the rear edge of a sheet if
the clear window extends beyond the threshold, stopping
collection of transmissive light data. The threshold can
simply be increased, but then the following disadvantages
arise.

- The amount of collectable transmissive light data
increases as the threshold increases. However, the capacity
to store collected transmissive light data is usually
limited, and thus the maximum length of a sheet collectable
as data shortens.

- The distance regquired to detect chained sheets
increases as the threshold increases. This raises the need
to increase the distance between the transported sheets,
slowing down the process.

- The time required to collect transmissive light data
increases as the threshold increases. This lessens the time
that can be spared for processes such as recognition of the
type of a sheet, authentication of the sheet, and
determination of the fitness of the sheet.

[0008]

It is therefore desirable to provide a sheet
information collection device which can reduce extra data to
be collected after the detection of the rear edge of a sheet
and reduce false detection of the rear edge of a sheet
having a transparent portion; and a sheet information

collection method.
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SUMMARY OF INVENTION
[0009]

A first aspect of the present invention is a sheet
information collection device for collecting information of
a sheet comprising a transparent portion, the device
comprising: a transporter configured to transport the sheet;
an optical sensor configured to scan the transported sheet
in a transport direction and output transmissive light data
acquired at a plurality of collection points set in the
transport direction; a data collector configured to collect
the transmissive light data from the optical sensor; a
determiner configured to determine transmission or blocking
of light at each collection point based on the transmissive
light data; a memory configured to store thresholds for data
collection stop determination set for the collection points;
and a data collection stopper configured to stop collection
of the transmissive light data by the data collector when
the determiner determines that light is transmitted at
successive collection points in the transport direction and
the number of the successive collection points is egqual to
or greater than one of the thresholds for data collection
stop determination corresponding to the successive
collection points, wherein among the thresholds for data
collection stop determination, a threshold for data
collection stop determination corresponding to a rearmost
edge region of the sheet is smaller than the thresholds for
data collection stop determination corresponding to another
region.

[0010]

According to embodiments, the optical sensor comprises
an optical line sensor in which a plurality of pixels are
disposed in a line in a width direction perpendicular to the

transport direction.
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[0011]

According to embodiments, the memory further stores a
threshold for medium presence or absence determination, and
the determiner determines transmission or blocking of light
for transmissive light data successively acquired from the
line of pixels based on the transmissive light data from the
line of the pixels and the threshold for medium presence or
absence determination.

[0012]

According to embodiments, the transparent portion
extends from one edge to the other edge in the width
direction.

[0013]

According to embodiments, the sheet information
collection device is capable of collecting information of a
plurality of types of sheets each including a transparent
portion, and the data collection stopper switches among the
thresholds for data collection stop determination based on a
length in the transport direction of a sheet whose length in
the transport direction is the shortest among the plurality
of types of sheets.

[0014]

According to embodiments, the data collection stopper
switches among the thresholds for data collection stop
determination after the transparent portion is detected.
[0015]

According to embodiments, the sheet information
collection device is capable of collecting information of a
plurality of types of sheets each comprising a transparent
portion, and the data collection stopper switches among the
thresholds for data collection determination based on the
type of the target sheet.

[0016]

According to embodiments, the data collection stopper
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stops collection of the transmissive light data by the data
collector based on a threshold for data collection stop
determination corresponding to a region other than the
rearmost edge region of the sheet among the plurality of
thresholds for data collection stop determination.

[0017]

According to embodiments, the data collection stopper
stops collection of the transmissive light data by the data
collector based on a threshold for data collection stop
determination corresponding to a frontmost edge region of
the sheet without switching among the thresholds for data
collection stop determination.

[0018]

According to embodiments, the sheet information
collection device is capable of collecting information of a
plurality of types of sheets each comprising a transparent
portion, the memory stores thresholds for data collection
stop determination that are set for the respective types of
the sheets, and the data collection stopper switches among
the thresholds for data collection stop determination
according to the type of the target sheet.

[0019]

A second aspect of the present invention is a sheet
information collection method for collecting information of
a sheet comprising a transparent portion, the method
comprising: an output step of scanning the transported sheet
in a transport direction and outputting transmissive light
data at collection points set in the transport direction; a
collection step of collecting transmissive light data from
an optical sensor; a determination step of determining

transmission or blocking of light at each
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collection point based on the transmissive light data; and
a processing step of stopping collection of the
transmissive light data in the collection step based on
thresholds for data collection stop determination set for
the plurality of collection points, wherein the processing
Step comprises stopping collection of the transmissive
light data in the collection step when a determination is
made in the collection step that light is transmitted at
successive collection points in the transport direction and
the number of the successive collection points is egqual to
or greater than one of the thresholds for data collection
stop determination corresponding to the successive
collection points, and among the thresholds for data
collection stop determination, a threshold for data
collection stop determination corresponding to a rearmost
edge region of the sheet is smaller than the thresholds for
data collection stop determination corresponding to the

other regions.

