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(54) IMAGE ACQUISITION DEVICE, SHEET HANDLING DEVICE, BANKNOTE HANDLING DEVICE, 
AND IMAGE ACQUISITION METHOD

(57) The present invention provides an image acqui-
sition device, a sheet handling device, a banknote han-
dling device, and an image acquisition method enabling
acquisition of an image from which a feature of a sheet
is detectable in an opaque portion and an image from
which a feature of the sheet is detectable in a transparent
portion. The image acquisition device includes a light re-
ceiving unit and an image generating unit. The light re-
ceiving unit receives a first transmitted light generated
by transmission of a first emitted light having a first quan-
tity of light through a sheet to output a first image signal
and receives a second transmitted light generated by
transmission of a second emitted light having a second
quantity of light through the sheet to output a second
image signal. The image generating unit generates a first
transmission image from the first image signal and gen-
erates a second transmission image from the second im-
age signal. The second quantity of light is set to be smaller
than the first quantity of light.
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Description

TECHNICAL FIELD

[0001] The present invention relates to image acquisi-
tion devices, sheet handling devices, banknote handling
devices, and image acquisition methods. The present
invention specifically relates to an image acquisition de-
vice, a sheet handling device, a banknote handling de-
vice, and an image acquisition method suitable for de-
tecting a feature of a sheet having a transparent portion.

BACKGROUND ART

[0002] Sheets such as banknotes (printed money), gift
vouchers, and checks have a variety of security features
for anti-counterfeiting. For example, although paper usu-
ally used for sheets is made of vegetable fibers, paper
made of synthetic fibers or a polymer sheet made of syn-
thetic resin may be used in order to improve the proper-
ties such as durability, water resistance, and security.
Banknotes made of polymer sheets are called polymer
banknotes and are difficult to counterfeit.
[0003] In collection of features such as the external
shape and the presence or absence of a sheet, an optical
sensor such as an optical line sensor is usually used. A
transparent portion transmits light emitted from the opti-
cal sensor, and a sheet having a transparent portion may
therefore need to undergo different processes from a
common sheet having no transparent portion.
[0004] For example, JP 2013-77163 A discloses an
optical reading device and a sheet handling device that
irradiate one surface of a sheet with light beams at dif-
ferent wavelengths from two different light sources and
receive light beams emitted in such irradiation and
passed through the sheet to achieve detection of a wa-
termarked image on the sheet and detection of the shape
and the presence or absence of a defect at the same
stage.

SUMMARY OF INVENTION

[0005] In recognition of information such as the type
and the authenticity of a sheet with the use of an image
of the sheet, the image is usually taken by an image ac-
quisition device including an optical line sensor. A trans-
parent portion of the sheet transmits light, such as infra-
red light, emitted from a light source of the image acqui-
sition device. Thus, also in this case, a sheet having a
transparent portion needs to undergo different processes
from a common sheet having no transparent portion.
[0006] Specifically, in processing of recognizing a
sheet, the external shape (outline) of the sheet first needs
to be detected (extracted) from image data based on an
output of the optical line sensor. In other words, the image
based on the output of the optical line sensor includes
not only the sheet but also the background thereof (a
region other than the sheet), and the region correspond-

ing to the sheet in the overall image needs to be specified
and the external shape of the region needs to be extract-
ed. Still, in the case of a sheet having a transparent por-
tion, the region corresponding to the sheet may not be
correctly extracted from the overall image.
[0007] For example, when a transmission image of a
banknote having a transparent portion is taken using in-
frared light in order to detect a feature of ink of the ban-
knote in its opaque portion, the infrared light may pass
through the transparent portion and a transmissive image
210 as illustrated in FIG. 8 may be obtained. In this image,
a transparent region 212, which corresponds to the trans-
parent portion, in a medium region 211, which corre-
sponds to the banknote, may be assimilated into a back-
ground region 213, which corresponds to the region other
than the banknote. This is because, in order to detect a
feature of ink in an opaque region 214 corresponding to
the opaque portion, the quantity of light applied to the
banknote needs to be high so that the output of a light
receiving unit of an optical line sensor is high. In this case,
the output of the light receiving unit in the transparent
portion is saturated. In the case as illustrated in FIG. 8,
the banknote may be misrecognized as being torn into
two pieces. Even when the transparent portion of the
banknote has a shading pattern, this shading pattern can-
not be detected from the transmission image 210 includ-
ing the transparent region 212 because the transparent
region 212 is a saturated region. Similarly, even when
the transparent portion of the banknote has a defect, this
defect in the transparent portion cannot be detected from
the transmission image 210 including the transparent re-
gion 212.
[0008] Further, even when light of different wave-
lengths is applied to a sheet having a transparent portion
as disclosed in JP 2013-77163 A, transmissive light alone
of such light of different wavelengths fails to enable cor-
rect detection of the external shape and the presence or
absence of a variety of sheets having a transparent por-
tion and to enable correct detection of the shading pattern
and the presence or absence of a defect in the transpar-
ent portion. For example, when a banknote is irradiated
with visible light and infrared light each at a quantity of
light that enables detection of a feature of ink in an opaque
portion, the output of the light receiving unit is saturated
for each light in the transparent portion which has a high
transmittance, causing a failure in detecting the external
shape.
[0009] As described above, conventional techniques
need to be improved in order to utilize an image of a sheet
to detect any features of the sheet, such as the external
shape and the presence or absence of the sheet, a fea-
ture of ink, the shading pattern, and the presence or ab-
sence of a defect, in not only an opaque portion but also
a transparent portion.
[0010] In response to the above issues, an object of
the present invention is to provide an image acquisition
device, a sheet handling device, a banknote handling
device, and an image acquisition method enabling ac-
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quisition of an image from which a feature of a sheet is
detectable in an opaque portion and an image from which
a feature of the sheet is detectable in a transparent por-
tion.
[0011] In order to solve the above issues and to
achieve the objects, one aspect of the present invention
is an image acquisition device comprising: a light source
configured to emit light to a sheet; a light receiving unit
configured: to receive a first transmitted light generated
by transmission of a first emitted light having a first quan-
tity of light through the sheet to output a first image signal,
the first emitted light being emitted from the light source;
and to receive a second transmitted light generated by
transmission of a second emitted light having a second
quantity of light through the sheet to output a second
image signal, the second emitted light being emitted from
the light source; and an image generating unit configured:
to generate a first transmission image from the first image
signal; and to generate a second transmission image
from the second image signal, wherein the second quan-
tity of light is set to be smaller than the first quantity of light.
[0012] In the above aspect of the present invention,
the first quantity of light is set to a quantity of light at which
the first transmission image includes a saturated region,
and the second quantity of light is set to a quantity of light
at which a region in the second transmission image cor-
responding to the saturated region is unsaturated.
[0013] In the above aspect of the present invention,
the saturated region is a region where an image signal
has a maximum output, and the quantity of light at which
a region is unsaturated is a quantity of light at which an
image signal has an output lower than the maximum out-
put.
[0014] In the above aspect of the present invention,
the image acquisition device further comprises a control
unit configured to control the light source and the image
generating unit, wherein the control unit is configured: to
control the light source to emit the first and second emit-
ted lights in accordance with timings such that the first
and second emitted lights are emitted one after the other
in a cyclic manner, and to control the image generating
unit to read out the first and second image signals from
the light receiving unit synchronously with the timings of
emitting of the first and second emitted lights.
[0015] In the above aspect of the present invention,
the light receiving unit is configured to receive light emit-
ted from the light source in the absence of the sheet to
output a third image signal, the image generating unit is
configured to generate a reference waveform from the
third image signal, and the second quantity of light is set
to allow the reference waveform to satisfy a predeter-
mined condition.
[0016] In the above aspect of the present invention,
the light receiving unit is configured to receive light gen-
erated by transmission of light emitted from the light
source through a reference medium to output a fourth
image signal, the image generating unit is configured to
generate a reference medium waveform from the fourth

