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Light is emitted on one side of a paper sheet 100 , which is 
being transported on a transport path , from a first light 
source 11 , and light is emitted on other side of the paper 
sheet 100 from a second light source 21 and a fourth light 
source 22 . A first light receiving sensor 14 receives a first 
reflected light , which is the light emitted by the first light 
source 11 and reflected from the one side of the paper sheet 
100 . A second light receiving sensor 24 receives a second 
reflected light , which is the light emitted by the second light 
source 21 and the fourth light source 22 and reflected from 
the other side of the paper sheet 100 , and receives a 
transmitted light that is the light emitted by the first light 
source 11 and that has passed through the paper sheet 100 . 
With this , satisfactory reflection image and transmission 
image of the paper sheet can be acquired while realizing the 
downsizing of the device . 
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IMAGE ACQUISITION DEVICE AND IMAGE 
ACQUISITION METHOD 

[ 0006 ] [ Patent Document 2 ] Japanese Patent 4334913 
[ 0007 ] [ Patent Document 3 ] Japanese Patent 4334912 

SUMMARY OF INVENTION 

Technical Problem 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This is a Continuation of U . S . patent application 
Ser . No . 14 / 787 , 048 filed on Oct . 26 , 2015 , which was the 
National Stage of International Application No . PCT / 
JP2013 / 062666 filed on Apr . 30 , 2013 , the entire contents of 
which are incorporated herein by reference . 

TECHNICAL FIELD 
[ 0002 ] The present invention relates to an image acquisi 
tion device and an image acquisition method that acquire 
image data of a paper sheet that is being transported on a 
transport path . 

BACKGROUND ART 
[ 0003 ] Devices that acquire image data by capturing a 
paper sheet to perform recognition of a kind and an authen 
tication of the paper sheet , management of the paper sheet , 
and the like , are known in the art . Patent Document 1 , for 
example , discloses a banknote processing machine that 
acquires image data of a banknote by capturing the 
banknote , and recognizes a kind and an authentication of the 
banknote based on characteristic features obtained from the 
image data . Specifically , in the banknote processing machine 
disclosed in Patent Document 1 , a light guiding plate is 
arranged above the banknote , light is emitted on the 
banknote from a light source arranged on a side of the light 
guiding plate , a reflection image of the banknote is acquired 
by receiving light reflected from the banknote in a first 
sensor . The first sensor is arranged above the banknote , 
similarly to the light guiding plate . Additionally , a transmis 
sion image of the banknote is acquired by receiving light that 
has passed through the banknote in a second sensor that is 
arranged below the banknote . In this banknote processing 
machine , by sequentially turning on light sources of a 
plurality of wavelengths , an image corresponding to each of 
the wavelengths can be captured . 
[ 0004 ] The banknote processing machine disclosed in 
Patent Document 1 can acquire a transmission image and a 
reflection image of one side of the banknote ; however , to 
recognize a kind and an authentication of the banknote , it is 
desirable to read reflection images of the both sides of the 
banknotes to obtain characteristic features of each side of the 
banknotes . Devices that acquire a transmission image and 
reflection images of both sides of banknotes are known in 
the art . In the banknote image detection devices disclosed in 
Patent Document 2 and Patent Document 3 , for example , 
one detecting unit is arranged above and another detecting 
unit is arranged below the banknote , each detecting unit 
includes a light source and an image detecting sensor , 
thereby acquiring a transmission image and reflection 
images of both sides of the banknote . In the device of Patent 
Document 2 and the device of Patent Document 3 , the 
positional arrangement of the light source and the image 
detecting sensor in the detecting unit is different . 

[ 0008 ] However , satisfactory image data may not be 
acquired even by using the conventional technique . Specifi 
cally , in the device disclosed in Patent Document 2 , because 
the light source and the sensor , which are used for capturing 
the transmission image , are arranged at shifted positions , it 
is difficult to obtain a satisfactory transmission image due to 
insufficient transmitted light quantity . 
[ 0009 ] In the device disclosed in Patent Document 3 , a 
light source and a sensor , which are used for capturing the 
transmission image , are arranged at positions facing each 
other ; however , because a light source used for acquiring the 
reflection image is installed only on one side with respect to 
a fiber lens array , it is difficult to obtain a satisfactory 
reflection image . Moreover , this device has a configuration 
where one transmission image is obtained from light that 
passes the banknote from above to below and another 
transmission image is obtained from light that passes the 
banknote from below to above ; however , it is sufficient to 
obtain one transmission image so that the device has an 
excess light source . 
[ 0010 ] In order to obtain a satisfactory image of a 
banknote , it is desirable to take into account a directivity of 
the light and emitting enough quantity of light toward the 
banknote . Moreover , the image acquisition device is used 
inside a banknote processing apparatus and the like ; and in 
recent years , there has been a requirement of cost reduction 
and downsizing of the banknote processing apparatus . That 
is , there is a requirement that the image acquisition device 
be able to obtain a satisfactory image while being small and 
low - cost . 
[ 0011 ] The present invention has been devised to solve the 
above - explained issues in the conventional techniques . It is 
an object of the present invention to provide an image 
acquisition device and an image acquisition method capable 
of acquiring a satisfactory reflection image and a satisfactory 
transmission image while realizing downsizing of the 
device . 

Means for Solving Problems 
[ 0012 ] To solve the above issues and to achieve the above 
objects , according to one aspect of the present invention , an 
image acquisition device that acquires image data of a paper 
sheet being transported on a transport path includes a first 
light source arranged on one side of the paper sheet being 
transported on the transport path ; a first light receiving 
sensor that receives a reflected light that is emitted by the 
first light source and reflected from the paper sheet being 
transported ; and a second light receiving sensor arranged on 
other side of the paper sheet being transported on the 
transport path and that receives a transmitted light that has 
passed through the paper sheet being transported , wherein 
the first light source outputs a light having directivity in both 
directions of a first direction from where the reflected light 
reflected from the paper sheet being transported is supplied 
to the first light receiving sensor and a second direction from 
where the transmitted light is supplied to the second light 
receiving sensor . 

CITATION LIST 
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[ 0013 ] The above image acquisition device further 
includes a second light source arranged on the other side on 
which the second light receiving sensor is arranged , wherein 
the first light receiving sensor receives a first reflected light 
that is emitted by the first light source and reflected from the 
one side of the paper sheet , and the second light receiving 
sensor receives a second reflected light that is emitted by the 
second light source and reflected from the other side of the 
paper sheet , and receives the transmitted light that is emitted 
by the first light source and that has passed through the paper 
sheet . 
[ 0014 ] The above image acquisition device further 
includes a third light source arranged on the same side as the 
first light receiving sensor , at a position where front back 
positional relation between the first light source and the first 
light receiving sensor is reversed ; and a second light source 
and a fourth light source arranged on the same side as the 
second light receiving sensor , being arranged in each of front 
and back of the second light receiving sensor . 
[ 0015 ] In the above image acquisition device , the first 
light source is a line - shaped light source that emits a 
predetermined light quantity by dividing in the first direction 
and the second direction , and a division ratio of the light 
quantity to be emitted in the second direction is higher than 
a division ratio of the light quantity to be emitted in the first 
direction . 
10016 ) . In the above image acquisition device , an accumu 
lation time for accumulating optical charge in the second 
light receiving sensor when receiving the transmitted light is 
longer than one or both of an accumulation time for accu 
mulating optical charge in the first light receiving sensor 
when receiving the reflected light reflected from the paper 
sheet being transported and an accumulation time for accu 
mulating optical charge in the second light receiving sensor 
when receiving the reflected light reflected from the paper 
sheet being transported . 
[ 0017 ] In the above image acquisition device , a lighting 
time of the first light source when the second light receiving 
sensor receives the transmitted light is longer than one or 
both of a lighting time of the first light source when the first 
light receiving sensor receives the reflected light reflected 
from the paper sheet being transported and a lighting time of 
the second light source when the second light receiving 
sensor receives the reflected light reflected from the paper 
sheet being transported . 
[ 0018 ] In the above image acquisition device , a light 
emission current supplied to the first light source when the 
second light receiving sensor receives the transmitted light 
is larger than one or both of a light emission current supplied 
to the first light source when the first light receiving sensor 
receives the reflected light reflected from the paper sheet 
being transported and a light emission current supplied to 
the second light source when the second light receiving 
sensor receives the reflected light reflected from the paper 
sheet being transported . 
[ 0019 ] In the above image acquisition device , an ampli 
fication factor by which an output of the second light 
receiving sensor is amplified when the second light receiv 
ing sensor receives the transmitted light is higher than one 
or both of an amplification factor by which an output of the 
first light receiving sensor is amplified when the first light 
receiving sensor receives the reflected light reflected from 
the paper sheet being transported and an amplification factor 
by which an output of the second light receiving sensor is 