- Advantageous Effects of Invention
[0020]

The sheet information collection device and the sheet
information collection method according to the present
invention can reduce extra data to be collected after the
detection of the rear edge of a sheet and reduce false
detection of the rear edge of a sheet having a transparent

portion.

BRIEF DESCRIPTION OF DRAWINGS
[0021]
Fig. 1 is a schematic perspective view showing the
external appearance of a sheet handling machine in
Embodiment 1.
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Fig. 2(a) is a view of the sheet information collection
device from a side, Fig. 2(b) is a view of the upper part
of the sheet information collection device from the lower
side (from the Z-axis negative side), and Fig. 2(c) is a
view of the bottom part of the sheet information collection
device from the upper side (from the Z-axis positive side).

Fig. 3 is a functional block diagram of the sheet
information collection device of Embodiment 1.

Fig. 4 is a schematic plan view of a sheet which has
a transparent portion and of which information is collected
by the sheet information collection device of Embodiment 1.

Figs. 5 are schematic views illustrating how the
sheet information collection device of Embodiment 1
acquires information; Fig. 5(a) is a plan view showing the
state where a sheet is transported along a transport path
in which an optical line sensor is disposed, and Fig. 5(b)
is a transmission image obtained from the collected
transmissive light data.

Figs. 6 are schematic views illustrating how a sheet
information collection device of Embodiment 2 acquires
information; Fig. 6(a) is a plan view showing the state
where a sheet is transported along a transport path in
which optical sensors are disposed, and Fig. 5(b) shows

output data from the optical sensors.

DESCRIPTION OF EMBODIMENTS
[0022]
(Embodiment 1)

Preferred embodiments of the sheet information
collection device and the sheet information collection
method according to the present invention are described in
detail below with reference to the attached drawings. The
sheet information collection device and the sheet
information collection method according to the present

invention can be utilized in a variety of fields. 1In the
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present embodiment, the sheet information collection device
and the sheet information collection method according to
the present invention are described based on an example in
which these device and method are applied to a sheet
recognition device utilizing sheet images for recognition
of the type-of a sheet, authentication of the sheet, and
reading of symbols such as characters printed on the sheet,
and to a sheet handling machine utilizing the sheet
recognition device. " In other words, the present embodiment
is an embodiment of a sheet information collection device
and a sheet information collection method which collect
image information as the information of a sheet.

[0023]

As shown in Fig. 1, a sheet handling machine 100 of
the present embodiment is used to deposit and dispense
sheets, and includes a sheet inlet 101, a sheet outlet 102,
an operation/display unit 103, and a sheet recognition
device (not 1llustrated). The operation/display unit 103
functions as an input device for inputting various pieces
of information required to use the sheet handling machine
100, and also functions as an output device for outputting
various pieces of information on the display.

[0024]

The sheet recognition device in the present
embodiment is used to capture an image of a banknote, a
cheque, or a gift voucher, for example, inside the sheet
handling machine 100. The sheet recognition device in the
present embodiment utilizes the image of the sheet captured
by a sheet information collection device including an
optical line sensor to recognize the type of the sheet (the
denomination, in the case of a banknote), authenticate the
sheet, determine the fitness of the sheet, or recognize the
type of a document of value such as a cheque or a gift
voucher. The sheet recognition device also utilizes the

image of the sheet to read the serial number of a banknote
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or characters printed on a document of value, for example.
[0025] ‘

The method and device to deposit and dispense a sheet
such as a banknote, the sheet recognition and character
recognition utilizing images of sheets such as banknotes,
and the device executing these processes can be
conventional techniques. Thus, the detailed description -
thereof will not be elaborated upon here. The details of
the sheet information collection device and the sheet
information collection method for capturing an image of a
sheet are described below.

[0026]

A sheet information collection device 10 of the
present embodiment includes, as shown in Figs. 2, a sensor
unit 11 including various sensors suited for recognition of
a sheet 1, the target of the process. The sensor unit 11
includes a timing sensor 12, a light source 13 for
reflection and a light source 14 for transmission, which
irradiate the sheet 1 with light such as infrared light or
visible light, and an optical line sensor 20 for acquiring
optical image information of the sheet 1. The sensor unit
11 also includes rollers 31 disposed to transport the sheet
1 along the transport path 15. The rollers 31 are driven
by a drive unit such as a motor, which is not illustrated,
and constitute a transporter 30. Each of the rollers 31 is
rotated by the drive unit, so that the sheet 1 having
entered the device 10 from the right side of the sensor
unit 11 is transported inside the sensor unit 11 in the X-
axis direction, and is ejected from the left side of the
sensor unit 11.

