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( 57 ) ABSTRACT 
A correction plate has the same plane size as a small region 
obtained by equally dividing an image detection region . In 
addition , the correction plates whose number is equal to the 
number of small regions are prepared . In a maintenance 
mode , a plurality of correction plates are laid in the image 
detection region such that the entire image detection region 
is covered with the plurality of correction plates . In this 
state , scanning is performed and a correction image signal 
obtained by detecting fluorescent light from the correction 
plate is output . An acquisition unit of a console acquires a 
correction image signal and a creation unit creates a correc 
tion image on the basis of the correction image signal . A 
correction unit performs shading correction on the basis of 
the correction image . 
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SHADING CORRECTION APPARATUS AND 
METHOD FOR OPERATING SHADING 

CORRECTION APPARATUS 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application claims priority under 35 USC 119 
from Japanese Patent Application No . 2017 - 016556 , filed 1 
Feb . 2017 , the disclosure of which is incorporated by 
reference herein . 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[ 0002 ] The present invention relates to a shading correc 
tion apparatus and a method for operating the shading 
correction apparatus . 

2 . Description of the Related Art 
[ 0003 ] An image reading apparatus has been known which 
includes an excitation light source that irradiates an image 
carrier , which carries image information and includes a 
fluorescent material , with excitation light , and a detection 
unit that detects fluorescence image on the basis of fluores 
cent light emitted from the fluorescent material excited by 
the excitation light . The image carrier includes a material 
obtained by fluorescently labeling a biological material , 
such as deoxyribonucleic acid ( DNA ) , ribonucleic acid 
( RNA ) , or protein , as a sample with a fluorescent pigment 
and fluorescent protein that has fluorescent properties caused 
by gene expression . 
[ 0004 ] . In the image reading apparatus , in some cases , 
shading which is density unevenness caused by the configu 
ration of the apparatus occurs in a fluorescence image . In the 
related art , a technique which corrects the shading has been 
proposed . A dedicated correction plate is used to correct the 
shading . The correction plate includes a fluorescent material 
having the wavelength characteristics in which an excitation 
wavelength band and an emission wavelength band at least 
partially overlap an excitation wavelength band and an 
emission wavelength band of the fluorescent material in the 
image carrier , respectively . 
[ 0005 ] For example , JP2003 - 315944A discloses an image 
reading apparatus that uses one flat plate as a correction 
plate . The correction plate disclosed in JP2003 - 315944A has 
a plane size that is substantially equal to the plane size of an 
image detection region which is irradiated with excitation 
light from an excitation light source and in which fluorescent 
light is detected by a detection unit . 
[ 0006 ] The correction plate disclosed in JP2003 - 315944A 
which has a plane size substantially equal to the plane size 
of the image detection region has a relatively large plane 
size . Therefore , the correction plate is likely to warp and the 
warpage state of the correction plate is likely to change 
depending on a usage environment . In addition , fluorescence 
characteristics in the plane are likely to be non - uniform . In 
a case in which the correction plate warps , the warpage state 
of the correction plate changes , or the fluorescence charac 
teristics in the plane are non - uniform , it is difficult to 
accurately perform shading correction . 

SUMMARY OF THE INVENTION 
[ 0007 ] An object of the invention is to provide a shading 
correction apparatus that can accurately perform shading 
correction and a method for operating the shading correction 
apparatus . 
10008 ] In order to solve the above - mentioned problems , 
according to the invention , there is provided a shading 
correction apparatus that is used for an image reading 
apparatus including an excitation light source that irradiates 
an image carrier , which carries image information and 
includes a fluorescent material , with excitation light in an 
image detection region , and a detection unit that detects a 
fluorescence image on the basis of fluorescent light emitted 
from the fluorescent material excited by the excitation light , 
and corrects shading which is density unevenness in the 
fluorescence image detected by the detection unit . The 
shading correction apparatus comprises : a flat - plate - shaped 
correction plate that has a wavelength characteristic in 
which an excitation wavelength band and an emission 
wavelength band at least partially overlap an excitation 
wavelength band and an emission wavelength band of the 
fluorescent material , respectively , and has a plane size 
corresponding to a plurality of small regions in the image 
detection region ; an acquisition unit that acquires a correc 
tion image signal detected by the detection unit in a state in 
which the correction plate is disposed in the corresponding 
small region in the image detection region ; a creation unit 
that creates a correction image on the basis of the correction 
image signal of each small region in the image detection 
region ; and a correction unit that performs shading correc 
tion for the fluorescence image on the basis of the correction 
image . 
[ 0009 ] Preferably , the image detection region is equally 
divided into the small regions . 
[ 0010 ] Preferably , the correction image is created from the 
correction image signal of each small region obtained by 
irradiating the correction plate disposed in each small region 
with the excitation light . 
[ 0011 ] Preferably , the correction image is created from the 
correction image signal of each small region obtained by 
moving the correction plates whose number is less than the 
number of small regions from an initial position one or more 
times and irradiating the correction plates with the excitation 
light at the initial position and the moved positions . 
[ 0012 ] Preferably , in a case in which there are a plurality 
of the correction plates , fluorescence characteristic values of 
the plurality of correction plates are stored in a storage unit 
in advance and the creation unit divides the correction image 
signal of each small region by the characteristic value of the 
corresponding correction plate to correct a variation in the 
fluorescence characteristics of the plurality of correction 
plates and creates the correction image . 
[ 0013 ] Preferably , the creation unit performs interpolation 
or extrapolation with the correction image signal of each 
small region to create the correction image . 
[ 0014 ] Preferably , the creation unit creates the correction 
image and stores the correction image in the storage unit 
before the shading correction is performed . Preferably , in a 
case in which the shading correction is performed , the 
correction unit reads out the correction image from the 
storage unit . 
[ 0015 ] Preferably , the correction plate has the same plane 
size as the small region and is laid in the image detection 
region . Alternatively , preferably , the correction plate has a 
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smaller plane size than the small region . In addition , pref - 
erably , the shading correction apparatus further includes a 
holding frame that holds the correction plate and is provided 
in the image detection region . 
[ 0016 ] Preferably , the correction plate has an index indi 
cating the up , down , left , and right sides of the correction 
plate and the front and rear sides of the correction plate . In 
addition , preferably , the number of small regions is equal to 
or greater than 9 . 
[ 0017 ] According to the invention , there is provided a 
method for operating a shading correction apparatus that is 
used for an image reading apparatus including an excitation 
light source that irradiates an image carrier , which carries 
image information and includes a fluorescent material , with 
excitation light in an image detection region , and a detection 
unit that detects a fluorescence image on the basis of 
fluorescent light emitted from the fluorescent material 
excited by the excitation light , and corrects shading which is 
density unevenness in the fluorescence image detected by 
the detection unit . The method comprises : an acquisition 
step of acquiring a correction image signal detected by the 
detection unit in a state in which a flat - plate - shaped correc 
tion plate , which has a wavelength characteristic in which an 
excitation wavelength band and an emission wavelength 
band at least partially overlap an excitation wavelength band 
and an emission wavelength band of the fluorescent mate 
rial , respectively , and has a plane size corresponding to a 
plurality of small regions in the image detection region , is 
disposed in the corresponding small region in the image 
detection region ; a creation step of creating a correction 
image on the basis of the correction image signal of each 
small region in the image detection region , and a correction 
step of performing shading correction for the fluorescence 
image on the basis of the correction image . 
[ 0018 ] According to the invention , the correction plate 
with a plane size corresponding to a plurality of small 
regions in the image detection region of the fluorescence 
image is used . Therefore , in a case in which the correction 
plates have the same thickness and hardness , the correction 
plate is less likely to warp than a correction plate with a 
plane size that is substantially equal to the plane size of the 
image detection region and the warpage state is less likely to 
change depending on a usage environment . In addition , 
fluorescence characteristics in the plane are less likely to be 
non - uniform . Therefore , it is possible to provide a shading 
correction apparatus that can accurately perform shading 
correction and a method for operating the shading correction 
apparatus . 