image signal, and the first quantity of light is set based
on a transmittance of the reference medium calculated
from the reference medium waveform.
[0017] In the above aspect of the present invention,
the first quantity of light is set such that the transmittance
of the reference medium as a whole is uniform.
[0018] In the above aspect of the present invention,
the sheet is a banknote, a gift voucher, or a check having
a transparent portion, and the image generating unit is
configured to generate a transmission image including
an image of the transparent portion.
[0019] In the above aspect of the present invention,
the transparent portion is a portion having a transmit-
tance of not lower than 30% and not higher than 90%
with respect to the first emitted light.
[0020] In the above aspect of the present invention,
the light source is configured to emit infrared light to the
sheet.
[0021] In the above aspect of the present invention,
the ratio of the second quantity of light to the first quantity
of light is not less than 1/16 and not more than 1/4.
[0022] In the above aspect of the present invention,
the light source is configured to emit visible light to the
sheet.
[0023] Another aspect of the present invention is a
sheet handling device comprising the above image ac-
quisition device.
[0024] Another aspect of the present invention is a ban-
knote handling device comprising the above image ac-
quisition device.
[0025] Another aspect of the present invention is an
image acquisition method comprising: receiving a first
transmitted light generated by transmission of a first emit-
ted light having a first quantity of light through a sheet to
output a first image signal, the first emitted light being
emitted from a light source; receiving a second transmit-
ted light generated by transmission of a second emitted
light having a second quantity of light through the sheet
to output a second image signal, the second emitted light
being emitted from the light source; generating a first
transmission image from the first image signal; and gen-
erating a second transmission image from the second
image signal, wherein the second quantity of light is set
to be smaller than the first quantity of light.
[0026] The image acquisition device, the sheet han-
dling device, the banknote handling device, and the im-
age acquisition method of the present invention enables
acquisition of an image from which a feature of a sheet
is detectable in an opaque portion and an image from
which a feature of the sheet is detectable in a transparent
portion.

BRIEF DESCRIPTION OF DRAWINGS

[0027]

FIG. 1 includes schematic plan views of an exem-
plary banknote having a transparent portion; FIG.
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1(a) illustrates a front surface and FIG. 1(b) illus-
trates a back surface.
FIG. 2 includes schematic views illustrating the sum-
mary of Embodiment 1; FIG. 2(a) is a schematic view
of an exemplary transmission image of a banknote
obtained by applying light having a relatively large
quantity of light and FIG. 2(b) is a schematic view of
an exemplary transmission image of a banknote ob-
tained by applying light having a relatively small
quantity of light.
FIG. 3 is a schematic perspective view of the external
appearance of a banknote handling device of Em-
bodiment 1.
FIG. 4 is a schematic cross-sectional view of the
structure of an imaging unit of a banknote recognition
device (image acquisition device) of Embodiment 1.
FIG. 5 is a block diagram of a structure of the ban-
knote recognition device (image acquisition device)
of Embodiment 1.
FIG. 6 is a timing chart of exemplary control of light
sources by a light source control unit and exemplary
control of readout of signals from line sensors by a
sensor control unit in Embodiment 1.
FIG. 7 is a flowchart of a procedure of acquiring a
transmission image using infrared light in the ban-
knote recognition device (image acquisition device)
and an image acquisition method of Embodiment 1.
FIG. 8 is a schematic view of an exemplary trans-
mission image of a banknote.
FIG. 9 is a timing chart of exemplary control of light
sources by a light source control unit and exemplary
control of readout of signals from line sensors by a
sensor control unit in a modified embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0028] Preferred embodiments of the image acquisi-
tion device, the sheet handling device, the banknote han-
dling device, and the image acquisition method of the
present invention are described below with reference to
the drawings. Examples of the sheet to be detected in
the present invention include banknotes, checks, gift
vouchers, bills, ledgers, documents of value, and card-
like media. In other words, the banknote handling device
is an embodiment of the sheet handling device. In the
following, the present invention is described with devices
and methods for banknotes taken as examples. De-
scribed in the following as a preferred embodiment of the
image acquisition device of the present invention is a
banknote recognition device also having a function of an
image acquisition device. The banknote recognition de-
vice may be a device constituting part of the banknote
handling device, or may be a device separate from and
not associated with the banknote handling device. De-
scribed in the following are examples of a banknote de-
tection device (image acquisition device), a banknote
handling device, and an image acquisition method.

[0029] In the description, the term "reflection image"
means an image based on the intensity distribution of
light generated from light applied to and reflected on a
sheet. The term "transmission image" means an image
based on the intensity distribution of light generated from
light applied to and passed through a sheet.

(Banknote to be handled)

[0030] A banknote to be handled in the present em-
bodiment is described here. The banknote to be handled
is preferably a polymer banknote having a transparent
portion such as a clear window that transmits light such
as infrared light and visible light applied. In the present
embodiment, a banknote having no transparent portion,
such as a paper banknote, may also be handled. Pre-
ferred among paper banknotes are a medium having a
highly transmissive watermark and a medium having a
high transmittance such as an oil-stained banknote. The
transparent portion is preferably made from a synthetic
resin (polymer). Thus, the banknote to be handled is pref-
erably formed from a polymer sheet. The banknote to be
handled may also be a sheet (hybrid banknote) whose
transparent portion is formed from a polymer sheet and
whose opaque portion is formed from paper made of veg-
etable fibers or synthetic fibers. As described here, the
base material of the banknote to be handled is preferably
a polymer or a composite of paper and a polymer. The
transparent portion may partially include an optically var-
iable device (OVD) such as rainbow hologram.
[0031] FIG. 1 illustrates a banknote BN1 that is an ex-
emplary banknote to be handled. As illustrated in FIGs.
1(a) and 1(b), the banknote BN1 includes a band-shaped
transparent portion BNla at a central portion in the lon-
gitudinal direction and opaque portions BN1b at both
sides of the transparent portion BN1a. The transparent
portion BNla may be a region having an infrared (e.g.,
wavelength range: 760 to 1100 nm) transmittance of not
lower than 30% and not higher than 90%, for example,
and the front and back surfaces thereof have respective
patterns printed thereon. The opaque portions BNlb each
may be a region having an infrared transmittance of not
higher than 10%, for example, and the front and back
surfaces thereof have respective patterns, such as a por-
trait or the denomination thereof, printed thereon. Each
of the patterns on the transparent portion BNla and the
opaque portions BNlb is at least partially printed with in-
frared absorption ink, so that the pattern is a shading
pattern including regions having different infrared trans-
mittances.