amplified when the second light receiving sensor receives 
the reflected light reflected from the paper sheet being 
transported . 
[ 0020 ] In the above image acquisition device , light recep 
tion by the first light receiving sensor of the reflected light 
from the paper sheet being transported and light reception by 
the second light receiving sensor of the transmitted light are 
performed simultaneously . 
[ 0021 ] In the above image acquisition device , one or both 
of the first light source and the second light source performs 
light emission of different wavelengths in a time division 
manner , and at least one among a lighting time of one or both 
of the first light source and the second light source , a light 
emission current to be supplied to one or both of the first 
light source and the second light source , an accumulation 
time of the first light receiving sensor and the second light 
receiving sensor , and an amplification factor for amplifying 
an output of the first light receiving sensor and the second 
light receiving sensor , are changed based on the wavelength . 
[ 0022 ] According to another aspect of the present inven 
tion , an image acquisition method of acquiring image data of 
a paper sheet being transported on a transport path includes 
a first emission step in which a first light source , arranged on 
one side of the paper sheet being transported on the transport 
path , emits a light having a directivity in both directions of 
a first direction from where a light reflected from one side of 
the paper sheet is received by a first light receiving sensor 
and a second direction from where a transmitted light that 
has passed through the paper sheet is received by a second 
light receiving sensor arranged on other side of the transport 
path ; a first reflected light receiving step in which the first 
light receiving sensor receives a first reflected light emitted 
by the first light source and reflected from the one side of the 
paper sheet ; and a transmitted light receiving step in which 
the second light receiving sensor receives a transmitted light 
emitted by the first light source and that has passed through 
the paper sheet . 

Advantageous Effects of Invention 
[ 0023 ] An image acquisition device includes a first light 
source arranged on one side of a paper sheet being trans 
ported on a transport path ; a first light receiving sensor that 
receives a reflected light that has been emitted by the first 
light source and reflected from the paper sheet being trans 
ported ; and a second light receiving sensor arranged on the 
other side of the paper sheet being transported on the 
transport path and that receives a transmitted light that has 
passed through the paper sheet being transported . The first 
light source outputs a light having directivity in both direc 
tions of a first direction and a second direction . The reflected 
light that is emitted in the first direction and reflected from 
the paper sheet being transported is received by the first light 
receiving sensor , and the transmitted light emitted in the 
second direction is received by the second light receiving 
sensor . Thus , satisfactory reflection image and transmission 
image of the paper sheet can be acquired while realizing the 
downsizing of the device . 

BRIEF DESCRIPTION OF DRAWINGS 
0024 ] FIG . 1 is an explanatory diagram for explaining a 
concept of image acquisition according to an embodiment . 
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[ 0025 ] FIG . 2A and FIG . 2B are explanatory diagrams for 
explaining a positional relationship between an upper light 
receiving / emitting unit and a paper sheet . 
[ 0026 ] FIG . 3A and FIG . 3B are explanatory diagrams for 
explaining a modification example of a configuration of the 
light receiving / emitting unit . 
[ 0027 ] FIG . 4 is a perspective view of the light receiving 
emitting unit . 
[ 0028 ] FIG . 5 is a functional block diagram for explaining 
a functional configuration of an image acquisition device . 
[ 0029 ] FIG . 6 is a circuit diagram for explaining a light 
source controlling unit and a sensor control / signal process 
ing unit . 
[ 0030 ] FIG . 7A and FIG . 7B are circuit diagrams for 
explaining a modification example of the light - source con 
trolling unit . 
[ 0031 ] FIG . 8 is an explanatory diagram for explaining a 
concrete example of an operation of the image acquisition 
device . 
[ 0032 ] FIG . 9 is an explanatory diagram for explaining a 
concrete example of an operation of the image acquisition 
device when performing simultaneous acquisition . 

DESCRIPTION OF EMBODIMENTS 
[ 0033 ] Exemplary embodiments of an image acquisition 
device and an image acquisition method according to the 
present invention are explained below in detail while refer 
ring to the accompanying drawings . The image acquisition 
device according to the present embodiment has a function 
for generating an image of various paper sheets such as a 
check , a gift coupon , and valuable securities , and the like . 
For example , the image acquisition device is used in a 
paper - sheet processing apparatus . The paper - sheet process 
ing apparatus recognizes a kind and an authentication of the 
paper sheet by extracting characteristic features from an 
image generated in the image acquisition device . 

[ 0036 ] The light receiving / emitting unit 10 is arranged on 
the positive side of the Z - axis direction , and a transparent 
member 16 made of glass or resin is fitted into a lower 
surface ( surface facing the paper sheet 100 ) of a housing 17 
thereof . The light receiving / emitting unit 10 includes a first 
light source 11 that emits light on the face side of the paper 
sheet 100 . Moreover , the light receiving / emitting unit 10 
includes a first light condenser lens 13 and a first substrate 
15 . A first light receiving sensor 14 is mounted on the first 
substrate 15 . The first light receiving sensor 14 is arranged 
in a plural number along the Y - axis direction and constitutes 
an image line sensor . 
[ 0037 ] The first light condenser lens 13 is arranged such 
that it condenses a reflected light , which is a light reflected 
from the face side of the paper sheet 100 when light is 
emitted by the first light source 11 , and the condensed 
reflected light is received by the first light receiving sensor 
14 . Accordingly , face - side reflection image data of the paper 
sheet 100 can be generated by using the output signal of the 
first light receiving sensor 14 . 
[ 0038 ] Although the details will be explained later , a 
transmitted light , which is a light emitted by the first light 
source 11 and has passed through the paper sheet 100 , is 
received by a second light receiving sensor 24 arranged 
inside the light receiving / emitting unit 20 . The transmitted 
light is used for generating transmission image data of the 
paper sheet 100 . In other words , the first light source 11 is 
used in common for the generation of the face - side reflection 
image data of the paper sheet 100 and the generation of the 
transmission image data of the paper sheet 100 . 
[ 0039 ] The light receiving / emitting unit 10 further 
includes a third light source 12 that emits light on the face 
side of the paper sheet 100 . The light emitted by the third 
light source 12 is reflected from the face side of the paper 
sheet 100 , condensed by the first light condenser lens 13 , and 
received by the first light receiving sensor 14 . The third light 
source 12 is for supplementing the light quantity of the first 
light source 11 when generating the face - side reflection 
image data of the paper sheet 100 . That is , the third light 
source 12 does not contribute to the generation of the 
transmission image data . 
[ 0040 ] The light receiving / emitting unit 20 is arranged on 
the negative side of the Z - axis direction . A transparent 
member 26 made of glass or resin is fitted into an upper 
surface ( surface facing the paper sheet 100 ) of a housing 27 
of the light receiving / emitting unit 20 . The light receiving 
emitting unit 20 includes a second light source 21 and a 
fourth light source 22 that emit light on the back side of the 
paper sheet 100 . The light receiving / emitting unit 20 
includes a second light condenser lens 23 and a second 
substrate 25 . The second light receiving sensor 24 is 
mounted on the second substrate 25 . The second light 
receiving sensor 24 is arranged in a plural number along the 
Y - axis direction and constitutes an image line sensor . 
[ 0041 ] The second light condenser lens 23 is arranged 
such that it condenses a reflected light , which is reflected 
from the back side of the paper sheet 100 when the paper 
sheet 100 is irradiated with the second light source 21 and 
the fourth light source 22 . The second light condenser lens 
23 directs the condensed reflected light so that the con 
densed reflected light is received by the second light receiv 
ing sensor 24 . Accordingly , back - side reflection image data 
of the paper sheet 100 can be generated by using the output 
signal of the second light receiving sensor 24 . 