[ 0025 ] FIG . 7 is a diagram illustrating an aspect in which 
scanning is performed for first to third correction plates to 
obtain first to fourth correction image signals . 
[ 0026 ] FIG . 8 is a diagram illustrating the position of small 
regions . 
[ 0027 ] FIG . 9 is a graph illustrating a change in a correc 
tion image signal . 
[ 0028 ] FIG . 10 is a block diagram illustrating a console . 
[ 0029 ] FIG . 11 is a block diagram illustrating a CPU of the 
console . 
[ 0030 ] FIG . 12 is a diagram illustrating fluorescence char 
acteristic value information . 
[ 0031 ] FIG . 13 is a diagram illustrating the schematic 
procedure of processes in a maintenance mode and a normal 
mode . 
[ 0032 ] FIG . 14 is a flowchart illustrating the procedure of 
the process in the maintenance mode . 
[ 0033 ] FIG . 15 is a flowchart illustrating the procedure of 
the process in the normal mode . 
[ 0034 ] FIG . 16 is a diagram illustrating an aspect in which 
one correction plate is moved to obtain a correction image 
signal . 
10035 ] FIG . 17 is a cross - sectional view illustrating a 
holding frame for a correction plate . 
[ 0036 ] FIG . 18 is a diagram illustrating an aspect in which 
a plurality of correction plates are moved to obtain a 
correction image signal . 
[ 0037 ] FIG . 19 is a diagram illustrating a correction plate 
having a smaller plane size than a small region . 
[ 0038 ] FIG . 20 is a diagram illustrating another example 
of the holding frame . 
[ 0039 ] FIG . 21 is a diagram illustrating another example 
of an optical head . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0019 ] FIG . 1 is a diagram illustrating an image detection 
system . 
[ 0020 ] FIG . 2 is a diagram schematically illustrating an 
image reading apparatus . 
0021 ] FIG . 3 is a diagram schematically illustrating an 

optical head . 
[ 0022 ] FIG . 4 is a block diagram illustrating the image 
reading apparatus . 
[ 0023 ] FIG . 5 is a perspective view illustrating a correc 
tion plate , a holding frame , and a stage . 
[ 0024 ] FIG . 6 is a cross - sectional view illustrating the 
correction plate , the holding frame , and the stage . 

[ 0040 ] In FIG . 1 , an image detection system 10 includes 
an image reading apparatus 11 and a console 12 that forms 
a shading correction apparatus together with a correction 
plate 65 ( see FIG . 5 ) which will be described below . The 
image reading apparatus 11 and the console 12 are con 
nected to each other by , for example , a universal serial bus 
( USB ) communication cable such that they can exchange 
data . 
10041 ] The image reading apparatus 11 detects fluorescent 
light FL ( see FIG . 2 ) from an image carrier 13 carrying 
image information and outputs a fluorescence image based 
on the detected fluorescent light FL . The image carrier 13 is 
a gel support or a transfer support on which an electropho 
resis pattern of a biological material , such as DNA , RNA , or 
protein , as a sample or a biological material including 
fluorescent protein that has fluorescent properties caused by 
gene expression is recorded or a cell or a living tissue 
including the fluorescent protein . 
[ 0042 ] The biological material is fluorescently labeled by 
a fluorescent pigment . In addition , the fluorescent protein 
has fluorescent properties . Therefore , the fluorescent light 
FL to be detected is emitted from a fluorescent material such 
as a fluorescent pigment or fluorescent protein . There are a 
plurality of kinds of fluorescent materials which have dif 
ferent excitation wavelengths and emission wavelengths . 



US 2018 / 0220087 A1 Aug . 2 , 2018 

[ 0043 ] For example , a fluorescent pigment C2 is excited 
by blue excitation light which will be described below and 
emits blue fluorescent light with a longer wavelength than 
the blue excitation light . A fluorescent pigment C3 is excited 
by green excitation light which will be described below and 
emits green fluorescent light with a longer wavelength than 
the green excitation light . A fluorescent pigment C5 is 
excited by red excitation light which will be described below 
and emits red fluorescent light with a longer wavelength 
than the red excitation light . The fluorescent pigment C2 is , 
for example , Cy2 ( registered trademark ) . The fluorescent 
pigment C3 is , for example , Cy3 ( registered trademark ) . The 
fluorescent pigment C5 is , for example , Cy5 ( registered 
trademark ) . For example , in the case of green fluorescent 
protein ( GFP ) , the fluorescent protein is excited by blue 
excitation light and emits green fluorescent light . In addi 
tion , for example , the following fluorescent protein has been 
known : yellow fluorescent protein ( YFP ) that is excited by 
green excitation light and emits yellow - green fluorescent 
light ; and red fluorescent protein ( RFP ) that is excited by 
orange excitation light and emits red fluorescent light . 
[ 0044 ] The entire image reading apparatus 11 is covered 
by a housing 14 . The housing 14 shields the inside of the 
image reading apparatus 11 from external light that becomes 
noise in the detection of the fluorescent light FL . An 
openable and closable cover 15 for setting the image carrier 
13 in the image reading apparatus 11 is provided on the front 
surface of the housing 14 . In addition , reference numeral 16 
indicates an openable and closable cover for replacing a 
filter unit 30 ( see FIG . 2 ) . 
10045 ] . The console 12 is , for example , a desktop personal 
computer and includes a display 17 and an operation unit 18 
including a keyboard and a mouse . The display 17 displays 
a screen that is used to operate the operation unit 18 . The 
screen used for an operation forms a graphical user interface 
( GUI ) . The console 12 receives an operation command that 
is input from the operation unit 18 through the screen of the 
display 17 . 
[ 0046 ] In FIG . 2 , the image reading apparatus 11 is 
provided with a stage 25 , excitation light sources 26A , 26B , 
26C , and 26D , a light source optical system 27 , a light guide 
optical system 28 , an optical head 29 , a filter unit 30 , and a 
photomultiplier 31 corresponding to a detection unit . 
[ 0047 ] The stage 25 holds the image carrier 13 . The stage 
25 has a bottom 25A that has a box shape surrounded by four 
side surfaces 25B . A mark 25C for positioning with a 
holding frame 66 ( see FIG . 5 ) is formed at one of four 
corners where the side surfaces 25B intersect each other . 
[ 0048 ] Most of the bottom 25A is a rectangular opening 
and a transparent glass plate 32 is fitted to the opening . 
Therefore , in the glass plate 32 , a plane size which is the area 
of the XY plane formed by a main scanning direction X and 
a sub - scanning direction Y is slightly less than the size of the 
bottom 25A . The image carrier 13 is placed on the glass 
plate 32 . 
( 0049 ] A rectangular region delimited by the frame of the 
glass plate 32 corresponds to an image detection region 33 
( see FIG . 5 ) that is irradiated with excitation light by the 
optical head 29 and detects fluorescent light . In the image 
detection region 33 , for example , the length of a side along 
the main scanning direction X is 400 mm and the length of 
a side along the sub - scanning direction Y is 460 mm . As 
illustrated in FIG . 2 , there is an image carrier 13 having a 
smaller plane size than the image detection region 33 . In 