[0027]

The timing sensor 12 detects sheets 1 successively
transported into the sensor unit 11. The timing sensor 12
is usually a light-reflective or light-transmissive optical

sensor, but may be a sensor mechanically detecting passage
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of a sheet 1.
[0028]

The sensor unit 11 may appropriately include an
additional sensor as well as the optical line sensor 20 and
the timing sensor 12. A éuitable additional sensor 1is, for
example, a thickness detection sensor for measuring the
thickness of the . sheet 1, a magnetic sensor for determining
the magnetic characteristics of the sheet 1, or a
fluorescence sensor for detecting the fluorescent ink
portion of the sheet 1 by ultraviolet light irradiation.
[0029]

The optical line sensor 20 includes, as shown in Fig.
2(a), an image sensor 21 such as a CCD image sensor or a
CMOS image sensor, a rod lens array (array of transparent
tubular condenser lenses) 22 for leading light from the
sheet 1 passing therebelow to the image sensor 21, and a
light guide 23. The bottom face of the sensor case is made
of a transparent material and functions as a measurement
window 24. Light emitted from the light guide 23 extending
along the rod lens. array 22 travels through the measurement
window 24 and is reflected on the sheet 1. The reflected
light travels through the measurement window 24 and the rod
lens array 22 and is received by the image sensor 21.

[0030]

The optical line sensor 20 has, as shown in Fig.

2(b), a linear 'shape extending in the Y-axis direction, and
includes a plurality of photodetectors (pixels) 25 such as
photo diodes, which is disposed in the Y-axis direction and
constitutes the image sensor 21. The light guide 23 and
the rod lens array 22 are disposed at positions suited for
the image sensor 21. As shown in Fig. 2(b), the light
source 13 for reflection, such as LEDs, is disposed
adjacent to the light guide 23. Light from the light
source 13 for reflection is incident on the light guide 23.

The light guide 23 is configured to emit incident light in
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the Z-axis negative direction while guiding the incident
light in the Y-axis negative direction so as to emit light
toward the sheet 1. The light source 13 for reflection is
composed of members such as LEDs capable of emitting light
rays in different wavelength ranges, for example, and can
emit light in a selected wavelength range (e.g., green
light or infrared light).

[0031] '

As shown in Fig. 2(a) and Fig. 2(c¢), below the
optical line sensor 20 are provided one light guide 16 and
the light source 14 for transmission, such as LEDs,
adjacent to the light guide 16. Light from the light
source 14 for transmission is incident on the light guide
16, and the light guide 16 is configured to emit incident
light in the Z-axis positive direction while guiding the
incident light in the Y-axis negative direction so as to
emit light toward the sheet 1. The top face of the case
including the light guide 16 is made of a transparent
material and functions as an irradiation window 17. Light
is emitted from the light source 14 for transmission toward.
the sheet 1 through the light guide 16 and the irradiation
window 17. The light having passed through the sheet 1 is
then received by the image sensor 21 through the
measurement window 24 and the rod lens array 22. The light
source 14 for transmission is composed of members such as
LEDs capable of emitting light rays in different wavelength
ranges, for example, and can emit light in a selected
wavelength range (e.g., green light or infrared light).
[0032]

The light guide 23 for guiding light from the light
source 13 for reflection and emit the light toward the
sheet 1, the light guide 16 for guiding light from the
light source 14 for transmission and emit the light toward
the sheet 1, and the image sensor 21 for receiving light
reflected on the sheet 1 and light transmitted by the sheet
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1 are disposed as shown in Fig. 2(b) and Fig. 2(c) such
that the optical line sensor 20 can acquire a reflection
image and a transmission image of the entire surface of the
sheet 1 transported. The optical line sensor 20 scans the
transported sheet 1 in the transport direction to capture
an image of the entire surface of the sheet 1.
Specifically, the optical line sensor 20 captures an image
of the entire sheet 1 by successively capturing images of
the entire linear imaging target regions of the sheet 1 in
the Y-axis direction at the corresponding collection lines.
In the present embodiment, a collection line corresponds to
a collection point.

[0033]

The sheet information collection device 10 for
controlling the light source 13 for reflection, the light
source 14 for transmission, and the optical line sensor 20
is described. As shown in Fig. 3, the sheet information
collection device 10 includes a controller 40 and a memory
unit 50 as well as the configuration shown in Figs. 2. The
controller 40 includes a logical device such as a field
programmable gate array (FPGA) and includes a data
collector 41, a binarizer 42, a determiner 43, a data
collection stopper 44, a light source controller 45, a
sensor controller 46, and a media manager 47. To the
controller 40 is input a system clock, which gives the
basic frequency for operation of each portion, from a
source out of the device 10. The controller 40 utilizes
the system clock to determine the operation timing and
operation duration for each portion and execute the
process. The memory unit 50 is used to store data such as
a variety of thresholds and to store reflection image data
and transmission image data. The thresholds stored in the
memory unit 50 are externally rewritable via a
communication interface, which is not illustrated.

[0034]
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The data collector 41 collects output data including
reflected light data and transmissive light data from the
optical line sensor 20 at each collection line, executes a
predetermined process for the collected output data, and
stores the processed data as reflection image data and
transmission image data in the memory unit 50. A
reflection image and a transmission image of the sheet 1
are generated based on these data and used in processes
such as denomination recognition.