Embodiments 
[ 0034 ] To begin with , a concept of image acquisition 
according to the present embodiment is explained . FIG . 1 is 
an an explanatory diagram for explaining the concept of the 
image acquisition according to the embodiment . The image 
acquisition device according to the present embodiment 
includes a transport path for transporting a paper sheet 100 . 
It is assumed herein that a transportation direction of the 
paper sheet 100 corresponds to a negative X - axis direction , 
an axis that is perpendicular to a surface of the paper sheet 
100 is a Z - axis , and a Y - axis is perpendicular to the X - axis 
and the Z - axis . Moreover , it is assumed that the paper sheet 
100 is transported substantially horizontally , and the positive 
side of the Z - axis will be called an upper side and the 
negative side of the Z - axis will be called a lower side . 
Furthermore , for the convenience of the explanation , the 
surface of the paper sheet 100 on the positive side of the 
Z - axis will be called a face side and the surface of the paper 
sheet 100 on the negative side of the Z - axis will be called a 
back side . 
[ 0035 ] The image acquisition device includes two light 
receiving / emitting units 10 and 20 . FIG . 1 shows a sche 
matic cross - sectional view of the two light receiving / emit 
ting units 10 and 20 when viewed from the Y - axis direction . 
As shown in FIG . 1 , the light receiving / emitting units 10 and 
20 face each other across a transport path . 
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[ 0042 ] The second light condenser lens 23 is positioned to 
face the first light source 11 of the light receiving / emitting 
unit 10 . The second light condenser lens 23 condenses the 
transmitted light , which is light emitted by the first light 
source 11 and passed through the paper sheet 100 , and 
directs the condensed transmitted light so that the condensed 
transmitted light is received by the second light receiving 
sensor 24 . Accordingly , the transmission image data of the 
paper sheet 100 can be generated by using the output signal 
of the second light receiving sensor 24 . 
[ 0043 ] A light - source controlling unit 30 controls lighting 
of the first light source 11 , the second light source 21 , the 
fourth light source 22 , and the third light source 12 based on 
positional information of the paper sheet 100 . A sensor 
control / signal processing unit 40 controls the first light 
receiving sensor 14 and the second light receiving sensor 24 
to receive light , and generates the face - side reflection image 
data , the transmission image data , and the back - side reflec 
tion image data by using the output signals of the first light 
receiving sensor 14 and the second light receiving sensor 24 . 
[ 0044 ] In this manner , in the image acquisition device 
according to the present embodiment , the first light source 
11 is used in common for the generation of the face - side 
reflection image data and the generation of the transmission 
image data , and the second light receiving sensor 24 is used 
in common for the generation of the back - side reflection 
image data and the generation of the transmission image 
data . Accordingly , the face - side reflection image data , the 
transmission image data , and the back - side reflection image 
data can be obtained with a small and low - cost device 
configuration . 
[ 0045 ] Because the transmission image data is generated 
by the transmitted light which has passed through the paper 
sheet 100 , a larger light quantity is necessary to generate the 
transmission image data as compared to the light quantity 
necessary to generate the face - side reflection image data or 
the back - side reflection image data . 
[ 0046 ] Accordingly , in the image acquisition device 
according to the present embodiment , at least one among a 
brightness of the first light source 11 , a lighting time of the 
first light source 11 , an accumulation time in which optical 
charge is accumulated in the second light receiving sensor 
24 , and an amplification factor ( gain ) by which the output 
signal of the second light receiving sensor 24 is amplified , 
is controlled by taking into account the directivity of the first 
light source 11 , and thus a light quantity necessary for the 
generation of satisfactory transmission image data can be 

reason for adjusting the light quantity in this manner is that 
attenuation of the transmitted light by the paper sheet 100 is 
higher than attenuation of the reflected light by the paper 
sheet 100 . 
[ 0048 ] When using the first light source 11 for the gen 
eration of the transmission image data , in comparison to a 
case where the first light source 11 is used only for the 
generation of the face - side reflection image data , the light 
source controlling unit 30 provides control so that the 
brightness of the first light source 11 is higher , thereby 
adjusting the light quantity suitable for the generation of the 
transmission image data ( A - 1 ) . Although the details about 
the adjustment of the brightness will be explained later , the 
adjustment of the brightness can be performed by changing 
an electric current to be used for emitting light from the first 
light source 11 . 
[ 0049 ] When using the first light source 11 for the gen 
eration of the transmission image data , in comparison to a 
case where the first light source 11 is used only for the 
generation of the face - side reflection image data , the light 
source controlling unit 30 provides a control so that the 
lighting time of the first light source 11 is longer , thereby 
adjusting the light quantity suitable for the generation of the 
transmission image data ( A - 2 ) . 
[ 0050 ] When using the second light receiving sensor 24 
for the generation of the transmission image data , in com 
parison to a case where the second light receiving sensor 24 
is used for the generation of the back - side reflection image 
data , the sensor control / signal processing unit 40 provides a 
control so that the optical charge accumulation time in the 
second light receiving sensor 24 is longer , thereby adjusting 
the light quantity suitable for the generation of the trans 
mission image data ( B - 1 ) . 
[ 0051 ] Detailed explanation of the control of the accumu 
lation time will be omitted herefrom as the method disclosed 
in Japanese Patent Application Laid - open No . H6 - 189066 
and the like can be used to perform this control . One 
preferable approach for the control of the accumulation time 
is to change the exposure time of a photo - diode array when 
the light receiving sensor receives light of a target wave 
length . The Japanese Patent Application Laid - open No . 
H6 - 189066 discloses to change a time of the cycle to 
determine the exposure time ; however , other techniques can 
be employed . For example , a signal that specifies the expo 
sure time can be added , and an output of each photo - diode 
included in one line can be buffered and both reading from 
the buffer and the exposure are performed in parallel , 
thereby reading of pixels for one line is always performed at 
the same time . 
[ 0052 ] When using the second light receiving sensor 24 
for the generation of the transmission image data , in com 
parison to a case where the second light receiving sensor 24 
is used for the generation of the back - side reflection image 
data , the sensor control / signal processing unit 40 provides a 
control so that the accumulating time in which the second 
light receiving sensor 24 receives the transmitted light is 
longer , thereby adjusting the light quantity suitable for the 
generation of the transmission image data ( B - 2 ) . 
[ 0053 ] When using the second light receiving sensor 24 
for the generation of the transmission image data , in com 
parison to a case where the second light receiving sensor 24 
is used for the generation of the back - side reflection image 
data , the sensor control / signal processing unit 40 provides a 
control so that the gain by which the output signal from the 