addition , there is an image carrier 13 ( not illustrated ) having 
a plane size that is equal to or slightly less than that of the 
image detection region 33 . In any case , the image carrier 13 
does not protrude from the image detection region 33 . 
10050 ] The excitation light sources 26A to 26D emit the 
excitation light EL ( represented by a one - dot chain line ) of 
a fluorescent material . The excitation light sources 26A to 
26D having different emission wavelength bands of the 
excitation light EL are prepared in order to respond to a 
plurality of kinds of fluorescent materials . 
[ 0051 ] Specifically , the excitation light source 26A emits 
infrared excitation light with a center wavelength of 770 nm 
to 800 nm , for example , a center wavelength of 785 nm . The 
excitation light source 26B emits red excitation light with a 
center wavelength of 650 nm to 690 nm , for example , a 
center wavelength of 685 nm . The excitation light source 
26C emits green excitation light with a center wavelength of 
520 nm to 540 nm , for example , a center wavelength of 532 
nm . The excitation light source 26D emits blue excitation 
light with a center wavelength of 460 nm to 490 nm , for 
example , a center wavelength of 473 nm . The excitation 
light sources 26A , 26B , and 26D are , for example , semi 
conductor lasers and the excitation light source 26C is , for 
example , a second harmonic generation element . 
[ 0052 ] The center wavelength is the wavelength of the 
center of the width ( half width ) of half of the maximum 
intensity of the emission spectrum of excitation light . Here 
inafter , in some cases , the excitation light source 26A is 
referred to as an infrared excitation light source 26A , the 
excitation light source 26B is referred to as a red excitation 
light source 26B , the excitation light source 26C is referred 
to as a green excitation light source 26C , and the excitation 
light source 26D is referred to as a blue excitation light 
source 26D . In addition , in some cases , the excitation light 
sources 26A to 26D are collectively referred to as excitation 
light sources 26 . 
[ 0053 ] The emission wavelength band of the excitation 
light EL is not limited to the above . For example , the red 
excitation light source 26B may emit red excitation light 
with a center wavelength of 653 nm or a center wavelength 
of 655 nm , in addition to or instead of emitting the red 
excitation light with a center wavelength of 685 nm . In 
addition , the red excitation light source 26B may emit red 
excitation light with a center wavelength of 625 nm to 645 
nm , for example , a center wavelength of 635 nm , in addition 
to emitting the red excitation light with a center wavelength 
of 650 nm to 690 nm . The blue excitation light source 26D 
may emit blue excitation light with a center wavelength of 
488 nm , in addition to or instead of emitting the blue 
excitation light with a center wavelength of 473 nm . As 
such , the number of excitation light sources is not limited to 
4 and may be 2 or 5 or more . 
[ 0054 ] The light source optical system 27 includes colli 
mator lenses 34 , 35 , 36 , and 37 , mirrors 38 and 42 , and 
dichroic mirrors 39 , 40 , and 41 . The collimator lenses 34 to 
37 are provided on the front surfaces of the excitation light 
sources 26A to 26D and collimate the excitation light 
components of each color emitted from the excitation light 
sources 26A to 26D , respectively . The mirror 38 reflects the 
infrared excitation light collimated by the collimator lens 34 
to the dichroic mirror 39 . 
[ 0055 ] The dichroic mirror 39 transmits the infrared exci 
tation light from the mirror 38 and reflects the red excitation 
light collimated by the collimator lens 35 to the dichroic 



US 2018 / 0220087 A1 Aug . 2 , 2018 

mirror 40 . The dichroic mirror 40 transmits the infrared 
excitation light from the mirror 38 and the red excitation 
light from the dichroic mirror 39 and reflects the green 
excitation light collimated by the collimator lens 36 to the 
dichroic mirror 41 . The dichroic mirror 41 transmits the 
infrared excitation light from the mirror 38 , the red excita 
tion light from the dichroic mirror 39 , and the green exci 
tation light from the dichroic mirror 40 and reflects the blue 
excitation light collimated by the collimator lens 37 to the 
mirror 42 . 
[ 0056 ] The mirror 42 reflects the infrared excitation light 
which has been reflected by the mirror 38 and then trans 
mitted through the dichroic mirrors 39 to 41 , the red 
excitation light which has been reflected by the dichroic 
mirror 39 and then transmitted through the dichroic mirrors 
40 and 41 , the green excitation light which has been 
reflected by the dichroic mirror 40 and then transmitted 
through the dichroic mirror 41 , and the blue excitation light 
which has been reflected by the dichroic mirror 41 to the 
light guide optical system 28 . 
[ 0057 ] The light guide optical system 28 includes a mirror 
44 , a perforated concave mirror 44 , and a concave mirror 45 . 
The mirror 44 reflects the excitation light EL from the mirror 
42 of the light source optical system 27 to the perforated 
concave mirror 44 . The perforated concave mirror 44 has a 
through hole 46 provided at the center . The excitation light 
EL from the mirror 43 is transmitted through the through 
hole 46 and travels toward the concave mirror 45 . The 
concave mirror 45 reflects the excitation light EL transmitted 
through the through hole 46 to the optical head 29 . 
[ 0058 ] In addition , the fluorescent light FL ( represented by 
a two - dot chain line ) emitted from the optical head 29 is 
incident on the concave mirror 45 . The concave mirror 45 
reflects the fluorescent light FL to the perforated concave 
mirror 44 . The perforated concave mirror 44 reflects the 
fluorescent light FL from the concave mirror 45 to the filter 
unit 30 . As such , the perforated concave mirror 44 transmits 
the excitation light EL through the through hole 46 and 
reflects the fluorescent light FL to the filter unit 30 to branch 
the optical path of the excitation light EL and the fluorescent 
light FL . 
[ 0059 ] The optical head 29 emits the excitation light EL to 
the image carrier 13 and acquires the fluorescent light FL 
from the image carrier 13 . The optical head 29 is disposed 
on a substrate 47 which is an elongated plate and is provided 
below the stage 25 . The optical head 29 can be moved on the 
substrate 47 in the main scanning direction X by , for 
example , a motor ( not illustrated ) or a rail ( not illustrated ) . 
In addition , the substrate 47 and the concave mirror 45 can 
be moved in the sub - scanning direction Y by , for example , 
a motor ( not illustrated ) or a rail ( not illustrated ) . That is , the 
optical head 29 can be moved in the main scanning direction 
X and the sub - scanning direction Y to scan the entire surface 
of the image detection region 33 with the excitation light EL 
and to acquire the fluorescent light FL from the image 
detection region 33 . In addition , the optical head 29 may be 
fixed and the stage 25 may be moved in the main scanning 
direction X and the sub - scanning direction Y . That is , the 
optical head 29 may be configured so as to be moved with 
respect to the stage 25 . 
[ 0060 ] The filter unit 30 is located on the optical path of 
the fluorescent light FL between the perforated concave 
mirror 44 and the photomultiplier 31 . The filter unit 30 