[0035]

The binarizer 42 binarizes each pixel of the
transmission image data generated by the data collector 41,
based on a threshold 51 for binarization stored in the
memory unit 50. In other words, each pixel of the
transmission image is converted into a blocking state
(black) or a transmission state (white). Thereby, the
transmission image of the sheet 1 is in the transmission
state in the later-described regions of clear windows 2a
and 2b, and in the blocking state in the other regions.
[0036]

The determiner 43 determines transmission or blocking
of light at each collection line based on the transmission
image data binarized by the binarizer 42 to determine
whether or not the sheet 1 is present at each collection
line.

[0037]

The data collection stopper 44 stops collection of
output data from the optical line sensor 20 by the data
collector 41 when the later-described given conditions (1)
to (3) hold.

[0038]

The light source controller 45 controls lighting of
each of the light sources 13 and 14. The control is active
lighting control, which successively turn on the light

sources 13 and 14 to capture sheet images using the
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respective light sources 13 and 14.
[0039]

The sensor controller 46 controls reception of light
by the image sensor 21 according to the timing when each of

the light sources 13 and 14 is turned on under the control

. of the light source controller 45. The sensor controller

46 also:controls the timing sensor 12 and generate, based
on the output signal from the timing sensor 12, a data
collection start signal for determining the timing when the
data collector 41 starts collection of output data from the
optical line sensor 20.

[0040]

The memory unit 50 includes memory devices such as
volatile or non-volatile memory devices and hard disks, and
is used to store various data necessary for the processes
executed in the sheet information collection device 10.
[0041]

The communication interface receives signals from the
outside of the sheet information collection device 10 and
transmits signals from the sheet information collection
device 10 to the outside. The communication interface can,
for example, receive a signal from the outside to change
the operation setting of the controller 40, update, add,
and delete software programs and data stored in the memory
unit 50, and output the information about the sheet 1
acquired by the sheet information collection device 10 and
the determination result made by the device 10 to the
outside.

[0042]

The sheet 1 whose information is collected by the
sheet information collection device 10 is described with
reference to Fig. 4. As shown in Fig. 4, the clear windows
2a and 2b are formed in the lower left portion and the
right portion on the sheet 1, respectively, as the

transparent potions 2 capable of transmitting light. The
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clear window 2a has an island shape and is surrounded by an
opaque portion 3. The clear window 2b has a belt shape and
extends entirely from one edge to the other edge in the
short edge direction (direction perpendicular to the
transport direction) of the sheet 1.

[0043]

The sheet 1 may be of any type and may be, for
example, a banknote, a gift voucher, a cheque, a document
of value, or a card-like medium. The paper used for
banknotes is usually paper made of vegetable fibers.

Still, in order to improve the properties such as
durability, water resistance, and security, paper made of
synthetic fibers or a polymer sheet made of synthetic resin
may be used. Banknotes made of polymer sheets are called
polymer banknotes. In the present embodiment, the sheet 1°
is preferably made of a polymer sheet because a synthetic
resin is preferred as a material of the transparent portion
2. The sheet 1 may also be a sheet (hybrid sheet) whose
transparent portion 2 is a polymer sheet and whose opaque
portion 3 is paper made of vegetable fibers or synthetic
fibers. The transparent portion 2 may partially include an
optically variable element such as a rainbow hologram.
[0044]

The process executed by the controller 40 is
described in more detail with reference to Figs. 5. A case
is described where the sheet 1, when being transported
along the transport path 15, is laid with its long edges
extending in the transport direction. The length in the
main scanning direction of the optical line sensor 20 is
designed to be about the same as the width of the transport
path 15, which is greater than the short-edge width of the
sheet 1. The optical line sensor 20 therefore can capture
an image of the entire surface of the sheet 1 transported
along the transport path 15. In Fig. 5(a), the banknote is
transported to the left.
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[0045]

The data collector 41 starts to collect, i.e., read,
the output data (output signals) from the optical line
sensor 20 based on the data collection start signal to
successively collect output data at the collection lines.
The output data at one line include transmissive light data
and reflected light data. Here, the sheet 1 may be
transported obliquely along the transport path 15. To
properly generate an image of the front edge of the sheet 1
even in such a case, the data collector 41 collects output
data also at a desired number of lines, e.g., a few lines,

before the sheet 1 passes near the optical line sensor 20.

The data collector 41 executes a predetermined process for

the transmissive light data and reflected light data
collected at each collection line, and stores the processed
transmissive light data and reflected light data in the
memory unit 50. The process executed by the data collector
41 is, for example, a process of averaging the output data
of every few pixels. The resolution of an image at each
collection liné may set lower than the resolution of the
optical line sensor 20 in the main scanning direction.
[0046]

How to stop collection of output data from the
optical line sensor 20 by the data collector 41 is
described. In the present embodiment, collection of output
data is stopped in any one of the following cases (1) to
(3) .

(1) The case where the rear edge of the sheet 1 is
detected.

(2) The case where the number of collection lines reaches
the maximum number of collection lines.

(3) The case where no collection line is determined to be
in the sheet present state before the number of collection
lines reaches a predetermined number.