acquired . 
[ 0047 ] Specifically , a light guiding member having a 
directivity in two directions , the first direction and the 
second direction , is used as the first light source 11 . The light 
in the first direction is reflected from the face side of the 
paper sheet 100 and received by the first light receiving 
sensor 14 , and the light in the second direction passes 
through the paper sheet 100 and is received by the second 
light receiving sensor 24 . The light guiding member has a 
configuration that allows it to distribute a predetermined 
light quantity to be emitted in the first direction and the 
second direction , and set a distribution ratio of the light 
quantity to be emitted in the second direction to be larger 
than a distribution ratio of the light quantity to be emitted in 
the first direction . By taking into account the directivity of 
the light guiding member , light quantity suitable for the 
generation of the transmission image data is adjusted . The 
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second light receiving sensor 24 is amplified is higher , 
thereby adjusting the light quantity suitable for the genera 
tion of the transmission image data ( B - 3 ) . 
[ 0054 ] In the image acquisition device according to the 
present embodiment , in this manner , the face - side reflection 
image data , the transmission image data , and the back - side 
reflection image data can be suitably acquired by using the 
configuration and the control explained in ( A - 1 ) to ( A - 2 ) and 
( B - 1 ) to ( B - 3 ) independently or in combination . 
[ 0055 ] Next , the structure of the light receiving / emitting 
units 10 and 20 will be explained . FIG . 2 is an explanatory 
diagram for explaining a positional relationship between the 
upper light receiving / emitting unit 10 and the paper sheet 
100 . Specifically , FIG . 2A is a top view when the first light 
source 11 , the third light source 12 , and the first light 
condenser lens 13 of the light receiving / emitting unit 10 are 
viewed from the positive side of the Z - axis , and FIG . 2B is 
a front view when the first light source 11 of the light 
receiving / emitting unit 10 is viewed from the positive side 
of the X - axis . FIG . 3 is a modification example of the 
configuration of the light receiving / emitting units , and FIG . 
4 is the perspective view of the light receiving / emitting units 
10 and 20 . 
[ 0056 ] As shown in FIG . 2A , in the light receiving 
emitting unit 10 , the first light source 11 , the first light 
condenser lens 13 , and the third light source 12 are config 
ured with a light guiding member that extends in the Y - axis 
direction . Accordingly , the first light source 11 and the third 
light source 12 can emit light on the entire width of the paper 
sheet 100 in the Y - axis direction when the paper sheet 100 
passes below those light sources . Similarly , the first light 
condenser lens 13 can condense light from the entire width 
of the paper sheet 100 in the Y - axis direction when the paper 
sheet 100 passes below the condenser lens . The first light 
source 11 , the first light condenser lens 13 , and the third light 
source 12 are arranged such that the paper sheet 100 passes 
below the first light source 11 first , then passes below the 
first light condenser lens 13 , and passes below the third light 
source 12 after that . 
[ 0057 ] A light emitting unit 31 is arranged on one side of 
the first light source 11 and a light emitting unit 32 is 
arranged on one side of the third light source 12 . The light 
emitting unit 31 includes four light emitting elements 33 and 
the light emitting unit 32 includes four light emitting ele 
ments 34 . When the light emitting elements 33 and 34 are 
turned on , light enters into the first light source 11 and the 
third light source 12 from the side of the light guiding 
members . Although omitted from FIG . 2 , with respect to the 
second light source 21 and the fourth light source 22 that are 
included in the light receiving / emitting unit 20 , as shown in 
FIG . 4 , by turning on the light emitting elements 43 included 
in light emitting units 41 , light is caused to enter from a side 
thereof . 
[ 0058 ] A configuration is shown in FIG . 2 in which the 
light emitting unit 31 and the light emitting unit 32 are 
arranged on the same side ( the negative side of the Y - axis 
direction ) ; however , as shown in FIG . 3A , the light emitting 
unit 31 and the light emitting unit 32 can be arranged on 
different sides . FIG . 3A shows a configuration in which the 
light emitting unit 31 is arranged on the positive side of the 
Y - axis direction of the first light source 11 and the light 
emitting unit 32 is arranged on the negative side of the 
Y - axis direction of the third light source 12 . Alternatively , as 
shown in FIG . 3B , the light emitting units 31 and 32 can be 

arranged on both the sides ( the positive side of the Y - axis 
direction and the negative side of the Y - axis direction ) of the 
first light source 11 and the third light source 12 , respec 
tively . 
[ 0059 ] In order to irradiate the paper sheet 100 with light 
of wavelengths necessary to acquire various image data , for 
example , LEDs ( Light Emitting Diodes ) each of which 
emits a light of a predetermined wavelength are employed as 
the light emitting elements 33 , 34 , and 43 used in the light 
emitting units 31 , 32 , and 41 . 
[ 0060 ] When lights of two wavelengths , infrared light and 
green visible light , are to be used , the four LEDs consisting 
of two LEDs that emit the infrared light and two LEDs that 
emit the green visible light can be used as the light emitting 
elements 33 , 34 and 43 . 
[ 0061 ] Out of the light emitting elements 33 and 34 , if the 
two LEDs of the infrared light are turned on , the infrared 
light is emitted on the face side of the paper sheet 100 from 
the first light source 11 and the third light source 12 , and 
face - side reflection image data for the infrared light can be 
obtained . Because the first light source 11 can also be used 
as the light source for the transmission image data , when the 
two LEDs of the infrared light in the light emitting element 
33 are turned on , transmission image data for the infrared 
light can be obtained . 
[ 0062 ] Similarly , out of the light emitting elements 33 and 
34 , if the two LEDs of the green visible light are turned on , 
the green visible light is emitted on the face side of the paper 
sheet 100 from the first light source 11 and the third light 
source 12 , and face - side reflection image data for the green 
visible light can be obtained . Also , when the two LEDs of 
the green visible light in the light emitting element 33 are 
turned on , transmission image data for the green visible light 
can be obtained . 
10063 ) Out of the light emitting elements 43 , if the two 
LEDs of the infrared light are turned on , the infrared light is 
emitted on the back side of the paper sheet 100 from the 
second light source 21 and the fourth light source 22 , and 
back - side reflection image data for the infrared light can be 
obtained . Similarly , out of the light emitting elements 43 , if 
the two LEDs of the green visible light are turned on , the 
green visible light is emitted on the back side of the paper 
sheet 100 from the second light source 21 and the fourth 
light source 22 , and back - side reflection image data for the 
green visible light can be obtained . 
[ 0064 ] An exemplary configuration is shown here in 
which a plurality of elements each of which emits different 
wavelength light are included in the light emitting elements 
33 , 34 , and 43 ; however , if one element can emit lights of 
different wavelengths , the light emitting units 31 , 32 , and 41 
can be configured with one or more of such elements . Also , 
the number and the emitting wavelength of the light emitting 
element to be used in the light emitting units 31 , 32 , and 41 
can be selected appropriately depending on the image to be 
obtained 
[ 0065 ] The light guiding member that functions as the first 
light source 11 has a directivity such that the light that has 
entered from the light emitting unit 31 arranged on the side 
thereof is scattered uniformly inside the first light source 11 , 
and thereafter exits in two directions so as to reach the first 
light condenser lens 13 and the second light condenser lens 
23 . The light guiding member that functions as the third light 
source 12 has a directivity such that the light that has entered 
from the light emitting unit 32 arranged on the side thereof 
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is scattered uniformly inside thereof , and thereafter exits in 
an obliquely downward direction so as to reach the first light 
condenser lens 13 . 
[ 0066 ] The light guiding members that function as the 
second light source 21 and the fourth light source 22 have a 
directivity such that the light that has entered from the light 
emitting units 41 arranged on the sides thereof is similarly 
scattered uniformly inside thereof , and thereafter exits in an 
upward direction so as to reach the second light condenser 
lens 23 . 
[ 0067 ] Regarding the light guiding member that changes 
the direction of exit of the light that has entered from a side 
thereof like the third light source 12 , the second light source 
21 , and the fourth light source 22 , because the technique 
disclosed in Japanese Patent Application Laid - open No . 
2010 - 267524 , for example , can be used , the detailed expla 
nation thereof will be omitted . 
[ 0068 ] Regarding the light guiding member that changes 
into two different directions the direction of exit of the light 
that has entered from a side thereof like the first light source 
11 , because the technique disclosed in Japanese Patent 
Application Laid - open No . 2008 - 216409 , for example , can 
be used , the detailed explanation thereof will be omitted . 
[ 0069 ] The first light receiving sensor 14 and the second 
light receiving sensor 24 are image sensors in which a 
plurality of elements , such as CCDs ( Charge - Coupled 
Devices ) or CMOSs ( Complementary Metal Oxide Semi 
conductors ) , are arranged on a line in the Y - axis direction , 
and they have a function of receiving the light that is 
reflected from the paper sheet 100 or the light that has passed 
through the paper sheet 100 and outputting line data that is 
used to form a paper sheet image . The first light receiving 
sensor 14 is arranged on the first substrate 15 and the second 
light receiving sensor 24 is arranged on the second substrate 
25 . 
[ 0070 ] The first substrate 15 includes a driving circuit for 
driving the first light receiving sensor 14 , and a signal 
processing circuit for processing a signal outputted from the 
first light receiving sensor 14 . The second substrate 25 
includes a driving circuit for driving the second light receiv 
ing sensor 24 , and a signal processing circuit for processing 
a signal outputted from the second light receiving sensor 24 . 
The first substrate 15 outputs to the sensor control / signal 
processing unit 40 a signal based on the light received by the 
first light receiving sensor 14 . The second substrate 25 
outputs to the sensor control / signal processing unit 40 a 
signal based on the light received by the second light 
receiving sensor 24 . 
10071 ] The first light condenser lens 13 has a function to 
condense the reflected light which is reflected from the paper 
sheet 100 when light is emitted by the first light source 11 
and the third light source 12 , and propagate the condensed 
light onto the first light receiving sensor 14 . The second light 
condenser lens 23 has a function to condense the transmitted 
light which has passed through the paper sheet 100 when 
light is emitted by the first light source 11 , or the reflected 
light which is reflected from the paper sheet 100 when light 
is emitted by the second light source 21 and the fourth light 
source 22 , and propagate the condensed light onto the 
second light receiving sensor 24 . 
10072 ] Next , the functional configuration of the image 
acquisition device will be explained . FIG . 5 is a functional 
block diagram for explaining the functional configuration of 
the image acquisition device . As shown in FIG . 5 , the 