includes five filters 48A , 48B , 48C , 48D , and 48E which are 
arranged in the main scanning direction X . 
[ 0061 ] The filter unit 30 can be moved in the main 
scanning direction X by , for example , a motor ( not illus 
trated ) or a rail ( not illustrated ) , similarly to the optical head 
29 . Therefore , any one of the filters 48A to 48E is selectively 
disposed between the perforated concave mirror 44 and the 
photomultiplier 31 . Specifically , in a case in which the image 
carrier 13 is a gel support or a transfer support , any one of 
the filters 48A to 48D is disposed between the perforated 
concave mirror 44 and the photomultiplier 31 . In a case in 
which the image carrier 13 is a stimulable phosphor sheet , 
the filter 48E is disposed between the perforated concave 
mirror 44 and the photomultiplier 31 . 
[ 0062 ] The fluorescent light FL from the image carrier 13 
includes a little amount of excitation light EL . The excitation 
light EL is noise that is unnecessary to generate a fluores 
cence image . Therefore , the filters 48A to 48E have the 
characteristic that they cut the excitation light EL and 
transmit the fluorescent light FL . 
[ 0063 ] The filters 48A to 48D having different transmis 
sion wavelength bands are prepared in order to respond to a 
plurality of kinds of fluorescent materials , similarly to the 
excitation light sources 26A to 26D . Specifically , the filter 
48A cuts light ( infrared excitation light ) with a wavelength 
equal to or less than 785 nm and transmits light ( infrared 
fluorescent light ) with a wavelength greater than 785 nm . 
The filter 48B cuts light ( red excitation light ) with a wave 
length equal to or less than 685 nm and transmits light ( red 
fluorescent light ) with a wavelength greater than 685 nm . 
The filter 48C cuts light ( green excitation light ) with a 
wavelength equal to or less than 532 nm and transmits light 
( green fluorescent light ) with a wavelength greater than 532 
nm . The filter 48D cuts light ( blue excitation light ) with a 
wavelength equal to or less than 473 nm and transmits light 
( blue fluorescent light ) with a wavelength greater than 473 
nm . 
[ 0064 ] Hereinafter , in some cases , the filter 48A is referred 
to as an infrared filter 48A , the filter 48B is referred to as a 
red filter 48B , the filter 48C is referred to as a green filter 
48C , and the filter 48D is referred to as a blue filter 48D . 
Furthermore , in some cases , the filters 48A to 48E are 
collectively referred to as filters 48 . Similarly to the emis 
sion wavelength band of the excitation light EL , the trans 
mission wavelength band of the filter is not limited to the 
above . The number of filters is not limited to 5 and may be 
2 or 6 or more . 
10065 ] The fluorescent light FL transmitted through the 
filters 48A to 48E is incident on the photomultiplier 31 . The 
photomultiplier 31 photoelectrically detects the fluorescent 
light FL at a predetermined time and outputs an analog 
image signal corresponding to the detected fluorescent light 
FL . The image signal indicates a fluorescence image based 
on the fluorescent light FL . That is , the photomultiplier 31 
detects the fluorescence image based on the fluorescent light 
FL . 
10066 ] As illustrated in FIG . 3 , the optical head 29 is 
provided with a concave mirror 50 and an aspheric lens 51 . 
The concave mirror 50 reflects the excitation light EL 
incident from the concave mirror 45 of the light guide 
optical system 28 to the aspheric lens 51 . The aspheric lens 
51 condenses the excitation light EL from the concave 
mirror 50 on a surface ( a surface coming into contact with 
the glass plate 32 ) of the image carrier 13 placed on the glass 
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plate 32 . In addition , the aspheric lens 51 condenses the 
fluorescent light FL which is emitted from the image carrier 
13 irradiated with the excitation light EL such that the 
fluorescent light FL is incident on the concave mirror 50 . 
The concave mirror 50 further condenses the fluorescent 
light FL from the aspheric lens 51 such that the fluorescent 
light FL is incident as substantially parallel light on the 
concave mirror 45 of the light guide optical system 28 . 
[ 0067 ] In FIG . 4 , an analog / digital ( A / D ) converter ( A / D ) 
55 is connected to the photomultiplier 31 . The A / D 55 
sequentially converts analog image signals which are 
sequentially output from the photomultiplier 31 at a prede 
termined time into digital image signals . The A / D 55 outputs 
the digital image signals to an image memory 56 . The image 
memory 56 stores a digital image signal ( fluorescence 
image ) corresponding to one frame which is obtained by one 
scanning operation of the optical head 29 for the entire 
surface of the image carrier 13 . 
[ 0068 ] A communication unit 57 is connected to the image 
memory 56 . The communication unit 57 is a USB commu 
nication interface and performs the communication of vari 
ous kinds of data with the console 12 . The communication 
unit 57 receives the fluorescence image from the image 
memory 56 and transmits the fluorescence image to the 
console 12 . 
[ 0069 ] The excitation light sources 26A to 26D , the optical 
head 29 , the photomultiplier 31 , the concave mirror 45 , the 
substrate 47 , and the filters 48 A to 48E ( filter unit 30 ) form 
a scanning unit 58 that is driven in order to output the 
fluorescence image of the image carrier 13 . A controller 59 
controls the overall operation of each unit , such as the 
scanning unit 58 or the communication unit 57 . In particular , 
the scanning unit 58 performs scanning under the control of 
the controller 59 . 
10070 ] The image reading apparatus 11 has two modes , 
that is , a normal mode and a maintenance mode . In the 
normal mode , the fluorescent light FL from the image carrier 
13 is detected and a fluorescence image based on the 
detected fluorescent light FL is output . The normal mode is 
usually selected . In contrast , for example , the maintenance 
mode is selected when the image reading apparatus 11 starts 
every day . 
[ 0071 ] Herein , shading is likely to occur in the fluores 
cence image . The shading is density unevenness that occurs 
in the entire fluorescence image . The shading is caused by 
the configuration of the image reading apparatus 11 . Spe 
cifically , the shading is caused by a change in the length of 
the optical path of the fluorescent light FL which is caused 
by , for example , a change in the distance between the optical 
head 29 and the concave mirror 45 in the main scanning 
direction X , a change in the distance between the concave 
mirror 45 and the perforated concave mirror 44 in the 
sub - scanning direction Y , a variation in the distance between 
the substrate 47 and the concave mirror 45 in the sub 
scanning direction Y , or a variation in the distance between 
the stage 25 and the optical head 29 ( aspheric lens 51 ) . The 
maintenance mode is used to correct the shading . 
[ 0072 ] As illustrated in FIG . 5 , in the maintenance mode , 
instead of the image carrier 13 , a correction plate unit 67 
including a plurality of flat - plate - shaped correction plates 65 
and the holding frame 66 for holding the plurality of 
correction plates 65 is set on the stage 25 . Then , similarly to 
the image carrier 13 , the optical head 29 scans the correction 
plates 65 , detects the fluorescent light FL from the correction 