First, the case (1) where the rear edge of the sheet
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1 is detected is described.
[0047]

The determiner 43 determines whether or not the sheet
1 is present at each collection line after a predetermined
collection line (e.g., after several collection lines).
Specifically, the determiner 43 references the transmission
image data binarized by the binarizer 42, compares the °
number of pixels in the light blocking state at each -
collection line and a threshold 52 for medium presence
determination stored in the memory unit 50, and determines
that a collection line where the number of pixels in the
light blocking state is equal to or greater than the
threshold 52 for medium presence determination is in a
sheet present state.

[0048]

The determiner 43 determines whether or not the sheet
1 is absent at each collection line after the collection
line determined to be in the sheet present state.
Specifically, the determiner 43 references the transmission
image data binarized by the binarizer 42, compares the
number of pixels in the light blocking state at each
collection line and a threshold 53 for media absence
determination stored in the memory unit 50, and determines
that a collection line where the number of pixels in the
light blocking state is not greater than the threshold 53
for media absence determination is in a sheet absent state.
[0049]

The threshold 52 for medium presence determination
and the threshold 53 for media absence determination are
set such that a collection line corresponding to the
island-shaped clear window 2a is determined to be in the
sheet present state. Hence, a collection line
corresponding to the clear window 2a can be designed such
that it is not determined to be in the sheet absent state.

Meanwhile, the determiner 43 determines that a collection
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line having captured an image of the belt-shaped clear
window 2b or a collection line having captured an image
behind the rear edge of the sheet 1, i.e., only a
background 4, are in the sheet absent state.

[0050]

The size or presence/absence of the island-shaped
clear window 2a may be different for different types of the
collection target sheets 1. In such a case, preferably,
the thresholds 52 for medium presence determination and the
thresholds 53 for media absence determination, which are
set for different types of sheets 1, are stored in the
memory unit 50, and the determiner 43 references the
threshold 52 for medium presence determination and the
threshold 53 for media absence determination corresponding
to the type of the target sheet 1. In other words, the
determiner 43 switches among the thresholds 52 for medium
presence determination and the thresholds 53 for media
absence determination to reference, based on the country of
the recognition target and the type of the target sheet 1.
[0051]

The data collection stopper 44 counts the (total)
number of collection lines determined to be in the sheet
absent state and compares the number with one of two
thresholds 54 and 55 for data collection stop determination
stored in the memory unit 50. When the number of
successive collection lines determined to be in the sheet
absent state exceeds the comparison target threshold 54 or
55 for data collection stop determination, i.e., when the
number becomes the comparison target threshold 54 or 55 for
data collection stop determination plus one, the data
collection stopper 44 determines that the rear edge of the
sheet 1 is detected, and stops collection of output data
from the optical line sensor 20 by the data collector 41.
[0052]

Which of the thresholds 54 and 55 for data collection
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stop determination should be the comparison target is
determined based on the collection line determined to be in
the sheet absent state. For example, the threshold 54 for
data collection stop determination is used for a region A
(lines) before a predetermined specific line C, and the
threshold 55 for data collection stop determination is used
for a region B (lines) after the specific line C. The
specific line C is set based on the position of the belt—
shaped clear window 2b and the size of the collection
target sheet 1 such that the clear window 2b does not
overlap the region B after the specific line C. The
threshold 54 for data collection stop determination is set
for the region A corresponding to the front edge side of
the sheet 1, and is greater than the number of lines
corresponding to the width of the clear window 2b in the
short edge direction (width of the clear window 2b in the
long edge direction of the sheet 1). This configuration
prevents the data collection stopper 44 from determining
the clear window 2b as the rear edge of the sheet 1 even
when collection lines are successively determined to be in
the sheet absent state due to the clear window 2b. The
threshold 54 for data collection stop determination may be
a number corresponding to several tens of lines, for
example.

[0053]

The threshold 55 for data collection stop
determination is set for the region B corresponding to the
rear edge side of the sheet 1, and is smaller than the
other threshold 54. Thus, in the case where collection
lines are successively determined to be in the sheet absent
state due to passage of the rear edge of the sheet 1, the
data collection stopper 44 determines that the rear edge of
the sheet 1 is detected when the (total) number of the
collection lines exceeds the small threshold 55 for data

collection stop determination, and stops collection of
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output data from the optical line sensor 20 by the data
collector 41. The threshold 55 for data collection stop
determination may be a number corresponding to several
lines, for example.

[0054]

- The data collection stopper 44 may switch between the
thresholds 54 and 55 for data collection stop determination
to reference, i.e., switch the threshold to reference from
the threshold 54 for data collection stop determination to
the threshold 55 for data collection stop détermination,
based on the length in the transport direction of a sheet 1
whose length in the transport direction is the shortest
among all the types of collection target sheets 1.
Specifically, the specific line C is preferably set within
the range that does not exceed the length in the transport
direction of the sheet 1 whose length in the transport
direction is the shortest.