light - source controlling unit 30 controls a lighting state of 
the light emitting units 31 , 32 , and 41 based on the positional 
information of the paper sheet 100 . Specifically , the light 
source controlling unit 30 controls a lighting time and a light 
quantity at the time of lighting by controlling on and off 
states and a current magnitude at the time of lighting of each 
of the light emitting elements 33 , 34 , and 43 included in the 
light emitting units 31 , 32 , and 41 , respectively . 
[ 0073 ] When the light emitting unit 31 emits light , the 
emitted light is incident on the first light source 11 , and the 
light is emitted on the face side of the paper sheet 100 by the 
first light source 11 . As a result , the first light source 11 
functions as a face - side reflective light source for acquiring 
the face - side reflection image data and a transmitted light 
source for acquiring the transmission image data . 
[ 0074 ] When the light emitting unit 32 emits light , the 
emitted light is incident on the third light source 12 , and the 
light is emitted on the face side of the paper sheet 100 by the 
third light source 12 . As a result , the third light source 12 
functions as a face - side reflective light source for acquiring 
the face - side reflection image data . 
[ 0075 ] When the light emitting units 41 emit lights , the 
emitted lights are incident on the second light source 21 and 
the fourth light source 22 , respectively , and the lights are 
emitted on the back side of the paper sheet 100 from the 
second light source 21 and the fourth light source 22 . As a 
result , the second light source 21 and the fourth light source 
22 function as back - side reflective light sources for acquir 
ing the back - side reflection image data . 
[ 0076 ] When the first light receiving sensor 14 receives 
the reflected light reflected from the face side of the paper 
sheet 100 , it accumulates an electric charge corresponding to 
the received light quantity . Similarly , when the second light 
receiving sensor 24 receives the reflected light reflected 
from the back side of the paper sheet 100 or the transmitted 
light passed through the paper sheet 100 , it accumulates an 
electric charge corresponding to the received light quantity . 
10077 ] The sensor control / signal processing unit 40 reads 
the electric charges accumulated in the first light receiving 
sensor 14 and the second light receiving sensor 24 as the 
outputs of the first light receiving sensor 14 and the second 
light receiving sensor 24 , subjects the read outputs to signal 
processing and amplification , and generates the face - side 
reflection image data , the transmission image data , and the 
back - side reflection image data . 
[ 0078 ] Next , the light - source controlling unit 30 and the 
sensor control / signal processing unit 40 will be explained in 
detail . FIG . 6 is a circuit diagram for explaining the light 
source controlling unit 30 and the sensor control / signal 
processing unit 40 . As shown in FIG . 6 , the light - source 
controlling unit 30 includes one operational amplifier that 
takes a transmissive light - source controlling voltage as the 
non - inverting input and another operational amplifier that 
takes a reflective light source controlling voltage as the 
non - inverting input . 
10079 ] The output of the operational amplifier that takes 
the transmissive light - source controlling voltage as the non 
inverting input is connected to a base of an NPN transistor 
via a resistance element having a resistance value R3 . A 
collector of this NPN transistor is connected to the light 
emitting unit 31 of the first light source 11 . An emitter of this 
NPN transistor is connected to the inverting input of the 
operational amplifier and also connected to the ground via a 
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resistance element having a resistance value R1 and a 
switch . This switch is turned on when a transmissive light - 
source ON signal is inputted . 
[ 0080 ] The output of the operational amplifier that takes 
the reflective light source controlling voltage as the non 
inverting input is connected to a base of an NPN transistor 
via a resistance element having a resistance value R3 . A 
collector of this NPN transistor is connected to the light 
emitting unit 31 of the first light source 11 . An emitter of this 
NPN transistor is connected to the non - inverting input of the 
operational amplifier and also connected to the ground via a 
resistance element having a resistance value R2 and a 
switch . This switch is turned on when a reflective light 
source ON signal is inputted . 
[ 0081 ] The reflective light - source ON signal is not input 
ted in a transmissive light - source ON state in which the 
transmissive light - source ON signal is inputted . Moreover , 
the transmissive light - source ON signal is not inputted in a 
reflective light - source ON state in which the reflective 
light - source ON signal is inputted . 
[ 0082 ] With such a configuration and control , in the trans 
missive light - source ON state , a current value of a light 
emission current supplied to the light emitting unit 31 is 
fixed based on the transmissive light - source controlling 
voltage and the resistance value Rl ; and in the reflective 
light - source ON state , a current value of a light emission 
current supplied to the light emitting unit 31 is fixed based 
on the reflective light - source controlling voltage and resis 
tance value R2 . Specifically , the light emission current in the 
transmissive light - source ON state becomes substantially 
equal to a value obtained by dividing the transmissive 
light - source controlling voltage by the resistance value R1 , 
and the light emission current in the reflective light - source 
ON state becomes substantially equal to a value obtained by 
dividing the reflective light - source controlling voltage by the 
resistance value R2 . 
[ 0083 ] Therefore , by appropriately setting the transmis 
sive light - source controlling voltage , the resistance value 
R1 , the reflective light - source controlling voltage , and the 
resistance value R2 , the current values of the light emission 
currents supplied to the light emitting unit 31 in the trans 
missive light signal ON state and the reflective light signal 
ON state can be adjusted . Because the brightness of the light 
emitting unit 31 depends on the current value of the light 
emission current , the brightness of the light emitting unit 31 
can be changed between the transmissive light signal ON 
state and the reflective light signal ON state by setting the 
current values of the light emission current to different 
values . 
[ 0084 ] Because the light emitting units 32 and 41 are used 
only as the reflective light source , an operational amplifier 
that takes the transmissive light - source controlling voltage 
as the non - inverting input and various elements connected to 
this operational amplifier become unnecessary . Accordingly , 
an operational amplifier that takes the reflected light voltage 
as the non - inverting input and various elements connected to 
this operational amplifier are only used . 
[ 0085 ] The sensor control / signal processing unit 40 con 
verts the output of the second light receiving sensor 24 into 
a digital value by using an AFE ( Analog Front End ) , and 
amplifies the digital value after cutting a dark output thereof . 
A gain for transmission image is used when in the trans 
missive light - source ON state and a gain for reflection image 
is used when in the reflective light - source ON state as an 