plates 65 , and outputs a correction image signal FF ( see FIG . 
7 ) on the basis of the detected fluorescent light FL . 
[ 0073 ] The correction plate 65 includes a fluorescent 
material having the wavelength characteristics in which an 
excitation wavelength band and an emission wavelength 
band at least partially overlap the excitation wavelength 
band and the emission wavelength band of the fluorescent 
material included in the image carrier 13 . That is , in a case 
in which the correction plate 65 is irradiated with the 
excitation light EL having the same wavelength band as that 
emitted to the image carrier 13 , the fluorescent light FL 
having the same wavelength band as that emitted from the 
fluorescent material included in the image carrier 13 is 
emitted from the correction plate 65 . 
[ 0074 ] The correction plate 65 includes , for example , an 
organic fluorescent material and a binder in which the 
organic fluorescent material is dispersed . The organic fluo 
rescent material is , for example , a phthalocyanine - based 
pigment or an anthraquinone - based pigment . The binder is , 
for example , is any one of a vinyl chloride resin , a polycar 
bonate resin , a methacrylic resin , a silicone resin , and a 
polyacrylamide resin . The correction plate is obtained by 
mixing the organic fluorescent material with a solution of the 
resin , uniformly dispersing the organic fluorescent material , 
and pouring the solution in a plate - shaped mold , and solidi 
fying the solution . The fluorescent material included in the 
correction plate 65 is not limited to the organic fluorescent 
material and may be an inorganic fluorescent material such 
as a cerium - activated yttrium aluminum garnet ( YAG ) phos 
phor ( YAG : Ce ) . That is , the organic fluorescent material 
may have the wavelength characteristics in which an exci 
tation wavelength band and an emission wavelength band at 
least partially overlap the excitation wavelength band and 
the emission wavelength band of the fluorescent material 
included in the image carrier 13 . 
[ 0075 ] In this example , the correction plate 65 has a plane 
size corresponding to a plurality of small regions SR in the 
image detection region 33 , specifically , the small regions SR 
obtained by equally dividing the image detection region 33 
in the main scanning direction X and the sub - scanning 
direction Y . The correction plate 65 has the same plane size 
as the small region SR . Since the small region SR has a 
rectangular shape , the correction plate 65 having the same 
plane size as the small region SR also has a rectangular 
shape . 
10076 . The correction plates 65 whose number is equal to 
the number of small regions SR are prepared . In this 
example , the image detection region 33 is equally divided 
into 81 ( = 9x9 ) small regions SR . Therefore , 81 correction 
plates 65 are prepared . 
10077 ] . As illustrated in FIG . 6 , the holding frame 66 has 
the same outer size as the bottom 25A of the stage 25 . In the 
holding frame 66 , a concave portion 68 in which the 
plurality of correction plates 65 are accommodated is 
formed in a portion corresponding to the image detection 
region 33 . The correction plates 65 are laid in the concave 
portion 68 ( are arranged without any gap therebetween ) and 
are fixed to the concave portion 68 by , for example , an 
adhesive . The holding frame 66 is set on the stage 25 , with 
the correction plates 65 facing down , such that the correction 
plates 65 come into contact with the glass plate 32 while the 
correction plates 65 are held in the concave portion 68 . As 
described above , the correction plates 65 which have the 
same plane size as the small regions SR and whose number 
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is equal to the number of small regions SR are prepared . 
Therefore , in a case in which the correction plate unit 67 is 
set on the stage 25 , the plurality of correction plates 65 are 
laid in the image detection region 33 and the entire image 
detection region 33 is covered with the plurality of correc 
tion plates 65 . 
[ 0078 ] A mark 69 for aligning an attachment position to 
the stage 25 is formed at one of four corners of the holding 
frame 66 . The holding frame 66 is provided on the stage 25 
such that the mark 69 is matched with the mark 25C formed 
in the stage 25 . With this configuration , the same correction 
plates 65 are disposed in each small region SR . 
[ 0079 ] It is preferable that the holding frame 66 is made of 
a material with a relatively high rigidity in order to prevent 
a variation in density caused by the warpage of the concave 
portion 68 from being included as noise in the correction 
image signal FF in a case in which the concave portion 68 
warps . Examples of the material with high rigidity include 
metal , such as aluminum and titanium , an alloy , such as 
stainless steel , carbon , and ceramics . 
[ 0080 ] As illustrated in FIG . 7 , there are a plurality of 
types of correction plates 65 corresponding to excitation 
light . That is , there are three types of correction plates , that 
is , a first correction plate 65A , a second correction plate 
65B , and a third correction plate 65C . The first correction 
plate 65A is for infrared excitation light with a center 
wavelength of 770 nm to 800 nm , the second correction 
plate 65B is for red excitation light with a center wavelength 
of 650 nm to 690 nm , and the third correction plate 65C is 
for green excitation light with a center wavelength of 520 
nm to 540 nm and blue excitation light with a center 
wavelength of 460 nm to 490 nm . 
[ 0081 ] The holding frames 66 are separately prepared for 
the correction plates 65A to 65C . Therefore , there are three 
types of correction plate units 67 , that is , a first correction 
plate unit 67A ( not illustrated ) in which the first correction 
plates 65A are held by the holding frame 66 , a second 
correction plate unit 67B ( not illustrated ) in which the 
second correction plates 65B are held by the holding frame 
66 , and a third correction plate unit 67C ( not illustrated ) in 
which the third correction plates 65C are held by the holding 
frame 66 . 
10082 ] In the maintenance mode , scanning can be per 
formed for the correction plates 65 to acquire the correction 
image signal FF . Specifically , scanning is performed for the 
first correction plates 65A with the infrared excitation light 
source 26A to acquire a first correction image signal FF - A . 
In addition , scanning is performed for the second correction 
plates 65B with the red excitation light source 26B to 
acquire a second correction image signal FF - B . Scanning is 
performed for the third correction plates 65C with the green 
excitation light source 26C and the blue excitation light 
source 26D to acquire a third correction image signal FF - C 
and a fourth correction image signal FF - D , respectively . 
[ 0083 ] In the following description , as illustrated in FIG . 
8 , a number MN ( M = N = 1 to 9 ) indicating the position of the 
small region SR is added to the end of letters SR to 
distinguish the small regions SR . For the number MN , “ 11 ” 
is a reference position facing the marks 25C and 68 . Here 
inafter , 1 is sequentially added to the first digit ( N ) from the 
right in the main scanning direction X and 1 is sequentially 
added to the second digit ( M ) from the right in the sub 
scanning direction Y . 

[ 0084 ] FIG . 9 is a graph illustrating a change ( density 
profile ) in the correction image signal FF in the first row of 
the small regions SR - 1N ( N = 1 to 9 ) . As such , excitation light 
is emitted to each correction plate 65 provided in each small 
region SR and fluorescent light excited by the excitation 
light is detected to obtain the correction image signal FF for 
each small region SR in the image detection region 33 . In 
this example , a representative value of the correction image 
signal FF for each small region SR is calculated and inter 
polation or extrapolation is performed with the representa 
tive value to create a correction image 87 ( see FIG . 11 ) used 
to correct shading . 
[ 0085 ] In FIG . 10 , the console 12 includes a storage device 
75 , a memory 76 , a central processing unit ( CPU ) 77 , and a 
communication unit 78 , in addition to the display 17 and the 
operation unit 18 . These units are connected to each other 
through a data bus 79 . 
10086 ] The storage device 75 corresponds to a storage unit 
and is a hard disk drive that is provided in the console 12 or 
is connected through a cable or a network or a disk array 
obtained by connecting a plurality of hard disk drives . The 
storage device 75 stores , for example , a control program , 
such as an operating system , various application programs , 
and various kinds of data associated with these programs . 
[ 0087 ] The memory 76 is a work memory that is used to 
perform a process by the CPU 77 . The CPU 77 loads a 
program stored in the storage device 75 to the memory 76 
and performs a process based on the program to control the 
overall operation of each unit of the console 12 . The 
communication unit 78 is a USB communication interface 
that performs the communication of various kinds of data 
with the image reading apparatus 11 , similarly to the com 
munication unit 57 of the image reading apparatus 11 . 
[ 0088 ] In FIG . 11 , the storage device 75 stores an opera 
tion program 85 . The operation program 85 is an application 
program that causes the console 12 to function as a shading 
correction apparatus . 
10089 . The storage device 75 stores fluorescence charac 
teristic value information 86 which is information about a 
fluorescence characteristic value of the correction plate 65 , 
in addition to the operation program 85 . The fluorescence 
characteristic value information 86 includes first fluores 
cence characteristic value information 86A of the first cor 
rection plate 65A , second fluorescence characteristic value 
information 86B of the second correction plate 65B , and 
third fluorescence characteristic value information 86C of 
the third correction plate 65C ( see FIG . 12 ) . 
10090 ] In addition , the storage device 75 stores the cor 
rection image 87 created on the basis of the correction image 
signal FF . The correction image 87 is an image created by 
correcting a variation in the fluorescence characteristics of 
the plurality of correction plates 65 appearing in the correc 
tion image signal FF , which will be described in detail 
below . The correction image 87 includes a first correction 
image 87A for infrared excitation light obtained using the 
first correction plate 65A , a second correction image 87B for 
red excitation light obtained using the second correction 
plate 65B , and a third correction image 87C for a green 
excitation light and a fourth correction image 87D for blue 
excitation light obtained using the third correction plate 
65C 
[ 0091 ] In FIG . 12 , the fluorescence characteristic value 
information 86 stores the fluorescence characteristic values 
FV of each of the plurality of correction plates 65 . A number 
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is given to each correction plate 65 and corresponds to the 
number MN indicating the position of the small region SR 
in which the corresponding correction plate 65 is provided . 
That is , the characteristic value FV ( 11 ) of number “ 11 ” is the 
characteristic value of the correction plate 65 provided in the 
small region SR - 11 . FIG . 12 illustrates the first fluorescence 
characteristic value information 86A storing the character 
istic value FV - A ( MN ) ( M = N = 1 to 9 ) of the first correction 
plate 65A . 
[ 0092 ] The characteristic value FV is measured in advance 
by an examination before the correction plate 65 is shipped . 
For example , the examination is performed in a state in 
which the correction plate 65 is placed in a dark box in 
which environmental factors , such as temperature and 
humidity , are constant . First , prescribed excitation light is 
emitted from an excitation light source provided in the dark 
box to the surface ( a surface coming into contact with the 
glass plate 32 ) of the correction plate 65 and a photomulti 
plier provided in the dark box detects fluorescent light 
excited by the excitation light . Then , a signal output from the 
photomultiplier is stored as the characteristic value FV of the 
correction plate 65 in the fluorescence characteristic value 
information 86 . In addition , the characteristic value FV 
stored in the fluorescence characteristic value information 
86 may be obtained by scanning the entire surface of the 
correction plate 65 with excitation light and detecting fluo 
rescent light a plurality of times with the photomultiplier or 
may be a representative value ( for example , the mean or 
mode ) of the characteristic value FV obtained by scanning 
the entire surface of the correction plate 65 with excitation 
light and detecting fluorescent light a plurality of times with 
the photomultiplier . Alternatively , the characteristic value 
FV may be obtained by emitting excitation light to a point 
such as the center of the surface . 
[ 0093 ] The plurality of correction plates 65 are created so 
as to have substantially the same fluorescence characteris 
tics . However , in practice , the fluorescence characteristics of 
the plurality of correction plates 65 are not exactly the same 
and there is a difference between the fluorescence charac 
teristics . Therefore , the characteristic values FV of each 
correction plate 65 are not necessarily equal to each other . 
For example , the characteristic value FV ( 11 ) of the correc 
tion plate 65 with number “ 11 ” is 1 , the characteristic value 
FV ( 12 ) of the correction plate 65 with number “ 12 ” is 0 . 92 , 
and the characteristic value FV ( 13 ) of the correction plate 65 
with number “ 13 ” is 1 . 05 . 
[ 0094 ] In FIG . 11 , in a case in which the operation 
program 85 starts , the CPU 77 functions as an acquisition 
unit 90 , a command receiving unit 91 , an information 
management unit 92 , an image processing unit 93 , a setting 
unit 94 , and a display control unit 95 in cooperation with the 
memory 76 . A creation unit 96 and a correction unit 97 are 
constructed in the image processing unit 93 . 
[ 0095 ] The acquisition unit 90 has an acquisition function 
of acquiring a fluorescence image and the correction image 
signal FF from the image reading apparatus 11 . The acqui 
sition unit 90 outputs the fluorescence image and the cor 
rection image signal FF to the image processing unit 93 . 
10096 ] The command receiving unit 91 receives an opera 
tion command input from the operation unit 18 . Examples of 
the operation command include a mode selection command 
to select one of the normal mode and the maintenance mode 
and a scanning condition setting command to set the scan 
ning conditions of the fluorescence image . 