[0055]

The size or presence/absence of the belt-shaped clear
window 2b may be different for different types of the
collection target sheet 1. In such a case, preferably, the
specific lines C, which are set for different types of
sheets 1, are stored in the memory unit 50, and the data
collection stopper 44 references a specific line C
corresponding to the type of the target sheet 1. 1In other
words, the data collection stopper 44 preferably switches
among the specific lines C to reference based on the
country of the recognition target and the type of the
target sheet 1. Also in this case, preferably, the
thresholds 54 and 55 for data collection stop
determination, which are set for different types of sheets
1, are stored in the memory unit 50, and the data
collection stopper 44 references the threshold 54 or 55 for
data collection stop determination corresponding to the

type of the target sheet 1. In other words, the data
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collection stopper 44 preferably switches between the
thresholds 54 and 55 for data collection stop determination
to reference, i.e., switch the threshold to reference from
the threshold 54 for data collection stop determination to
the threshold 55 for data collection stop determination,
based on the country of the recognition target and the type"
of the target sheet 1. R

[0056]

The sheet information collection device 10 may
further include a detection portion for detecting the
presence or absence of the transparent portion 2 such as
the clear window 2b. The data collection stopper 44 may,
after detection of the transparent portion 2, preferably
the belt-shaped clear window 2b, switch between the
thresholds 54 and 55 for data collection stop determination
to reference, i.e., switch the threshold to reference from
the threshold 54 for data collection stop determination to
the threshold 55 for data collection stop determination.
[0057]

The case (2) where the number of collection ‘lines
reaches the maximum number of collection lines is -
described.

In this case, the data collection stopper 44 stops
collection of output data from the optical line sensor 20
by the data collector 41 when the (total) number of
collection lines reaches the collectable and storable
maximum number of lines without the rear edge of the sheet
1 is detected. The maximum number of collection lines is
set as appropriate according to the capacity of the memory
unit 50 and other conditions, but is at least greater than
the number of lines corresponding to the width in the long
edge direction of the Sheet 1.

[0058]
The case (3) where no collection line is determined

to be in the sheet present state before the number of
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collection lines reaches a predetermined number is
described.

In this case, the data collection stopper 44 stops
collection of output data from the optical line sensor 20
by the data collector 41 when no collection line is
determined to be in the sheet present state before the
number - of collection lines reaches a predetermined number
of lines. The predetermined number of lines can be set as
appropriate within the range not exceeding the maximum
number of collection lines, and may be, for example,
several tens of lines.

[0059]
(Embodiment 2)

In the present embodiment, the features unique to the
present embodiment are mainly described, and the same
points as in Embodiment 1 are not elaborated upon below.
The members having the same or similar function in the
present embodiment and Embodiment 1 are provided with the
same reference sign, and are not elaborated upon in the

present embodiment. The present embodiment is

substantially the same as Embodiment 1, except for the

following points.
[0060]

In the present embodiment, a case 1is described where
the optical sensor used is a timing sensor. In other
words, in the present embodiment, how to collect
information such as the position and size of a sheet as the
sheet information is described.

[0061]

A case is described where, as shown in Fig. 6(a), two
light transmissive optical sensors 12a and 12b are disposed
as the timing sensor 12 in the transport path 15, and the
sheet 1, when being transported along the transport path
15, is laid with its long edges extending in the transport

direction. The number of the light transmissive optical
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sensors is not particularly limited, and may be three or
more. The optical sensor 12a is disposed at a position
where the clear window 2b passes. The optical sensor 12b
is disposed at a position where the clear windows 2a and 2b
pass. This enables the optical sensor 12a to detect the
clear window 2b, and the optical sensor 12b to detect the
clear windows 2a and 2b. In Fig. 6(a), the banknote is
transported to the left.

[0062]

Fig. 6(b) shows the output signals (detection
signals), the upper ones from the optical sensor 12a and
the lower ones from the optical sensor 12b. In both
graphs, the horizontal axis represents the distance or
position (collection point), while the vertical axis
represents the level of transmission of light detected as a
signal, with the higher level indicating the transmission
level and the lower level indicating the blocking level.
[0063]

The clear window 2b passes the position of the
optical sensor 12a as shown in Fig. 6(a). Thus, as shown
in Fig. 6(b), the detection signal from the optiCal sensor
12a is at the blocking level at the collection point where
the front edge of the sheet 1 reaches the position of the
optical sensor 12a, the transmission level at the
collection point where the front edge of the clear window
2b reaches the position of the optical sensor 12a, the
blocking level at the collection point where the rear edge
of the clear window 2b reaches the position of the optical
sensor l2a, and the transmission level at the collection
point where the rear edge of the sheet 1 reaches the
position of the optical sensor 12a.

[0064]

The clear windows 2a and 2b pass the position of the

optical sensor 12b as shown in Fig. 6(a). Thus, as shown

in Fig. 6(b), the detection signal from the optical sensor
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12b is at the blocking level at the collection point where
the front edge of the sheet 1 reaches the position of the
optical sensor 12b, the transmission level at the

collection point where the front edge of the clear window

2a reaches the position of the optical sensor 12b, the

" blocking level at the collection point where the rear edge

of the clear window 2a reaches the position of the optical
sensor 12b, the transmission level at the collection point
where the front edge of the clear window 2b reaches the
position of the optical sensor 12b, the blocking level at
the collection point where the rear edge of the clear
window 2b reaches the position of the optical sensor 12b,
and the transmission level at the collection point where
the rear edge of the sheet 1 reaches the position of the
optical sensor 12b.