(Summary of the present embodiment)

[0032] With reference to FIG. 2 and FIG. 8, the sum-
mary of the present embodiment is described. When a
transmission image of a banknote BN1 having a trans-
parent portion BNla is acquired in a conventional case,
for example, the output of a transparent region 212 cor-
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responding to the transparent portion BNla may be sat-
urated and the region may exhibit highlight clipping, as
illustrated in FIG. 8. In this case, a feature of the trans-
parent portion BNla may not be obtained. This is because
light having a relatively large quantity of light needs to be
applied to the banknote BN1 so as to enable extraction
of a feature of ink at the opaque portion BN1b.
[0033] Thus, in acquiring a transmission image of a
banknote BN1 having a transparent portion BNla in the
present embodiment, light (for extracting a feature of ink)
having a common quantity of light as in conventional cas-
es and light having a small quantity of light (e.g., 200 digit
relative to 255 digit at saturation) that does not cause
saturation of the output at a transmittance of 100% (in a
medium-absent state) are applied to the banknote BN1,
so that two transmission images are acquired. Thereby,
the former light having a common quantity of light leads
to a transmission image 210, as illustrated in FIG. 2(a),
in which the output of the transparent region 212 corre-
sponding to the transparent portion BNla is saturated to
cause highlight clipping as in a conventional case, while
a feature of ink is imaged in the opaque regions 214 cor-
responding to the opaque portions BN1b. Thus, the trans-
mission image 210 enables detection of a feature of ink
in the opaque portions BNlb and the presence or absence
of a defect in the opaque portions BN1b. The latter light
having a small quantity of light leads to a transmission
image 220, as illustrated in FIG. 2(b), in which the output
of the transparent region 222 corresponding to the trans-
parent portion BNla is unsaturated and a feature of the
transparent portion BNla is imaged. This can prevent as-
similation of the transparent region 222 to a background
region 223 (a region other than a medium region 221)
corresponding to a region other than the banknote BN1
(a region where the banknote BN1 is absent) and enables
detection of connection of the two opaque regions 224
(opaque portions BN1b), which enables precise detec-
tion of the external shape of the medium region 221 cor-
responding to the banknote BN1. The transmission im-
age 220 enables detection of the shading pattern of the
transparent portion BNla and the presence or absence
of a defect in the transparent portion BN1a. For the latter
transmission image 220, the light applied to the opaque
portions BNlb has a small quantity of light. Thus, no fea-
ture of ink may be imaged and shadow clipping may occur
in the opaque regions 224 corresponding to the opaque
portions BN1b. The transparent portion BNla is prefera-
bly a portion having a transmittance of not lower than
30% with respect to light emitted from the light source of
the banknote recognition device (image acquisition de-
vice) of the present embodiment, and may be a portion
having a transmittance of not lower than 30% and not
higher than 90%. When light applied has a quantity of
light that enables extraction of a feature of ink at the
opaque portions BNlb and the transparent portion BNla
has a transmittance of not lower than 30%, the output of
the transparent region may be saturated. Still, as in the
present embodiment, light having a smaller quantity of

light can lead to a transmission image in which the output
of the transparent region is unsaturated. In contrast, if
the transparent portion BNla has a transmittance of high-
er than 90%, no threshold for determining the presence
or absence of a medium may be obtained.

(Structure of banknote handling device)

[0034] With reference to FIG. 3, the structure of a sheet
handling device of the present embodiment is described.
The banknote handling device of the present embodi-
ment may have a structure illustrated in FIG. 3, for ex-
ample. A banknote handling device 300 illustrated in FIG.
3 is a small banknote handling device to be used on a
table, and includes a banknote recognition device (not
illustrated in FIG. 3) that executes processing of recog-
nizing banknotes, a hopper 301 that supports a stack of
banknotes to be handled, two rejecters 302 to which ban-
knotes dispensed from the hopper 301 into a housing
310 are discharged when they are rejected banknotes
such as counterfeit notes or suspect notes, an operation
unit 303 with which an operator input the instructions,
four stackers 306a to 306d that accumulate sorted ban-
knotes whose denomination, authenticity, and fitness are
recognized in the housing 310, and a display 305 that
displays the information such as the recognition count
results of banknotes and the accumulation states of the
stackers 306a to 306d. Based on the fitness determina-
tion results by the banknote recognition device, the stack-
ers 306a to 306c store fit notes and the stacker 306d
stores unfit notes among the four stackers 306a to 306d.
A method of sorting banknotes into the stackers 306a to
306d may be selected as appropriate.