[ 0097 ] The scanning conditions include , for example , a set 
of the excitation light source 26 used and the filter 48 , the 
voltage value of the photomultiplier 31 , and the resolution of 
the fluorescence image . The voltage value of the photomul 
tiplier 31 can be changed to change the density of the 
fluorescence image . The resolution of the fluorescence 
image is , specifically , an interval ( pixel pitch ) at which the 
fluorescent light FL is read and the scanning speed of the 
optical head 29 which determine the resolution of the 
fluorescence image . In the maintenance mode , the resolution 
is set to the minimum value . 
[ 0098 ] The command receiving unit 91 outputs informa 
tion ( hereinafter , referred to as mode information ) of the 
mode selected by the mode selection command to the image 
processing unit 93 and the setting unit 94 and outputs the 
scanning conditions set by the scanning condition setting 
command to the information management unit 92 and the 
setting unit 94 . Examples of the operation command include 
a command ( hereinafter , referred to as a scanning execution 
command ) to instruct the image reading apparatus 11 to 
perform scanning , in addition to the above - mentioned com 
mands . 
10099 ] The information management unit 92 manages 
various kinds of information stored in the storage device 75 . 
In the maintenance mode , the information management unit 
92 reads out the fluorescence characteristic value informa 
tion 86 corresponding to the excitation light source 26 that 
is used from the storage device 75 and transmits the read 
fluorescence characteristic value information 86 to the 
image processing unit 93 . For example , in a case in which 
the excitation light source 26 used is the infrared excitation 
light source 26A , the information management unit 92 
transmits the first fluorescence characteristic value informa 
tion 86A of the first correction plate 65A for infrared 
excitation light to the image processing unit 93 . In a case in 
which the excitation light source 26 used is the red excitation 
light source 26B , the information management unit 92 
transmits the second fluorescence characteristic value infor 
mation 86B of the second correction plate 65B for red 
excitation light to the image processing unit 93 . 
[ 0100 ] In the maintenance mode , the information manage 
ment unit 92 stores the correction image 87 transmitted from 
the image processing unit 93 in the storage device 75 . In 
addition , in the normal mode , the information management 
unit 92 reads out the correction image 87 corresponding to 
the excitation light source 26 that uses the scanning condi 
tions from the command receiving unit 91 from the storage 
device 75 and transmits the read correction image 87 to the 
image processing unit 93 . For example , in a case in which 
the excitation light source 26 used is the infrared excitation 
light source 26A , the information management unit 92 
transmits the first correction image 87A for infrared excita 
tion light to the image processing unit 93 . In addition , in a 
case in which the excitation light source 26 used is the red 
excitation light source 26B , the information management 
unit 92 transmits the second correction image 87B for red 
excitation light to the image processing unit 93 . 
[ 0101 ] In a case in which the mode indicated by the mode 
information from the command receiving unit 91 is the 
maintenance mode , the image processing unit 93 recognizes 
the image from the acquisition unit 90 as the correction 
image signal FF and operates the creation unit 96 . In 
contrast , in a case in which the mode indicated by the mode 
information from the command receiving unit 91 is the 
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normal mode , the image processing unit 93 recognizes the 
image from the acquisition unit 90 as a fluorescence image 
and operates the correction unit 97 . 
[ 0102 ] The creation unit 96 creates the correction image 
87 from the correction image signal FF transmitted from the 
acquisition unit 90 on the basis of the fluorescence charac 
teristic value information 86 transmitted from the informa 
tion management unit 92 . First , the creation unit 96 divides 
the correction image signal FF by the characteristic value 
FV of the fluorescence characteristic value information 86 to 
obtain a standardized correction image signal FFS as illus 
trated in the following Expression ( 1 ) : 

FF / FV = FFS ( 1 ) 

[ 0103 ] The creation unit 96 performs the process repre 
sented by Expression ( 1 ) for each small region SR . For 
example , for the image signal FF ( 11 ) which is the correction 
image signal FF of the small region SR - 11 , the characteristic 
value FV ( 11 ) of the correction plate 65 with number “ 11 " 
corresponding to the image signal FF ( 11 ) is used . Therefore , 
Expression ( 1 ) is rewritten as the following Expression ( 2 ) , 
using the number MN ( M = N = 1 to 9 ) indicating the position 
of the small region SR : 

FF ( MM ) / FV ( MM ) = FFS ( MN ) ( 2 ) 
[ 0104 ] In the generated standardized correction image 
signal FFS , a variation in the fluorescence characteristics of 
the plurality of correction plates 65 has been corrected . 
[ 0105 ] The creation unit 96 calculates the representative 
value of the standardized correction image signal FFS for 
each small region SR . Examples of the representative value 
include the mean and mode of the standardized correction 
image signals FFS for each small region SR . In this example , 
since there are 81 small regions SR , 81 representative values 
of the standardized correction image signals FFS whose 
number is equal to the number of small regions SR are 
calculated . 
[ 0106 ] A fluorescence image which is a shading correction 
target has millions of pixels . Therefore , in a case in which 
only the representative value of the standardized correction 
image signal FFS for each small region SR is used , the 
number of image signals FFF forming the correction image 
87 is not sufficient to correct the shading of the entire image 
detection region 33 . For this reason , the creation unit 96 
interpolates or extrapolates the deficiency with the repre 
sentative value of the standardized correction image signals 
FFS of each small region SR to create the correction image 
87 . Since a specific method for interpolation and extrapo 
lation has been known , the description thereof will not be 
repeated . The creation unit 96 outputs the created correction 
image 87 to the information management unit 92 . 
10107 ] . The correction unit 97 has a correction function of 
performing shading correction for the fluorescence image 
transmitted from the acquisition unit 90 on the basis of the 
correction image 87 from the information management unit 
92 . Specifically , in a case in which an image signal of the 
fluorescence image from the acquisition unit 90 is FR , an 
image signal of a dark image acquired by performing 
scanning with the optical head 29 , without emitting excita 
tion light , is FD , and an image signal of a shading - corrected 
fluorescence image ( hereinafter , referred to as a corrected 
fluorescence image ) is FC , the correction unit 96 performs 
calculation represented by the following Expression ( 3 ) : 

FC = ( FR - FD ) / ( FFF - FD ) ( 3 ) . 