amplification factor for performing the amplification . A 
satisfactory transmission image data can be obtained by 
setting the gain for transmission image higher than the gain 
for reflection image . Because the first light receiving sensor 
14 is used only for the generation of the face - side reflection 
image data , the gain for reflection image is always used for 
the output of the first light receiving sensor 14 . 
[ 0086 ] Next , a modification example of the light - source 
controlling unit 30 will be explained . FIG . 7 is an explana 
tory diagram for explaining the modification example of the 
light - source controlling unit 30 . In the exemplary configu 
ration shown in FIG . 6 , two operational amplifiers , one 
operational amplifier that takes the transmissive light - source 
controlling voltage as the non - inverting input and another 
operational amplifier that takes the reflective light - source 
controlling voltage as the non - inverting input , have been 
used . However , it is possible to use only one operational 
amplifier . When only one operational amplifier is used , by 
varying the input thereof , the values of the light emission 
currents supplied to the light emitting unit 31 in the trans 
missive light signal ON state and the reflective light signal 
ON state can be adjusted . 
[ 0087 ] In the modification example shown in FIG . 7A , an 
output of a DAC ( Digital to Analog Converter ) is supplied 
as the non - inverting input of the operational amplifier . 
Moreover , the output of the operational amplifier is con 
nected to a base of an NPN transistor via a resistance 
element having a resistance value R3 . A collector of this 
NPN transistor is connected to the light emitting unit 31 of 
the first light source 11 . An emitter of this NPN transistor is 
connected to the inverting input of the operational amplifier 
and also connected to the ground via a resistance element 
having a resistance value R1 and a switch . This switch is 
turned on when any one of the transmissive light - source ON 
signal and the reflective light - source ON signal is inputted . 
[ 0088 ] In the configuration shown in FIG . 7A , the DAC is 
controlled so that the output of the DAC becomes the 
transmissive light - source controlling voltage when in the 
transmissive light signal ON state , and the output of the 
DAC becomes the reflective light - source controlling voltage 
when in the reflective light - source ON state . Accordingly , 
the values of the light emission currents supplied to the light 
emitting unit 31 in the transmissive light signal ON state and 
the reflective light signal ON state can be adjusted . 
[ 0089 ] FIG . 7B shows a modification example in which a 
DAC outputs both the transmissive light - source controlling 
voltage and the reflective light - source controlling voltage , 
and a switch is arranged so as to select one of these two 
outputs and supply the selected output to the non - inverting 
input of the operational amplifier . The other configuration is 
similar to the configuration of the modification example 
shown in FIG . 7A . In the configuration shown in FIG . 7B , 
because a waiting time required for changing an output 
voltage by the DAC is unnecessary , switching between the 
transmissive light signal ON state and the reflective light 
signal ON state can be performed speedily . 
[ 0090 ] Next , a concrete example of an operation of the 
image acquisition device will be explained . FIG . 8 is an 
explanatory diagram for explaining the concrete example of 
the operation of the image acquisition device . In the opera 
tion shown in FIG . 8 , when a unit time is “ t ” , the image 
acquisition device takes a clock signal MCLK of cycle T = 4t 
as a reference and repeats the operation for T1 to T3 ( = 12t ) . 

R2 
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[ 0091 ] The light - source controlling unit 30 controls the 
first light source 11 to set transmissive infrared light ON 
( transmissive light source for the infrared light is ON ) from 
a time point Ot to a time point 2t , and set transmissive 
infrared light OFF from the time point 2t to a time point 12t . 
Moreover , the light - source controlling unit 30 controls the 
first light source 11 to set transmissive green light OFF 
( transmissive light source for the green visible light is OFF ) 
from the time point 0t to a time point 4t , set transmissive 
green light ON from the time point 4t to a time point 6t , and 
set the transmissive green light OFF from the time point 6t 
to the time point 12t . 
[ 0092 ] The light - source controlling unit 30 controls the 
first light source 11 to set reflective infrared light ON 
( reflective light source for the infrared light is ON ) from a 
time point 8t to a time point 9t , and set reflective infrared 
light OFF at any other time point . Moreover , the light - source 
controlling unit 30 controls the first light source 11 to set 
reflective green light ON ( reflective light source for the 
green visible light is ON ) from the time point 2t to a time 
point 3t , from the time point ot to a time point 7t , and from 
a time point 10t to a time point 11t , and set reflective green 
light OFF at any other time point . 
[ 0093 ) Similarly , the light - source controlling unit 30 con 
trols the third light source 12 to set the reflective infrared 
light ON ( reflective light source for the infrared light is ON ) 
from the time point 8t to the time point 9t , and set the 
reflective infrared light OFF at any other time point . More 
over , the light - source controlling unit 30 controls the third 
light source 12 to set the reflective green light ON ( reflective 
light source for the green visible light is ON ) from the time 
point 2t to the time point 3t , from the time point 6t to the 
time point 7t , and from the time point 10t to the time point 
11t , and set the reflective green light OFF at any other time 
point . With regard to the first light source 11 , one and the 
same infrared LED is turned on at the time of the transmis 
sive infrared light ON and the reflective infrared light ON , 
however , as explained above , different light emission cur 
rents are supplied to the LED in those two states . 
10094 ) . Moreover , the light - source controlling unit 30 con 
trols the second light source 21 and the fourth light source 
22 to set the reflective green light ON ( reflective light source 
for the green visible light is ON ) from the time point 3t to 
the time point 41 , from the time point 7t to the time point 8t , 
and from the time point 11t to the time point 12t , and set the 
reflective green light OFF at any other time point . Further 
more , the light - source controlling unit 30 controls the sec 
ond light source 21 and the fourth light source 22 to set the 
reflective infrared light ON ( reflective light source for the 
infrared light is ON ) from the time point 9t to the time point 
10t , and set the reflective infrared light OFF at any other 
time point . 
[ 0095 ] With this control , the first light source 11 is turned 
on as a transmissive infrared light source ( transmissive light 
source for the infrared light ) from the time point Ot to the 
time point 2t , turned on as a reflective green light source 
( reflective light source for the green visible light ) from the 
time point 2t to the time point 3t , turned off from the time 
point 3t to the time point 4t , turned on as a transmissive 
green light source ( transmissive light source for the green 
visible light ) from the time point 4t to the time point 6t , 
turned on as the reflective green light source from the time 
point 6t to the time point 7t , turned off from the time point 
7t to the time point 8t , turned on as a reflective infrared light 

source ( reflective light source for the infrared light ) from the 
time point 8t to the time point 9t , turned off from the time 
point 9t to the time point 10t , turned on as the reflective 
green light source from the time point 10t to the time point 
lit , and turned off from the time point 11t to the time point 
12t . 
[ 0096 ] The third light source 12 is turned on as the 
reflective green light source from the time point 2t to the 
time point 3t , turned on as the reflective green light source 
from the time point 6t to the time point 7t , turned on as the 
reflective infrared light source from the time point 8t to the 
time point 9t , and turned on as the reflective green light 
source from the time point 10t to the time point 11t . The 
third light source 12 , when used as a reflective light source 
above the transport path , is always turned on or off simul 
taneously with the first light source 11 . 
10097 ] . The second light source 21 and the fourth light 
source 22 are turned on as the reflective green light source 
from the time point 3t to the time point 4t , turned on as the 
reflective green light source from the time point 7t to the 
time point 8t , turned on as the reflective infrared light source 
from the time point 9t to the time point 10t , turned on as the 
reflective green light source from the time point 11t to the 
time point 12t , and turned off at any other time point . 
[ 0098 ] The first light receiving sensor 14 receives face 
side reflected green light ( the green visible light reflected 
from the face side of the paper sheet 100 ) from the time point 
2t to the time point 3t , accumulates an electric charge , and 
the accumulated electric charge is read . The first light 
receiving sensor 14 receives the face - side reflected green 
light from the time point 6t to the time point 7t , accumulates 
an electric charge , and the accumulated electric charge is 
read . The first light receiving sensor 14 receives face - side 
reflected infrared light ( the infrared light reflected from the 
face side of the paper sheet 100 ) from the time point 8t to the 
time point 9t , and accumulates an electric charge . The first 
light receiving sensor 14 receives the face - side reflected 
green light from the time point 10t to the time point 11t , and 
accumulates an electric charge . Dummy reading is per 
formed at time points other that those mentioned here , but 
the read data is not used for the generation of the image data . 
[ 0099 ] The second light receiving sensor 24 receives 
transmitted infrared light ( the infrared light that has passed 
through the paper sheet 100 ) from the time point Ot to the 
time point 2t , accumulates electric charge , and the accumu 
lated electric charge is read . The second light receiving 
sensor 24 receives back - side reflected green light ( the green 
visible light reflected from the back side of the paper sheet 
100 ) from the time point 3t to the time point 4t , accumulates 
electric charge , and the accumulated electric charge is read . 
The second light receiving sensor 24 receives transmitted 
green light ( the green visible light that has passed through 
the paper sheet 100 ) from the time point 4t to the time point 
6t , accumulates an electric charge , and the accumulated 
electric charge is read . The second light receiving sensor 24 
receives the back - side reflected green light from the time 
point 7t to the time point 8t , accumulates electric charge , and 
the accumulated electric charge is read . The second light 
receiving sensor 24 receives back - side reflected infrared 
light ( the infrared light reflected from the back side of the 
paper sheet 100 from the time point 9t to the time point 10t , 
accumulates electric charge , and the accumulated electric 
charge is read . The second light receiving sensor 24 receives 
the back - side reflected green light from the time point 11t to 
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the time point 12t , and accumulates electric charge . Dummy 
reading is performed at time points other that those men 
tioned here , but the read data is not used for the generation 
of the image data . 
[ 0100 ] In this manner , in the operation shown in FIG . 8 , 
because time for each of the light reception and the light 
emission for the reflected light is set to 1t in contrast to 2t 
for the same for the transmitted light , sufficient electric 
charge can be accumulated even when the second light 
receiving sensor 24 receives the transmitted light , and sat 
isfactory output can be obtained . 
[ 0101 ] Because the light reception and the light emission 
are performed while the paper sheet 100 is being trans 
ported , the cycle of the light reception and the light emission 
influences the resolution of the acquired image data . The 
reason why the light reception and the light emission are 
performed for every 12t for the reflective infrared light , 
whereas the same is performed for every 4t for the reflective 
green light , is because the resolution necessary to recognize 
the paper sheet varies according to wavelengths . 
[ 0102 ] In the operation example shown in FIG . 8 , a case 
is explained in which the light reception and the light 
emission are performed separately for generating each of the 
face - side reflection image data and the transmission image 
data ; however , the light reception for generating the trans 
mission image data can be performed simultaneously with 
the light reception and the light emission performed for the 
generation of the face - side reflection image data . 
[ 0103 ] By performing the light reception for generating 
the transmission image data simultaneously with the light 
reception and the light emission performed for the genera 
tion of the face - side reflection image data , the face - side 
reflection image data and the transmission image data can be 
acquired simultaneously . 
[ 0104 ] FIG . 9 is an explanatory diagram for explaining a 
concrete example of an operation of the image acquisition 
device when performing such simultaneous acquiring . In the 
operation shown in FIG . 9 , when a unit time is “ t ” , the image 
acquisition device takes a clock signal MCLK of period 
T = 5t as a reference and repeats the operation for T1 to T2 
( = 100 ) . 
[ 0105 ] The light - source controlling unit 30 controls the 
first light source 11 to set transmissive / reflective infrared 
light ON from a time point Ot to a time point 2t , and set 
transmissive / reflective infrared light OFF from the time 
point 2t to a time point 5t . Moreover , the light - source 
controlling unit 30 controls the first light source 11 to set the 
transmissive / reflective infrared light ON from the time point 
5t to a time point 6t , and set the transmissive / reflective 
infrared light OFF from the time point 6t to a time point 10t . 
Moreover , the light - source controlling unit 30 controls the 
first light source 11 to set transmissive / reflective green light 
OFF from the time point Ot to a time point 3t , and set 
transmissive / reflective green light ON from the time point 3t 
to a time point 4t . Moreover , the light - source controlling unit 
30 controls the first light source 11 to set the transmissive / 
reflective green light OFF from the time point 4t to a time 
point 7t , set the transmissive / reflective green light ON from 
the time point 7t to a time point 9t , and set the transmissive / 
reflective green light OFF from the time point 9t to the time 
point 101 . 
[ 0106 ] The light - source controlling unit 30 controls the 
third light source 12 to set the reflective infrared light ON 
from the time point 0t to a time point 1t , set the reflective 