[0065]

The data collector 41 starts to collect, i.e., read,
the output data (output signals) from the optical sensors
12a and 12b based on the instruction from the sheet
handling machine 100 to collect output data at each
collection point. The data collector 41 stores the
collected output data in the memory unit 50.

[0066]

The determiner 43 determines whether or not the sheet
1 is present at each collection point based on the
collected output data from the optical sensors 12a and 12b.
The determiner 43 determines that a collection point where
the signal from at least one of the optical sensors 1l2a and
12b is at the blocking level is in the sheet present state,
and determines that a collection point where all the
signals from the optical sensors 12a and 12b are at the
transmission level is in the sheet absent state.

[0067] )
The data collection stopper 44 counts the (total)

number of collection points determined to be in the sheet
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absent state and compares the number with the relatively
large threshold 54 for data collection stop determination
or the relatively small threshold 55 for data collection
stop determination, which are stored in the memory unit 50.
When the number of successive collection points determined
to be in the sheet absent state exceeds the threshold 55
for data collection stop determination as in Embodiment 1,
the data collection stopper 44 determines that the reaf
edge of the sheet 1 is detected, and stops collection of
output data from the optical sensors 12a and 12b by the
data collector 41.

[0068]

As described above, the sheet information collection
device 10 of the embodiment includes the memory unit 50 and
the data collection stopper 44. The memory unit 50 stores
the thresholds for data collection stop determination set
for the collection points. The data collection stopper 44
stops collection of transmissive light data by the data
collector 41 when the determiner 43 determines that
successive collection points in the transport direction are
in the light transmission state and the number of the -
successive collection points is equal to or greater than
one of the thresholds for data collection stop
determination corresponding to the successive collection
points. Among the thresholds for data collection stop
determination, the threshold 55 for data collection stop
determination corresponding to the rearmost edge region of
the sheet is smaller than the thresholds for data
collection stop determination corresponding to the other
regions. Hence, the small threshold 55 can be used to
detect the rear edge of the sheet 1, while a large
threshold for data collection stop determination other than
the threshold 55 can be used to detect a transparent
poition. Thereby, the sheet information collection device

10 can reduce extra transmissive light data to be collected
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after the detection of the rear edge of a sheet and reduce
false detection of the rear edge of a sheet 1 having a
transparent portion 2.

[0069]

Also, since extra transmissive light data to be
collected can be reduced, the following effects (1) to (3)
can be achieved even when a sheet 1 including a region
undetectable as a medium is present.

(1) Information of the sheet 1 can be collected
without shortening the maximum length in the transport
direction of the sheet 1 whose transmissive light data can
be collected, as compared with the conventional settings.

(2) Information of a sheet 1 can be collected without
lengthening the minimum detectable distance between chained
sheets, as compared with the conventional settings.

(3) About the same time as in a conventional case can
be spared for processes such as recognition of the type of
a sheet, authentication of the sheet, and determination of
the fitness of the sheet.

[0070]

Embodiments of the present invention have been
described with reference to the drawings. The embodiment,
however, is not intended to limit the scope of the present
invention. The configurations of the embodiments may
appropriately be combined or modified within the spirit of
the present invention.

[0071]
{(Modified Embodiment)

In the above embodiments, the cases were described
where the long edges of the transported sheet 1 extend in
the transport direction. Yet, the short edges of the sheet
1 may extend in the transport direction. This embodiment
is suitable for a sheet 1 that includes the transparent
portion 2 from one edge to the other edge in the transport

direction (long edge direction).
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[0072]

In the above embodiments, the cases were described
where the thresholds 54 and 55 for data collection stop
determination were set for the respective two regions
divided in the transport direction. Yet, the data
collection stopper 44 may stop collection of output data
from the optical line sensor 20 by the data collector 41
based on three or more thresholds for data collection stop
determination set for three or more regions divided in the
transport direction.

[0073]

In the above embodiments, the cases were described
where collection of output data is stopped based on the
smallest threshold 55 for data collection stop
determination among the thresholds for data collection stop
determination. Yet, the data collection stopper 44 may
stop collection of output data from the optical line sensor
20 by the data collector 41 based on a threshold for data
collection stop determination other than the smallest
threshold 55 for data collection stop determination .among
the thresholds for data collection stop determination, or
based on a threshold for data collection stop determination
set for the region corresponding to the front edge side of
the sheet 1.

INDUSTRIAL APPLICABILITY
[0074]
The present invention is therefore a useful technique
to collect information of a sheet including a transparent

portion.