[ 0108 ] In a case in which dark noise or the offset of an 
image signal is so small as to be negligible , shading cor 
rection may be performed using the following Expression 
( 4 ) : 

FC = FR / FFF ( 4 ) . 
[ 0109 ] The calculation represented by Expression ( 3 ) may 
be performed for each pixel forming the fluorescence image 
or may be performed for each small region SR . In a case in 
which the calculation is performed for each small region SR , 
the representative value ( for example , the means or mode ) of 
the image signals FFF of each small region in the correction 
image 87 and the representative value ( for example , the 
means or mode ) of the image signals of each small region 
SR in the dark image are substituted into Expression ( 3 ) . 
This holds for Expression ( 4 ) . 
[ 0110 ] The image processing unit 93 performs various 
kinds of image processing , such as a color correction process 
and a gradation process , for the fluorescence image , in 
addition to the shading correction . The correction unit 97 
performs the shading correction before , for example , the 
color correction process and the gradation process . The 
image processing unit 93 outputs the corrected fluorescence 
image to the display control unit 95 . 
10111 ] The setting unit 94 sets the mode information and 
the scanning conditions from the command receiving unit 91 
in the image reading apparatus 11 . In the image reading 
apparatus 11 , the mode is switched on the basis of the mode 
information from the setting unit 94 . In addition , the scan 
ning conditions from the setting unit 94 are set in various 
drivers of the scanning unit 58 , such as a driver of the 
excitation light source 26 , drivers of motors for moving the 
optical head 29 , the substrate 47 , the concave mirror 45 , and 
the filter unit 30 , and a driver of the photomultiplier 31 . 
[ 0112 ] In the case of the maintenance mode , the scanning 
conditions input by the operation unit 18 are not set , but the 
scanning conditions ( however , the resolution is set to the 
minimum value ) for the maintenance mode which have been 
stored in the storage device 75 in advance are set . 
[ 0113 ] The display control unit 95 controls the display 
output of the corrected fluorescence image from the image 
processing unit 93 . Specifically , the display control unit 95 
generates a screen for displaying the corrected fluorescence 
image and outputs the screen to the display 17 . Examples of 
the screen include a mode selection screen , a scanning 
condition setting screen , and a screen for instructing the 
execution of scanning . 
[ 0114 ] In FIG . 13 , as also illustrated in FIG . 7 , in the 
maintenance mode , the first correction plates 65A are 
scanned with the infrared excitation light source 26A and a 
first correction image signal FF - A is acquired . In addition , 
the second correction plates 65B are scanned with the red 
excitation light source 26B and a second correction image 
signal FF - B is acquired . The third correction plates 65C are 
scanned with the green excitation light source 26C and the 
blue excitation light source 26D and a third correction image 
signal FF - C and a fourth correction image signal FF - D are 
acquired . Then , a variation in the fluorescence characteris 
tics of each of the correction image signals FF - A to FF - D is 
corrected and standardized correction image signals FFS - A 
to FFS - D are generated . Then , interpolation or extrapolation 
is performed with the representative values of the standard 
ized correction image signals FFS - A to FFS - D for each 
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small region SR to create correction images 87A to 87D . The 
correction images 87A to 87D are stored in the storage 
device 75 . 
[ 0115 ] In contrast , in the normal mode , the image carrier 
13 is scanned with the excitation light source 26 set in the 
scanning conditions and a fluorescence image is output . 
Then , shading correction is performed for the fluorescence 
image on the basis of the correction image 87 corresponding 
to the used excitation light source 26 and a corrected 
fluorescence image is output . 
[ 0116 ] Next , the operation of the above - mentioned con 
figuration will be described with reference to the flowcharts 
illustrated in FIGS . 14 and 15 . First , in FIG . 14 , the user 
operates the operation unit 18 to select the maintenance 
mode . First , the first correction plate unit 67A in which the 
first correction plate 65A is held by the holding frame 66 is 
set on the stage 25 ( Step S100 ) . In this case , the first 
correction plate unit 67A is set such that the mark 69 of the 
holding frame 66 is matched with the mark 25C of the stage 
25 . 
[ 0117 ] After the first correction plate 65A is set , the user 
inputs a scanning execution command through the screen 
displayed on the display 17 . Then , the image reading appa 
ratus 11 scans the first correction plate 65A using the 
infrared excitation light source 26A ( the infrared filter 48A 
is used as the filter 48 ) ( Step S110 ) . 
0118 ] . The first correction image signal FF - A is output 
from the image reading apparatus 11 by the scanning of the 
first correction plate 65A by the infrared excitation light 
source 26A . The acquisition unit 90 of the console 12 
acquires the first correction image signal FF - A ( Step S120 ; 
an acquisition step ) . The first correction image signal FF - A 
is output from the acquisition unit 90 to the creation unit 96 
of the image processing unit 93 . 
01191 . The first fluorescence characteristic value informa 

tion 86A of the first correction plate 65A is transmitted from 
the information management unit 92 to the creation unit 96 . 
As represented by Expression ( 2 ) , the creation unit 96 
divides the first correction image signal FF - A by the char 
acteristic value FV - A to correct a variation in the fluores 
cence characteristics of a plurality of first correction plates 
65A and generates the first standardized correction image 
signal FFS - A ( Step S130 ) . 
[ 0120 ] Then , the representative value of the first standard 
ized correction image signals FFS - A for each small region 
SR is calculated and interpolation or extrapolation is per 
formed with the representative value to generate the correc 
tion image 87A ( Step S140 ) . The correction image 87A is 
output from the creation unit 96 to the information manage 
ment unit 92 and is stored in the storage device 75 ( Step 
S150 ) . 
0121 ] Then , the user sets the second correction plate unit 
67B in which the second correction plate 65B is held by the 
holding frame 66 on the stage 25 . A series of processes from 
Step S110 to Step S150 is similarly performed for the second 
correction plate 65B . Finally , the user sets the third correc 
tion plate unit 67C in which the third correction plate 65C 
is held by the holding frame 66 on the stage 25 . A series of 
processes from Step S110 to Step S150 is similarly per 
formed for the third correction plate 65C . 
[ 0122 ] Specifically , the second correction plate 65B is 
scanned with the red excitation light source 26B ( the red 
filter 48B is used as the filter 48 ) and the third correction 
plate 65C is scanned with the green excitation light source 