infrared light ON from the time point 5t to the time point 6t , 
and set the reflective infrared light OFF at any other time 
point . The light - source controlling unit 30 controls the third 
light source 12 to set the reflective green light ON from the 
time point 3t to the time point 4t , set the reflective green light 
ON from the time point 7t to a time point 8t , and set the 
reflective green light OFF at any other time point . 
[ 0107 ] Moreover , the light - source controlling unit 30 con 
trols the second light source 21 and the fourth light source 
22 to set the reflective green light ON from the time point 4t 
to the time point 5t and from the time point 9t to the time 
point 10t , and set the reflective green light OFF at any other 
time point . Furthermore , the light - source controlling unit 30 
controls the second light source 21 and the fourth light 
source 22 to set the reflective infrared light ON from the 
time point 2t to the time point 3t and from the time point 6t 
to the time point 7t , and set the reflective infrared light OFF 
at any other time point . In the embodiment shown in FIG . 9 , 
the first light source 11 and the third light source 12 are 
always turned on or off simultaneously while emitting the 
lights having the same wavelength . 
[ 0108 ] With this control , the first light source 11 is turned 
on to function both as the transmissive infrared light source 
and as the reflective infrared light source from the time point 
Ot to the time point 2t , turned off from the time point 2t to 
the time point 3t , turned on as the reflective green light 
source from the time point 3t to the time point 4t , turned off 
from the time point 4t to the time point 5t , turned on as the 
reflective infrared light source from the time point 5t to the 
time point 6t , turned off from the time point 6t to the time 
point 7t , turned on to function both as the transmissive green 
light source and as the reflective green light source from the 
time point 7t to the time point 9t , and turned off from the 
time point 9t to the time point lot . 
[ 0109 ] The third light source 12 is turned on as the 
reflective infrared light source from the time point Ot to the 
time point it , turned on as the reflective green light source 
from the time point 3t to the time point 4t , turned on as the 
reflective infrared light source from the time point 5t to the 
time point 6t , turned on as the reflective green light source 
from the time point 7t to the time point 8t , and turned off at 
any other time point . 
0110 ] The second light source 21 and the fourth light 
source 22 are turned on as the reflective infrared light source 
from the time point 2t to the time point 3t , turned on as the 
reflective green light source from the time point 4t to the 
time point 5t , turned on as the reflective infrared light source 
from the time point 6t to the time point 7t , turned on as the 
reflective green light source from the time point 9t to the 
time point 10t , and turned off at any other time point . 
[ 0111 ] The first light receiving sensor 14 receives the 
face - side reflected infrared light from the time point Ot to the 
time point t , accumulates electric charge , and the accumu 
lated electric charge is read . The first light receiving sensor 
14 receives the face - side reflected green light from the time 
point 3t to the time point 4t , accumulates electric charge , and 
the accumulated electric charge is read . The first light 
receiving sensor 14 receives the face - side reflected infrared 
light from the time point 5t to the time point 6t , accumulates 
electric charge , and the accumulated electric charge is read . 
The first light receiving sensor 14 receives the face - side 
reflected green light from the time point 7t to the time point 
8t , accumulates electric charge , and the accumulated electric 
charge is read . Dummy reading is performed at time points 
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invention , and the configuration and the operation can be 
appropriately changed and implemented . For example , it is 
allowable to employ a configuration in which the number of 
the LEDs turned on is changed in the case of generating the 
reflection image data and in the case of generating the 
transmission image data thereby realizing appropriate light 
quantity for the generation of their respective image data . 
Moreover , the lighting time of each of the light sources , the 
accumulation time of each of the light receiving sensors , and 
the like can be set different for every wavelength . 
[ 0117 ] In the present embodiment , an example is 
explained in which the infrared light and the green visible 
light is used ; however , the present invention can be similarly 
applied even when the lights from the ultraviolet to the 
infrared band are used . 

INDUSTRIAL APPLICABILITY 
[ 0118 ] As explained above , the image acquisition device 
and the image acquisition method according to the present 
invention are suitable for acquiring satisfactory reflection 
image and transmission image of the paper sheet while 
realizing the downsizing of the device . 