<Structure of imaging unit>

[0035] With reference to FIG. 4, the structure of an im-
aging unit that is a main unit of a banknote recognition
device of the present embodiment is described. As illus-
trated in FIG. 4, an imaging unit 21 includes optical line
sensors 110 and 120 arranged to face each other. Be-
tween the optical line sensors 110 and 120 is formed a
gap through which a banknote BN is transported. This
gap is a portion of a transport path 311 of the banknote
handling device of the present embodiment. The optical
line sensors 110 and 120 are respectively placed on the
upper and lower sides of the transport path 311.
[0036] The optical line sensor 110 includes two reflec-
tion light sources 111, a condenser 112, and a light re-
ceiving unit 113. The reflection light sources 111 each
emit light at predetermined wavelengths (invisible light
such as infrared light and visible light such as single-color
light of red, green, blue, or the like, or white light) to the
main surface (hereinafter, referred to as the surface A)
on the light receiving unit 113 side of a banknote BN. The
condenser 112 gathers light emitted from the reflection
light sources 111 and reflected on the banknote BN. The
light receiving unit 113 includes solid state image sensors
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(not illustrated) arranged in line along the direction (main
scanning direction) perpendicular to the direction (sub-
scanning direction) of transporting a banknote BN, and
receives the light gathered by the condenser 112 and
converts the light into an electric signal. The electric sig-
nal is then amplified and converted into digital data by
analog-to-digital conversion. The resulting digital data is
output as an image signal.
[0037] The optical line sensor 120 includes two reflec-
tion light sources 121, a condenser 122, a light receiving
unit 123, and a transmission light source 124. The reflec-
tion light sources 121 each emit light at predetermined
wavelengths (invisible light such as infrared light and vis-
ible light such as single-color light of red, green, blue, or
the like, or white light) to the main surface (hereinafter,
referred to as the surface B) on the light receiving unit
123 side of the banknote BN. The condenser 122 gathers
light emitted from the reflection light sources 121 and
reflected on the banknote BN. The light receiving unit
123 includes solid state image sensors (not illustrated)
arranged in line along the direction perpendicular to the
direction of transporting a banknote BN, and receives the
light gathered by the condenser 122 and converts the
light into an electric signal. The electric signal is then
amplified and converted into digital data by analog-to-
digital conversion. The resulting digital data is output as
an image signal.
[0038] The transmission light source 124 emits light at
predetermined wavelengths (invisible light such as infra-
red light and visible light such as single-color light of red,
green, blue, or the like, or white light) to the surface B of
the banknote BN. The transmission light source 124 is
placed on the optical axis of the condenser 112 of the
optical line sensor 110. Part of the light emitted from the
transmission light source 124 passes through the ban-
knote BN, gathered by the condenser 112 of the optical
line sensor 110, and detected by the light receiving unit
113.
[0039] The light sources 111, 121, and 124 each in-
clude a linear light guide (not illustrated) extending in the
direction (main scanning direction) perpendicular to the
paper surface of FIG. 4 and a plurality of LED elements
(not illustrated) arranged at each end (optionally one end)
of the light guide.
[0040] The reflection light sources 111 and 121 each
may include, as the LED elements, LED elements capa-
ble of emitting light within different wavelength ranges,
and are each configured to emit light within the selected
wavelength ranges. Specifically, for example, the reflec-
tion light sources 111 and 121 each include LED ele-
ments that emit infrared (IR) light and LED elements that
emit visible light (single-color light of red, green, blue, or
the like, or white light), and these reflection light sources
111 and 121 emit infrared light and visible light to a sheet.
[0041] The transmission light source 124 may include,
as the LED elements, LED elements capable of emitting
light within different wavelength ranges, and is configured
to emit light within the selected wavelength ranges. Spe-

cifically, for example, the transmission light source 124
includes LED elements that emit infrared (IR) light and
LED elements that emit visible light (single-color light of
red, green, blue, or the like, or white light), and the trans-
mission light source 124 emits infrared light and visible
light to a sheet.
[0042] The optical line sensors 110 and 120 repetitively
image a banknote BN under transport in the transport
direction and output image signals. Thereby, the ban-
knote recognition device of the present embodiment can
acquire an image of the whole banknote BN. The ban-
knote recognition device of the present embodiment ac-
quires reflection images of the surface A of the banknote
BN and transmission images of the banknote BN based
on the output signals from the optical line sensor 110,
and acquires reflection images of the surface B of the
banknote BN based on the output signals from the optical
line sensor 120.

<Structure of banknote recognition device (image acqui-
sition device)>

[0043] With reference to FIG. 5, the structure of a ban-
knote recognition device (image acquisition device) of
the present embodiment is described. As illustrated in
FIG. 5, a banknote recognition device (image acquisition
device) 1 of the present embodiment includes a control
unit 10, a detection unit 20, and a memory unit 30.
[0044] The control unit 10 includes components such
as programs for executing a variety of processing oper-
ations stored in the memory unit 30, a central processing
unit (CPU) configured to execute the programs, a variety
of hardware components to be controlled by the CPU,
and a logical device, e.g., a field programmable gate ar-
ray (FPGA). The control unit 10 controls the components
of the banknote recognition device 1 in accordance with
the programs stored in the memory unit 30 based on the
signals output from the components of the banknote rec-
ognition device 1 and the control signals from the control
unit 10. The control unit 10 also has functions of a light
source control unit 11, a sensor control unit 12, an image
generating unit 13, a shape detection unit 14, and a rec-
ognition unit 15 in accordance with the program stored
in the memory unit 30.
[0045] In addition to the above imaging unit 21, the
detection unit 20 also includes a magnetism detection
unit 22, a thickness detection unit 23, and a UV detection
unit 24 along the transport path for banknotes. The im-
aging unit 21 images a banknote as described above and
outputs an image signal (image data). The magnetism
detection unit 22 includes a magnetism sensor (not illus-
trated) that determines the magnetism. The magnetism
sensor detects the magnetism of magnetic ink printed on
a banknote or of a security thread, for example. The mag-
netism sensor is a magnetism line sensor including mag-
netism detection devices arranged in line. The thickness
detection unit 23 includes a thickness detection sensor
(not illustrated) that measures the thickness of a ban-
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knote. The thickness detection sensor detects abnormal
feeding such as double feeding and banknotes with ma-
terial such as tape, for example. The thickness detection
sensor includes rollers arranged to face each other with
the transport path in between, and detects the displace-
ments of the rollers in passing of a banknote by sensors
provided for the respective rollers. The UV detection unit
24 includes a ultraviolet light emitting unit (not illustrated)
and a light receiving unit (not illustrated), and the light
receiving unit detects fluorescence generated when the
ultraviolet light emitting unit emits ultraviolet light to a
banknote and ultraviolet light passed through the ban-
knote.
[0046] The memory unit 30 includes a non-volatile
memory such as a semiconductor memory or a hard disk
drive, and stores a variety of programs and a variety of
data for controlling the banknote recognition device 1.
The memory unit 30 stores imaging parameters such as
the wavelength ranges of light emitted from the light
sources 111, 121, and 124, the timings of turning on and
off the light sources 111, 121, and 124, the values of
forward currents applied to the LED elements of the light
sources 111, 121, and 124, and the timings of reading
out the signals from the optical line sensors 110 and 120,
during one cycle of imaging by the imaging unit 21.
[0047] The one cycle of imaging means an imaging
pattern in which the parameters, such as the wavelength
ranges of the light emitted from the light sources 111,
121, and 124, the timings of turning on and off the light
sources 111, 121, and 124, the values of forward currents
applied to the LED elements, and the timings of reading
out the signals, are set. One cycle of imaging is taken as
one period and repetitive consecutive execution of this
cycle enables acquisition of an image of the whole ban-
knote.
[0048] The light source control unit 11 performs dy-
namic lighting control in which the light sources 111, 121,
and 124 are sequentially turned on so as to acquire dis-
tinct images of a banknote by the light sources 111, 121,
and 124. Specifically, the light source control unit 11 con-
trols turning on and off of the light sources 111, 121, and
124 based on the timings set in the imaging parameters.
This control is performed using a mechanical clock that
changes in accordance with the rate of transporting a
banknote and a system clock that is always output at a
constant frequency regardless of the rate of transporting
a banknote. The light source control unit 11 sets the levels
of forward currents applied to the LED elements based
on the imaging parameters.
[0049] The sensor control unit 12 controls the timings
of reading out the image signals from the optical line sen-
sors 110 and 120 and reads out the image signals from
the line sensors synchronously with the timings of turning
on and off the light sources 111, 121, and 124 based on
the timings set in the imaging parameters. This control
is performed using the mechanical clock and the system
clock. The sensor control unit 12 then sequentially stores
the read-out image signals in a ring buffer (line memory)