REFERENCE SIGNS LIST
[0075]
1: sheet

2: transparent portion
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2b: clear window

3: opaque portion

4: background

10: sheet information collection device
11: sensor unit

12: timing sensor

12a, 12b: optical sensor

13: light source for reflection
14: light source for transmission
15: transport path

16: light guide

17: irradiation window

20: optical line sensor

21: image sensor

22: rod lens array

23: light guide

24: measurement window

25: photodetector (pixel)

30: transporter

31: roller

40: controller

41: data collector

42: binarizer

43: determiner

44: data collection stopper

45: light source controller

46: sensor controller

47: media manager

50: memory unit

51: threshold for binarization

52: threshold for medium presence determination

53: threshold for medium absence determination

54, 55: threshold for data collection stop determination
100: sheet handling machine

101: sheet inlet
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102: sheet outlet

103: operation/display unit
A, B: region

C: specific line

N: maximum collection line

30
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CLAIMS

Claim 1. A sheet information collection device for
collecting information of a sheet comprising a transparent
portion, the device comprising:

a transporter configured to transport the sheet;

an optical sensor configured to scan the transported
sheet in a transport direction and output transmissive
light data acquired at a plurality of collection points set
in the transport direction;

a data collector configured to collect the
transmissive light data from the optical sensor;

a determiner configured to determine transmission or
blocking of light at each collection point based on the
transmissive light data;

a memory configured to store thresholds for data
collection stop determination corresponding to the
collection points; and

a data collection stopper configured to stop
collection of the transmissive light data by the data
collector when the determiner determines that light is
transmitted at successive collection points in the
transport direction and the number of the successive
collection points is equal to or greater than one of the
thresholds for data collection stop determination
corresponding to the successive collection points,

wherein among the thresholds for data collection stop
determination, a threshold for data collection stop
determination corresponding to a rearmost edge region of
the sheet is smaller than the thresholds for data
collection stop determination corresponding to another

region.

Claim 2. The sheet information collection device

according to claim 1,
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wherein the optical sensor comprises an optical line
sensor in which a plurality of pixels are disposed in a
line in a width direction perpendicular to the transport

direction.

Claim 3. The sheet information collection device
according to claim 2,

wherein the memory further stores a threshold for
medium presence or absence determination, and

the determiner determines transmission or blocking of
light for transmissive light data successively acguired
from the line of pixels based on the transmissive light
data from the line of the pixels and the threshold for

medium presence or absence determination.

Claim 4. The sheet information collection device
according to claim 2 or 3,
wherein the transparent portion extends from one edge

to the other edge in the width direction.

Claim 5. The sheet information collection device
according to any one of claims 1 to 4,

wherein the sheet information collection device is
capable of collecting information of a plurality of types
of sheets each comprising a transparent portion, and

the data collection stopper switches among the
thresholds for data collection stop determination based on
a length in the transport direction of a sheet whose length
in the transport direction is the shortest among the

plurality of types of sheets.

Claim 6. The sheet information collection device
according to any one of claims 1 to 5,
wherein the data collection stopper switches among

the thresholds for data collection stop determination after
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the transparent portion is detected.

Claim 7. The sheet information collection device
according to any one of claims 1 to 6,

wherein the sheet information collection device is
capable of collecting information of a plurality of types
of sheets each comprising a transparent portion, and

the data collection stopper switches among the
thresholds for data collection determination based on the

type of the target sheet.

Claim 8. The sheet information collection device
according to any one of claims 1 to 7,

wherein the data collection stopper stops collection
of the transmissive light data by the data collector based
on a threshold for data collection stop determination
corresponding to a region other than the rearmost edge
region of the sheet among the plurality of thresholds for

data collection stop determination.

Claim 9. The sheet information collection device
according to any one of claims 1 to 8,

wherein the data collection stopper stops collection
of the transmissive light data by the data collector based
on a threshold for data collection stop determination
corresponding to a frontmost edge region of the sheet
without switching among the thresholds for data collection

stop determination.

Claim 10. The sheet information collection device
according to any one of claims 1 to 9,

wherein the sheet information collection device is
capable of collecting information of a plurality of types
of sheets each comprising a transparent portion,

the memory stores thresholds for data collection stop
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determination that are set for the respective types of
sheets, and

the data collection stopper switches among the
thresholds for data collection stop determination according

to the type of the target sheet.

Claim 11. A sheet information collection method for
collecting information of a sheet comprising a transparent
portion, the method comprising:

an output step of scanning the transported sheet in a
transport direction and outputting transmissive light data
at a plurality of collection points set in the transport
direction;

a collection step of collecting the transmissive
light data from an optical sensor;

a determination step of determining transmission or
blocking of light at each collection point based on the
transmissive light data; and

a processing step of stopping collection of the
transmissive light data in the collection step based on
thresholds for data collection stop determination set for
the plurality of collection points,

wherein the processing step comprises stopping
collection of the transmissive light data in the collection
step when a determination is made in the collection step
that light is transmitted at successive collection points
in the transport direction and the number of the successive
collection points is equal to or greater than one of the
thresholds for data collection stop determination
corresponding to the successive collection points, and

among the thresholds for data collection stop
determination, a threshold for data collection stop
determination corresponding to a rearmost edge region of
the sheet is smaller than the thresholds for data

collection stop determination corresponding to the other
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