other that those mentioned here , but the read data is not used 
for the generation of the image data . 
[ 0112 ] The second light receiving sensor 24 receives the 
transmitted infrared light from the time point Ot to the time 
point 2t , accumulates electric charge , and the accumulated 
electric charge is read . The second light receiving sensor 24 
receives the back - side reflected infrared light from the time 
point 2t to the time point 3t , accumulates electric charge , and 
the accumulated electric charge is read . The second light 
receiving sensor 24 receives the back - side reflected green 
light from the time point 4t to the time point 5t , accumulates 
electric charge , and the accumulated electric charge is read . 
The second light receiving sensor 24 receives the back - side 
reflected infrared light from the time point 6t to the time 
point 7t , accumulates electric charge , and the accumulated 
electric charge is read . The second light receiving sensor 24 
receives the transmitted green light from the time point 7t to 
the time point 9t , accumulates an electric charge , and the 
accumulated electric charge is read . The second light receiv 
ing sensor 24 receives the back - side reflected green light 
from the time point 9t to the time point 10t , accumulates 
electric charge , and the accumulated electric charge is read . 
Dummy reading is performed at time points other that those 
mentioned here , but the read data is not used for the 
generation of the image data . 
[ 0113 ] In this manner , in the operation shown in FIG . 9 , 
because acquiring of the face - side reflected light and the 
transmitted light is performed simultaneously from the time 
point 0t to the time point t and from the time point 7t to the 
time point 8t , the face - side reflection image data , the back 
side reflection image data , and the transmission image data 
can be acquired by repeating the operation for 10t . There 
fore , realization of improvement of the resolution becomes 
possible in comparison of a case shown in FIG . 8 where the 
operation is repeated for 12t . 
[ 0114 ] As explained above , in the image acquisition 
device according to the present embodiment , because the 
first light source 11 is used in common for the generation of 
the face - side reflection image data and the generation of the 
transmission image data , and the second light receiving 
sensor 24 is used in common for the generation of the 
back - side reflection image data and the generation of the 
transmission image data , the face - side reflection image data , 
the transmission image data , and the back - side reflection 
image data can be obtained with a small and low - cost device 
configuration . In this manner , if downsizing of the image 
acquisition device can be realized , the empty space that 
became available by the downsizing can be used to arrange 
driving members for transporting the paper sheet 100 , 
whereby the paper sheet 100 can be transported stably . 
[ 0115 ] In the image acquisition device according to the 
present embodiment , the brightness of the first light source 
11 , the lighting time of the first light source 11 , the accu 
mulation time in which optical charge is accumulated in the 
second light receiving sensor 24 , a reading time in which 
output signal is read from the second light receiving sensor 
24 , and the amplification factor by which the output of the 
second light receiving sensor 24 is amplified are controlled 
by taking into account the directivity of the first light source 
11 in two directions , and thus the light quantity necessary for 
the generation of satisfactory transmission image data can be 
acquired . 
[ 0116 ] The configuration and the operation disclosed in 
the present embodiment is not intended to limit the present 

EXPLANATION OF REFERENCE NUMERALS 
[ 0119 ] 10 , 20 Light receiving / emitting unit 
[ 0120 ] 11 First light source 
[ 0121 ] 12 Third light source 
[ 0122 ] 13 First light condenser lens 
[ 0123 ] 14 First light receiving sensor 
10124 ] 15 First substrate 
101251 16 , 26 Transparent member 
[ 0126 ] 17 , 27 Housing 
[ 0127 ] 21 Second light source 
[ 0128 ] 22 Fourth light source 
10129 ) 23 Second light condenser lens 
[ 0130 ] 24 Second light receiving sensor 
[ 0131 ] 25 Second substrate 
0132 ] 30 Light - source controlling unit 
0133 ] 31 , 32 , 41 Light emitting unit 
[ 0134 ] 33 , 34 , 43 Light emitting element 
[ 0135 ] 40 Sensor control / signal processing unit 
[ 0136 ] 100 Paper sheet 
What is claimed is : 
1 . An image acquisition device that acquires image data of 

a paper sheet , comprising : 
a first light source that is arranged to emit light to a first 

surface of the paper sheet and has directivity by which 
the light is emitted in a first direction and a second 
direction ; 

a first light receiving sensor arranged to receive light that 
has been emitted in the first direction and reflected from 
the paper sheet ; and 

a second light receiving sensor arranged to receive light 
that has been emitted in the second direction and passed 
through the paper sheet , 

wherein a quantity of light emitted in the second direction 
is larger than a quantity of light emitted in the first 
direction . 

2 . The image acquisition device according to claim 1 , 
further comprising 

a transport path arranged between the first light source 
and the second light receiving sensor to transport the 
paper sheet ; 
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wherein the first light source emits the light to the paper 
sheet being transported on the transport path . 

3 . The image acquisition device according to claim 2 , 
wherein a line connecting the first light source and the 
second light receiving sensor is perpendicular to a surface of 
the paper sheet transported on the transport path . 

4 . The image acquisition device according to claim 1 , 
further comprising 

a second light source arranged to emit light to a second 
surface of the paper sheet , the second surface being 
opposite side of the first surface ; 

wherein the second light receiving sensor receives light 
that has been emitted by the second light source and 
reflected from the paper sheet . 

5 . The image acquisition device according to claim 4 , 
further comprising : 

a third light source arranged to emit light to the first 
surface of the paper sheet ; and 

a fourth light source arranged to emit light to the second 
surface of the paper sheet ; 

wherein 
the first light receiving sensor is arranged between the first 

light source and the third light source , and 
the second light receiving sensor is arranged between the 

second light source and the fourth light source . 
6 . The image acquisition device according to claim 1 , 

wherein 
the first light source includes 

a light guiding member having the directivity ; and 
a light emitting unit that emits light ; 

wherein 
the light emitted from the light emitting unit enters into 

the light guiding member and exits in the first direction 
and the second direction . 

7 . The image acquisition device according to claim 2 , 
wherein 

the first light source emits the light on entire surface of the 
paper sheet while the paper sheet is being transported 
on the transport path , 

the first light receiving sensor captures a reflection image 
of an entire surface of the paper sheet , and 

the second light receiving sensor captures a transmission 
image of the entire surface . 

8 . The image acquisition device according to claim 4 , 
wherein 

an accumulation time , during which the second right 
receiving sensor accumulates optical charge of the light 
that has passed through the paper sheet , is longer than 
one or both of 

an accumulation time during which the first light receiv 
ing sensor accumulates optical charge of the light that 
has been reflected from the first surface of paper sheet , 
and 

an accumulation time during which the second light 
receiving sensor accumulates optical charge of the light 
that has been reflected from the second surface of the 
paper sheet . 

9 . The image acquisition device according to claim 4 , 
wherein 

a lighting time , during which the first light source emits 
the light and the second light receiving unit receives the 
light passed through the paper sheet , is longer than one 
or both of 

a lighting time , during which the first light source emits 
the light and the first light receiving sensor receives the 
light reflected from the paper sheet and 

a lighting time , during which the second light source 
emits the light and the second light receiving sensor 
receives the light reflected from the paper sheet . 

10 . The image acquisition device according to claim 4 , 
wherein 

a light emission current supplied to the first light source 
when the second light receiving sensor receives the 
light passed through the paper sheet is larger than one 
or both of 

a light emission current supplied to the first light source 
when the first light receiving sensor receives the light 
reflected from the paper sheet and 

a light emission current supplied to the second light 
source when the second light receiving sensor receives 
the light reflected from the paper sheet . 

11 . The image acquisition device according to claim 4 , 
wherein 

an amplification factor for amplifying an output of the 
second light receiving sensor when receiving the light 
passed through the paper sheet is higher than one or 
both of 

an amplification factor for amplifying an output of the 
first light receiving sensor when receiving the light 
reflected from the paper sheet and 

an amplification factor for amplifying an output of the 
second light receiving sensor when receiving the light 
reflected from the paper sheet . 

12 . The image acquisition device according to claim 1 , 
wherein 

reception of the light reflected from the paper sheet by the 
first light receiving sensor , and 

reception of the light passed through the paper sheet by 
the second light receiving sensor , 

are performed simultaneously . 
13 . The image acquisition device according to claim 4 , 

wherein 
one or both of the first light source and the second light 

source performs light emission of different wave 
lengths in a time division manner , and 

at least one among 
a lighting time of one or both of the first light source 

and the second light source , 
a light emission current to be supplied to one or both of 

the first light source and the second light source , 
an accumulation time of the first light receiving sensor 
and the second light receiving sensor , and 

an amplification factor for amplifying an output of the 
first light receiving sensor and the second light 
receiving sensor , 

are changed based on the wavelength . 
14 . An image acquisition method of acquiring image data 

of a paper sheet , comprising : 
emitting light to one surface of the paper sheet from a 

light source that has directivity by which the light is 
emitted in a first direction and a second direction ; 

receiving light that has been emitted in the first direction 
and reflected from the paper sheet , by a first receiving 
sensor 

receiving light that has been emitted in the second direc 
tion and passed through the paper sheet , by a second 
receiving sensor 

light 
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wherein a quantity of light emitted in the second direction 
from the light source is higher than a quantity of light 
emitted in the first direction from the light source . 

* * * * * 