of the memory unit 30.
[0050] The image generating unit 13 has a function of
generating an image based on a variety of signals relating
to a banknote acquired from the detection unit 20. Spe-
cifically, the image generating unit 13 first decomposes
the data (image signals) stored in the ring buffer into data
sets for the respective conditions of light application and
light reception. More specifically, the data is decomposed
into received light intensity data of light generated from
visible light applied and reflected, received light intensity
data of light generated from infrared light applied and
reflected, received light intensity data of light generated
from visible light applied and transmitted, and received
light intensity data of light generated from infrared light
applied and transmitted. The image generating unit 13
then performs correction processing such as cutting of
dark outputs, gain adjustment, and correction of bright
output levels in accordance with the properties of each
decomposed data set, generates a variety of images (im-
age data) of the banknote, and stores the images in the
memory unit 30.
[0051] The shape detection unit 14 detects (extracts)
the external shape (outline) of a banknote based on an
infrared transmission image A of the banknote to be de-
scribed later. The specification thereof will be described
later. The shape detection unit 14 also outputs the outline
information (extracted partial image region) of the ban-
knote to the recognition unit 15.
[0052] The recognition unit 15 utilizes a variety of sig-
nals relating to a banknote acquired from the detection
unit 20 to execute recognition processing. The recogni-
tion unit 15 recognizes at least the denomination and
authenticity of the banknote. The recognition unit 15 may
have a function of determining the fitness of the banknote.
In this case, the recognition unit 15 has a function of
detecting the presence or absence of a defect such as
soil, fold, or tear in the banknote and detecting the pres-
ence or absence of material such as tape attached to the
banknote based on the thickness of the banknote, and
thereby determining whether the banknote is handled as
a fit note to be reused in the market or as an unfit note
unsuitable to circulation in the market.
[0053] When the recognition unit 15 uses an image of
a banknote taken by the imaging unit 21 for recognition
of the information such as the denomination, the authen-
ticity, and the fitness, it utilizes the outline information of
the banknote acquired by the shape detection unit 14.
For example, based on the outline information of a ban-
knote acquired by the shape detection unit 14, the rec-
ognition unit 15 defines a medium region corresponding
to the banknote as a recognition target area within the
whole image including the banknote and the other region,
divides the image data within the area into blocks, and
executes recognition processing by, for example, pattern
matching.
[0054] In order to recognize the information such as
the denomination, the authenticity, and the fitness, the
recognition unit 15 may further detect the shading pattern
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of the transparent portion of a banknote or may detect
the presence or absence of a defect in the transparent
portion of a banknote based on the infrared transmission
image A to be described later.

<Method of controlling light sources and method of con-
trolling readout of signals from line sensors>

[0055] With reference to FIG. 6, the control of the light
sources by the light source control unit 11 and the control
of readout of the signals from the optical line sensors 110
and 120 by the sensor control unit 12 are described. FIG.
6 illustrates the contents and timings of turning on the
light sources and of reading out the signals.
[0056] The light source control unit 11 is configured to
control the light sources to emit infrared light having a
quantity of light a and infrared light having a quantity of
light b in accordance with timings such that the infrared
light having a quantity of light a and the infrared light
having a quantity of light b are emitted one after the other
in a cyclic manner. Specifically, as illustrated in the upper
row of FIG. 6, at the imaging position of the optical line
sensor 110, a banknote under transport is irradiated with
infrared light having a quantity of light a from the trans-
mission light source 124, then with infrared light having
a quantity of light b from the transmission light source
124, then with visible light from the transmission light
source 124, then with infrared light from the reflection
light source 111, and then with visible light from the re-
flection light source 111, during one cycle. The quantity
of light a and the quantity of light b correspond respec-
tively to the second quantity of light and the first quantity
of light. The infrared light having a quantity of light a and
the infrared light having a quantity of light b correspond
respectively to the first emitted light and the second emit-
ted light. During the banknote is irradiated with light, the
imaging devices of the light receiving unit 113 are ex-
posed to light and thereby store electric charges. The
sensor control unit 12 is configured to read out the image
signals from the light receiving unit 113 synchronously
with the timings of emitting of the infrared light having a
quantity of light a and the infrared light having a quantity
of light b. In other words, each time the light applied to
the banknote is switched, the image signal by the light
before switching is read out from the optical line sensor
110. As a result, the optical line sensor 110 acquires data
of one line constituting a transmission image by the in-
frared light having the quantity of light a (hereinafter, re-
ferred to as an infrared transmission image A), data of
one line constituting a transmission image by the infrared
light having the quantity of light b (hereinafter, referred
to as an infrared transmission image B), data of one line
constituting a transmission image by the visible light
(hereinafter, referred to as a visible transmission image),
data of one line constituting a reflection image of the sur-
face A by the infrared light (hereinafter, referred to as an
infrared reflection image of the surface A), and data of
one line constituting a reflection image of the surface A

by the visible light (hereinafter, referred to as a visible
reflection image of the surface A) during one cycle.
[0057] Repetitive consecutive execution of this one cy-
cle of imaging enables acquisition of the infrared trans-
mission image A, the infrared transmission image B, the
visible transmission image, the infrared reflection image
of the surface A, and the visible reflection image of the
surface A of the whole banknote. The infrared transmis-
sion image A and the infrared transmission image B cor-
respond respectively to the second transmission image
and the first transmission image.
[0058] As illustrated in the lower row of FIG. 6, at the
imaging position of the optical line sensor 120, the re-
flection light source 121 is first turned off for a predeter-
mined period of time (a period of time during which the
sheet is irradiated with light from the transmission light
source 124), thereafter the banknote under transport is
irradiated with infrared light from the reflection light
source 121, and then with visible light from the reflection
light source 121, during one cycle. During the banknote
is irradiated with light, the imaging devices of the light
receiving unit 123 are exposed to light and thereby store
electric charges. Also in this case, each time the light
applied to the banknote is switched, the image signal by
the light before switching is read out from the optical line
sensor 120. As a result, the optical line sensor 120 ac-
quires data of one line constituting a reflection image of
the surface B by the infrared light (hereinafter, referred
to as an infrared reflection image of the surface B) and
data of one line constituting a reflection image of the sur-
face B by the visible light (hereinafter, referred to as a
visible reflection image of the surface B) during one cycle.
[0059] Repetitive consecutive execution of this one cy-
cle of imaging enables acquisition of the infrared reflec-
tion image of the surface B and the visible reflection im-
age of the surface B.
[0060] As illustrated in FIG. 6, the durations of applying
the respective types of light are set to be equal to each
other. In other words, the durations of storing electric
charges by the imaging devices are set to be equal to
each other regardless of the type of light.
[0061] The quantity of light a is set to be lower than the
quantity of light b. The ratio of the quantity of light a to
the quantity of light b is preferably not less than 1/16 and
not more than 1/4, although it can be set as appropriate.
[0062] In the present embodiment, the quantity of light
is expressed by (level of forward current applied to LED
element) 3 (duration of irradiation). Here, the durations
of irradiation are equal to each other as described above,
and thus the value of forward current applied to each
LED element of the transmission light source 124 is set
to be lower in imaging of the infrared transmission image
A than in imaging of the infrared transmission image B.
The level of forward current applied to an LED element
is proportional to the radiant intensity of the LED element,
so that the quantity of light can be regarded as being
proportional to the radiant intensity of the LED element.
[0063] The quantity of light b is preferably set to a quan-
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tity of light at which the infrared transmission image B
(specifically, a medium region in the infrared transmis-
sion image B corresponding to the banknote, usually a
transparent region corresponding to the transparent por-
tion) includes a saturated region (a region exhibiting high-
light clipping). This enables detection of a feature of the
banknote, such as a feature of ink, in opaque regions
corresponding to the opaque portions of the banknote
from the infrared transmission image B. In the infrared
transmission image B, the whole transparent region may
be a saturated region. The saturated region (region ex-
hibiting highlight clipping) is a region where an image
signal has a maximum output. Specifically, this region is
a region where an output of an image signal is to be a
predetermined maximum value (e.g., 255 digit) after the
outputs of the optical line sensors 110 and 120 are sub-
jected to dark output correction in which the output with
the light sources turned off is set to zero and bright output
correction in which gain correction is performed on each
pixel such that the output of a white reference medium
with the light sources turned on is uniform, and then data
constituting a transmission image in the absence of the
white reference medium is acquired.
[0064] The quantity of light a is preferably set to a quan-
tity of light at which a region in the infrared transmission
image A corresponding to the saturated region of the
infrared transmission image B is unsaturated (does not
exhibit highlight clipping). This enables detection of a fea-
ture of the banknote, such as the external shape, the
shading pattern, or the presence or absence of a defect
in the transparent portion, in a transparent region corre-
sponding to the transparent portion of the banknote from
the infrared transmission image A. The quantity of light
at which a region is unsaturated is a quantity of light at
which an image signal has an output lower than the max-
imum value.

<Method for detecting external shape of banknote>

[0065] Next, a method for detecting the external shape
of a banknote by the shape detection unit 14 is described.
The shape detection unit 14 detects (extracts) the exter-
nal shape (outline) of a banknote based on the infrared
transmission image A. In other words, the shape detec-
tion unit 14 specifies a medium region (partial image re-
gion) from the whole infrared transmission image A in-
cluding the medium region corresponding to the ban-
knote and a background region corresponding to the re-
gion other than the banknote, and then detects the ex-
ternal shape of the medium region.
[0066] Specifically, the shape detection unit 14 first bi-
narizes the infrared transmission image A based on a
predetermined threshold. In other words, each pixel val-
ue of the infrared transmission image A is compared with
the predetermined threshold; the pixel with a pixel value
of lower than the threshold is determined as medium-
present, and the pixel data thereof is replaced by 1
(white), while the pixel with a pixel value of not lower than

the threshold is determined as medium-absent, and the
pixel data thereof is replaced by 0 (black). The shape
detection unit 14 then executes edge detection on the
binarized infrared transmission image A, and thereby de-
tects the four sides of the banknote from the results of
the edge detection. The shape detection unit 14 subse-
quently executes Hough transform to compute the
straight lines passing the four sides of the banknote,
thereby determines the four apexes corresponding to the
four corners of the banknote.
[0067] In the present embodiment, the quantity of light
a in acquiring the infrared transmission image A is set to
a quantity of light that is lower than the quantity of light
b in acquiring the infrared transmission image B and at
which a region in the infrared transmission image A cor-
responding to the saturated region in the infrared trans-
mission image B is unsaturated. In other words, even
when the infrared transmission image A is binarized, the
shape detection unit 14 can determine the transparent
region corresponding to the transparent portion of the
banknote as medium-present. This can prevent highlight
clipping of the transparent region in the infrared trans-
mission image A and the resulting assimilation thereof
to the background region. As a result, the external shape
of the banknote can be detected not only in the opaque
regions corresponding to the opaque portions of the ban-
knote but also in the transparent region.

<Method for acquiring image>

[0068] Next, the processing by the banknote recogni-
tion device 1, in particular the method for acquiring the
infrared transmission images A and B of a banknote is
described. First described is a method of setting the
quantity of light a and the quantity of light b, in other
words, a method of initial setting of the transmission light
source 124.
[0069] The quantity of light a is preferably set as fol-
lows. Specifically, the transmission light source 124 is
turned on with no medium such as a banknote placed at
the imaging position of the optical line sensor 110. The
light receiving unit 113 is made to receive the light (e.g.,
infrared light) emitted from the transmission light source
124 and to output an image signal (ID data) correspond-
ing to the third image signal. The image generating unit
13 is made to generate a reference waveform from this
image signal. The quantity of light a is set to allow this
reference waveform to satisfy a predetermined condition.
[0070] The predetermined condition may be set as ap-
propriate in accordance with the characteristics of a me-
dium to be imaged. For example, the quantity of light a
may be adjusted by controlling the level of forward current
applied to each LED element and the duration of irradi-
ation such that the maximum value of the reference wave-
form is 200 digit (255 digit indicates saturation, 200 digit
indicates a transmittance of 100%), and then the refer-
ence waveform may be subjected to correction process-
ing such as cutting of dark outputs, gain adjustment, and
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correction of bright output levels.
[0071] Alternatively, the quantity of light a may be cal-
culated from the waveform obtained with a reference me-
dium, which has a lower transmittance than the transpar-
ent portion of a banknote to be imaged, placed at the
imaging position of the optical line sensor 110.
[0072] The quantity of light b is preferably set as fol-
lows. Specifically, the transmission light source 124 is
turned on with an entirely white reference medium placed
at the imaging position of the optical line sensor 110. The
light receiving unit 113 is made to receive the light (e.g.,
infrared light) emitted from the transmission light source
124 and to output an image signal (ID data) correspond-
ing to the fourth image signal. The image generating unit
13 is made to generate a reference medium waveform
from this image signal. The transmittance of the refer-
ence medium is calculated from this reference medium
waveform, and the quantity of light b is set based on the
calculated transmittance of the reference medium. Spe-
cifically, the quantity of light b may be set such that the
transmittance of the reference medium as a whole is uni-
form. For example, when 255 digit indicates saturation,
the level of forward current applied to each LED element
and the duration of irradiation may be controlled such
that the maximum value of the reference medium wave-
form is about 128 digit that is about a half of 255 digit. In
order to avoid saturation of the output at the quantity of
light b, the output of the image signal may be further
controlled such that the maximum value of the reference
medium waveform is 4/5 of the original value after each
LED element is controlled.
[0073] With reference to FIG. 7, the processing of ac-
quiring the infrared transmission images A and B of a
banknote by the banknote recognition device 1 is de-
scribed. As illustrated in FIG. 7, the light receiving unit
113 first receives light generated by transmission of light
having a quantity of light a emitted from the transmission
light source 124 through a banknote to output an image
signal S1, and receives light generated by transmission
of light having a quantity of light b emitted from the trans-
mission light source 124 through the banknote to output
an image signal S2 (S11). The quantity of light a is set
to be lower than the quantity of light b. The light generated
by transmission of light having a quantity of light a through
a banknote and the light generated by transmission of
light having a quantity of light b through a banknote cor-
respond respectively to the second transmitted light and
the first transmitted light. The image signal S1 and the
image signal S2 correspond respectively to the second
image signal and the first image signal.
[0074] Then, the sensor control unit 12 reads out the
image signals S1 and S2 from the optical line sensor 110
and sequentially stores the read-out image signals S1
and S2 in the ring buffer of the memory unit 30 (S12).
[0075] Then, the image generating unit 13 generates
an infrared transmission image A from the data based
on the image signal S1 and generates an infrared trans-
mission image B from the data based on the image signal

S2 (S13).
[0076] As described above, the quantity of light b is set
to a quantity of light at which the infrared transmission
image B includes a saturated region, while the quantity
of light a is set to a quantity of light at which a region in
the infrared transmission image A corresponding to this
saturated region is unsaturated.
[0077] As described hereinabove, in the present em-
bodiment, the light receiving unit 113 is configured to
receive light generated by transmission of light having a
quantity of light a through a banknote to output an image
signal S1, the light having the quantity of light a being
emitted from the transmission light source 124, and to
receive light generated by transmission of light having a
quantity of light b through the banknote to output an im-
age signal S2, the light having the quantity of light b being
emitted from the transmission light source 124; and the
image generating unit 13 is configured to generate an
infrared transmission image A from the image signal S1
and to generate an infrared transmission image B from
the image signal S2. The quantity of light a is set to be
smaller than the quantity of light b. Preferably, the quan-
tity of light b is set to a quantity of light at which the infrared
transmission image B includes a saturated region, and
the quantity of light a is set to a quantity of light at which
a region in the infrared transmission image A correspond-
ing to this saturated region is unsaturated. This enables
detection of a feature of the opaque portions of the ban-
knote from the infrared transmission image B and detec-
tion of a feature of the transparent portion of the banknote
from the infrared transmission image A.
[0078] Described in the above embodiment is a case
where the values of forward currents applied to the LED
elements of the transmission light source 124 are differ-
ent from each other while the durations of applying the
respective types of light (i.e., the durations of receiving
the respective types of light and storing electric charges
by the imaging devices) are set to be equal to each other
such that the quantity of light a is lower than the quantity
of light b. Still, these durations may be different from each
other. Specifically, the duration of irradiating a banknote
with light from the transmission light source 124 may be
shorter in imaging of the infrared transmission image A
than in imaging of the infrared transmission image B,
while the value of forward current applied to each LED
element of the transmission light source 124 may be
equal in both imaging processes. Alternatively, the du-
ration of irradiating a banknote with light from the trans-
mission light source 124 may be shorter in imaging of
the infrared transmission image A than in imaging of the
infrared transmission image B and the value of forward
current applied to each LED element of the transmission
light source 124 may be smaller in the former imaging
than in the latter imaging.
[0079] Described in the above embodiment is a case
where the light having a quantity of light a and the light
having a quantity of light b are infrared light. Still, the light
having a quantity of light a and the light having a quantity
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of light b each may be visible light of red, green, blue, or
the like, for example. In the case of applying green light,
the ratio of the quantity of light a to the quantity of light b
is preferably not less than 1/16 and not more than 1/4,
although it can be set as appropriate. In other words, the
ratio of the quantity of light a to the quantity of light b may
vary in accordance with the wavelength range used. The
level of the quantity of light a and the level of the quantity
of light b may vary in accordance with the wavelength
range used.
[0080] With reference to FIG. 9, the control of the light
sources by the light source control unit 11 and the control
of readout of the signals from the optical line sensors 110
and 120 by the sensor control unit 12 are described in
the case where the light having a quantity of light a and
the light having a quantity of light b are visible light. FIG.
9 illustrates the contents and timings of turning on the
light sources and of reading out the signals. This case is
the same as the case of FIG. 6, except for partial differ-
ence in the contents and the timings of turning on the
light sources.
[0081] In the case of FIG. 9, as illustrated in the upper
row of FIG. 9, at the imaging position of the optical line
sensor 110, a banknote under transport is irradiated with
visible light having a quantity of light a from the transmis-
sion light source 124, then with visible light having a quan-
tity of light b from the transmission light source 124, then
with infrared light from the transmission light source 124,
then with infrared light from the reflection light source
111, and then with visible light from the reflection light
source 111, during one cycle. As a result, the optical line
sensor 110 acquires data of one line constituting a trans-
mission image by the visible light having the quantity of
light a (hereinafter, referred to as a visible transmission
image A), data of one line constituting a transmission
image by the visible light having the quantity of light b
(hereinafter, referred to as a visible transmission image
B), data of one line constituting a transmission image by
the infrared light (hereinafter, referred to as an infrared
transmission image), data of one line constituting an in-
frared reflection image of the surface A, and data of one
line constituting a visible reflection image of the surface
A, during one cycle.
[0082] Repetitive consecutive execution of this one cy-
cle of imaging enables acquisition of the visible transmis-
sion image A, the visible transmission image B, the in-
frared transmission image, the infrared reflection image
of the surface A, and the visible reflection image of the
surface A of the whole banknote. The visible transmission
image A and the visible transmission image B correspond
respectively to the second transmission image and the
first transmission image.
[0083] As illustrated in the lower row of FIG. 9, imaging
by the optical line sensor 120 is the same as in the case
illustrated in FIG. 6.
[0084] As illustrated in FIG. 9, the durations of applying
the respective types of light are set to be equal to each
other. In other words, the durations of storing electric

charges by the imaging devices are set to be equal to
each other regardless of the type of light.
[0085] The quantity of light a is set to be lower than the
quantity of light b. The ratio of the quantity of light a to
the quantity of light b can be set as appropriate. Still, as
described above, the ratio of the quantity of light a to the
quantity of light b is preferably not less than 1/16 and not
more than 1/4 in the case of applying green light.
[0086] In the case illustrated in FIG. 9, as in the case
illustrated in FIG. 6, the quantity of light b is preferably
set to a quantity of light at which the visible transmission
image B (specifically, a medium region in the visible
transmission image B corresponding to the banknote,
usually a transparent region corresponding to the trans-
parent portion) includes a saturated region (a region ex-
hibiting highlight clipping). This enables detection of a
feature of the banknote, such as a feature of ink, in
opaque regions corresponding to the opaque portions of
the banknote from the visible transmission image B. In
the visible transmission image B, the whole transparent
region may be a saturated region.
[0087] The quantity of light a is preferably set to a quan-
tity of light at which a region in the visible transmission
image A corresponding to the saturated region of the
visible transmission image B is unsaturated (does not
exhibit highlight clipping). This enables detection of a fea-
ture of the banknote, such as the external shape, the
shading pattern, or the presence or absence of a defect
in the transparent portion, in a transparent region corre-
sponding to the transparent portion of the banknote from
the visible transmission image A.
[0088] Described in the above embodiment is a case
where light having a quantity of light a and light having a
quantity of light b are within the same wavelength range.
Still, the wavelength range of the light having a quantity
of light a and the wavelength range of the light having a
quantity of light b may be different from each other.
[0089] Described in the above embodiment is a case
where the shape detection unit 14 detects the external
shape of a banknote as a feature of the banknote and
the recognition unit 15 detects the shading pattern of the
transparent portion and the presence or absence of a
defect in the transparent portion as features of the ban-
knote based on the infrared transmission image A ac-
quired with a small quantity of light a. Still, the banknote
recognition device (image acquisition device) 1 may de-
tect the presence or absence of a banknote based on
the infrared transmission image A or the visible transmis-
sion image A. Thereby, even when a banknote has a
transparent portion at an edge, the banknote recognition
device 1 can detect this edge as described above, and
thus can correctly detect passing of the banknote. Ac-
cordingly, the banknote recognition device (image acqui-
sition device) 1 can also suitably be used as a tracking
sensor for detecting the presence or absence of a ban-
knote under transport.
[0090] Hereinabove, some embodiments of the
present invention are described with reference to the
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drawings. Still, the present invention is not intended to
be limited by the above embodiments. The structures of
the embodiments may be appropriately combined with
each other or modified within the spirit of the present
invention.

INDUSTRIAL APPLICABILITY

[0091] As described above, the present invention pro-
vides a technique useful for acquiring an image from
which a feature of a sheet is detectable in an opaque
portion and an image from which a feature of the sheet
is detectable in a transparent portion.

Claims

1. An image acquisition device comprising:

a light source configured to emit light to a sheet;
a light receiving unit configured:

to receive a first transmitted light generated
by transmission of a first emitted light having
a first quantity of light through the sheet to
output a first image signal, the first emitted
light being emitted from the light source; and
to receive a second transmitted light gener-
ated by transmission of a second emitted
light having a second quantity of light
through the sheet to output a second image
signal, the second emitted light being emit-
ted from the light source; and

an image generating unit configured:

to generate a first transmission image from
the first image signal; and
to generate a second transmission image
from the second image signal,

wherein the second quantity of light is set to be
smaller than the first quantity of light.

2. The image acquisition device according to claim 1,
wherein the first quantity of light is set to a quantity
of light at which the first transmission image includes
a saturated region, and
the second quantity of light is set to a quantity of light
at which a region in the second transmission image
corresponding to the saturated region is unsaturat-
ed.

3. The image acquisition device according to claim 2,
wherein the saturated region is a region where an
image signal has a maximum output, and
the quantity of light at which a region is unsaturated
is a quantity of light at which an image signal has an

output lower than the maximum output.

4. The image acquisition device according to any one
of claims 1 to 3, further comprising a control unit con-
figured to control the light source and the image gen-
erating unit,
wherein the control unit is configured:

to control the light source to emit the first and
second emitted lights in accordance with timings
such that the first and second emitted lights are
emitted one after the other in a cyclic manner,
and
to control the image generating unit to read out
the first and second image signals from the light
receiving unit synchronously with the timings of
emitting of the first and second emitted lights.

5. The image acquisition device according to any one
of claims 1 to 4,
wherein the light receiving unit is configured to re-
ceive light emitted from the light source in the ab-
sence of the sheet to output a third image signal,
the image generating unit is configured to generate
a reference waveform from the third image signal,
and
the second quantity of light is set to allow the refer-
ence waveform to satisfy a predetermined condition.

6. The image acquisition device according to any one
of claims 1 to 5,
wherein the light receiving unit is configured to re-
ceive light generated by transmission of light emitted
from the light source through a reference medium to
output a fourth image signal,
the image generating unit is configured to generate
a reference medium waveform from the fourth image
signal, and
the first quantity of light is set based on a transmit-
tance of the reference medium calculated from the
reference medium waveform.

7. The image acquisition device according to claim 6,
wherein the first quantity of light is set such that the
transmittance of the reference medium as a whole
is uniform.

8. The image acquisition device according to any one
of claims 1 to 7,
wherein the sheet is a banknote, a gift voucher, or a
check having a transparent portion, and
the image generating unit is configured to generate
a transmission image including an image of the
transparent portion.

9. The image acquisition device according to claim 8,
wherein the transparent portion is a portion having
a transmittance of not lower than 30% and not higher
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than 90% with respect to the first emitted light.

10. The image acquisition device according to any one
of claims 1 to 9,
wherein the light source is configured to emit infrared
light to the sheet.

11. The image acquisition device according to any one
of claims 1 to 10,
wherein the ratio of the second quantity of light to
the first quantity of light is not less than 1/16 and not
more than 1/4.

12. The image acquisition device according to any one
of claims 1 to 11,
wherein the light source is configured to emit visible
light to the sheet.

13. A sheet handling device comprising the image ac-
quisition device according to any one of claims 1 to
12.

14. A banknote handling device comprising the image
acquisition device according to any one of claims 1
to 12.

15. An image acquisition method comprising:

receiving a first transmitted light generated by
transmission of a first emitted light having a first
quantity of light through a sheet to output a first
image signal, the first emitted light being emitted
from a light source;
receiving a second transmitted light generated
by transmission of a second emitted light having
a second quantity of light through the sheet to
output a second image signal, the second emit-
ted light being emitted from the light source;
generating a first transmission image from the
first image signal; and
generating a second transmission image from
the second image signal,
wherein the second quantity of light is set to be
smaller than the first quantity of light.
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