26C and the blue excitation light source 26D ( the green filter 
48C and the blue filter 48D are used as the filter 48 ) . Then , 
the acquisition unit 90 acquires the second correction image 
signal FF - B , the third correction image signal FF - C , and the 
fourth correction image signal FF - D . The second correction 
image 87B , the third correction image 87C , and the fourth 
correction image 87D are generated by the creation unit 96 
on the basis of the acquired correction image signals and are 
then stored in the storage device 75 . In a case in which all 
of the correction images 87A to 87D are stored in the storage 
device 75 ( YES in Step S160 ) , the maintenance mode ends . 
[ 0123 ] The correction plate 65 has a plane size corre 
sponding to a plurality of small regions SR in the image 
detection region 33 . Therefore , the correction plate 65 is less 
likely to warp than a correction plate ( having the same 
thickness and hardness as the correction plate 65 ) having a 
plane size that is substantially equal to that of the image 
detection region 33 and the warpage is less likely to change 
depending on a usage environment . In addition , fluorescence 
characteristics in the plane are less likely to be non - uniform . 
Shading correction is performed on the basis of the correc 
tion image 87 created from the correction image signal FF 
obtained by irradiating the correction plate 65 with excita 
tion light . Therefore , it is possible to accurately perform 
shading correction . 
( 0124 ] As a method for preventing the warpage of the 
correction plate 65 , a method is considered which increases 
the thickness of the correction plate 65 . However , the 
correction plate 65 needs to have a thickness that can be set 
on the stage 25 , which limits the thickness of the correction 
plate 65 . Alternatively , a method is considered in which the 
correction plate 65 is made of a material with a relatively 
high rigidity . The correction plate 65 needs to include a 
fluorescent material having the wavelength characteristics in 
which an excitation wavelength band and an emission 
wavelength band at least partially overlap the excitation 
wavelength band and the emission wavelength band of the 
fluorescent material included in the image carrier 13 , which 
limits the material to be used . Therefore , the method accord 
ing to the invention in which the correction plate 65 has a 
plane size corresponding to a plurality of small regions SR 
in the image detection region 33 is the best method for 
preventing the warpage of the correction plate 65 . 
[ 0125 ] For example , it is preferable that the correction 
plate 65 has a plane size corresponding to a plurality of small 
regions SR in the image detection region 33 and is made of 
a material which is as thick as possible and is as rigid as 
possible in order to prevent the warpage of the correction 
plate 65 . 
[ 0126 ] The correction image signal FF is obtained by 
irradiating each correction plate 65 provided in the corre 
sponding small region SR with excitation light . Therefore , 
the correction image signal FF can be acquired by one scan 
operation and it is possible to reduce the time and effort 
required for the maintenance mode . In addition , since the 
resolution is set to the minimum value in the maintenance 
mode , the scanning time can be shorter than that in a case in 
which the fluorescence image is acquired . 
( 0127 ] The representative value of the standardized cor 
rection image signals FFS for each small region SR is 
calculated and interpolation or extrapolation is performed 
with the representative value to create the correction image 
87 . Therefore , it is possible to reduce the number of sam 
pling processes for the correction image signal FF and to 
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reduce the scanning time in the maintenance mode . Ulti 
mately , each correction image signal FF may be acquired for 
each small region SR and may be used as the representative 
value . In addition , it is not necessary to consider a boundary 
line between adjacent correction plates 65 and it is possible 
to create the correction image 87 using only interpolation or 
extrapolation , without performing , for example , a process of 
making the boundary line invisible . 
[ 0128 ] . The correction plate 65 has the same plane size as 
the small region SR and is laid in the image detection region 
33 . Therefore , it is possible to simply acquire the correction 
image signal FF in which the entire image detection region 
33 is covered with a plurality of correction plates 65 . In 
addition , it is preferable to simply create the same correction 
plates 65 . In this case , it is possible to substantially match 
various specifications , such as a plane size , a thickness , 
hardness , and fluorescence characteristics , of the plurality of 
correction plates 65 with a simple structure . 
[ 0129 ] The plurality of correction plates 65 and the hold 
ing frame 66 form one correction plate unit 67 . Therefore , it 
is possible to lay a plurality of correction plates 65 in the 
image detection region 33 only by setting the correction 
plate unit 67 on the stage 25 . As a result , it is possible to 
reduce the time and effort required for the user to perform 
operations . 
[ 0130 ] The mark 69 is provided in the holding frame 66 
and the holding frame 66 is set on the stage 25 such that the 
mark 69 is matched with the mark 25C . Therefore , the user 
can set the holding frame 66 and the correction plate 65 with 
a correct attachment posture , without hesitation . In addition , 
since the holding frame 66 is set , the same correction plate 
65 is set in the same small region SR . Therefore , it is 
possible to maintain the same conditions . 
[ 0131 ] Since the creation unit 96 corrects a variation in the 
fluorescence characteristics of a plurality of correction plates 
65 , it is possible to generate the standardized correction 
image signal FFS from which the influence of a variation in 
density caused by the variation in the fluorescence charac 
teristics of the plurality of correction plates 65 has been 
excluded from the correction image signal FF . In a case in 
which the degree of variation in the fluorescence character 
istics of the plurality of correction plates 65 represented by 
the characteristic value FV is within an allowable range , the 
standardized correction image signal FFS may not be gen 
erated , the correction image signal FF may be maintained , 
the representative value of the correction image signal FF 
for each small region SR may be calculated , and interpola 
tion or extrapolation may be performed with the calculated 
representative value to create the correction image 87 . 
[ 0132 ] In a case in which the image carrier 13 is scanned , 
the user operates the operation unit 18 to select the normal 
mode , as illustrated in FIG . 15 . In the normal mode , the 
holding frame 66 is removed and the image carrier 13 is set 
on the stage 25 ( Step S200 ) . After the image carrier 13 is set , 
the user inputs a scanning condition setting command and a 
scanning execution command through the screen displayed 
on the display 17 . Then , scanning conditions are set in the 
image reading apparatus 11 ( Step 5210 ) and scanning is 
performed on the basis of the scanning conditions ( Step 
S220 ) . 
[ 0133 ] A fluorescence image is output from the image 
reading apparatus 11 by the scanning of the image carrier 13 . 
The fluorescence image is acquired by the acquisition unit 

90 of the console 12 ( Step S230 ) . The fluorescence image is 
output from the acquisition unit 90 to the image processing 
unit 93 . 
[ 0134 ] The correction image 87 corresponding to the 
excitation light source 26 used for the scanning is transmit 
ted from the information management unit 92 to the correc 
tion unit 97 of the image processing unit 93 . The correction 
unit 97 performs shading correction for the fluorescence 
image from the acquisition unit 90 on the basis of the 
correction image 87 from the information management unit 
92 , as represented by Expression ( 3 ) or Expression ( 4 ) ( Step 
S240 ; a correction step ) . 
[ 0135 ] Various kinds of image processing are performed 
for the corrected fluorescence image which is a shading 
corrected fluorescence image and the corrected fluorescence 
image is output to the display control unit 95 . The corrected 
fluorescence image is displayed on the display 17 by the 
display control unit 95 ( Step S250 ) . In this way , one scan 
ning operation ends . 
[ 0136 ] The console 12 performs shading correction , using 
the correction image 87 created from the correction image 
signal FF of each small region SR . Therefore , it is possible 
to accurately perform shading correction for each small 
region SR and shading correction for the entire image 
detection region 33 . In addition , the correction image 87 is 
created by correcting a variation in the fluorescence char 
acteristics of a plurality of correction plates 65 in the 
correction image signal FF . Therefore , shading correction 
can be accurately performed , without being affected by the 
variation in the fluorescence characteristics of the plurality 
of correction plates 65 . 
[ 0137 ] The use of Expression ( 3 ) for shading correction 
means that shading correction is performed after the image 
signal FD of a dark image is subtracted from the image 
signal FR of the fluorescence image and the image signal 
FFF of the correction image 87 to remove dark noise or 
image signal offset from the fluorescence image and the 
correction image 87 . As such , in a case in which shading 
correction is performed after dark noise or image signal 
offset is removed , it is possible to guarantee the accuracy of 
correction . 
[ 0138 ] Before shading correction is performed , the cor 
rection image 87 is generated and stored in the storage 
device 75 . In a case in which shading correction is per 
formed , the correction unit 97 reads out the correction image 
87 from the storage device 75 . Therefore , it is possible to 
reduce the time and effort required to generate the correction 
image 87 whenever shading correction is performed . Once 
the correction image 87 is generated and stored , it is possible 
to perform shading correction only by reading the correction 
image 87 , without the time required for shading correction . 
Instead of the correction image 87 , the representative value 
of the correction image signal FF or the standardized cor 
rection image signal FFS for each small region SR may be 
stored in the storage device 75 and the correction image 87 
may be generated from the representative value whenever 
shading correction is performed . 
[ 0139 ] In this example , the image detection region 33 is 
equally divided into 81 ( = 9x9 ) small regions SR . However , 
the number of small regions SR may be greater than or less 
than 81 . However , it is preferable that the number of small 
regions SR is equal to or greater than 9 . In a case in which 
the number of small regions SR is equal to or greater than 
9 , it is possible to check at least the tendency of a change in 
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the density of the entire image detection region 33 with the 
representative value of the correction image signal FF for 
each small region SR . 
10140 ] As in this example in which the number of small 
regions SR is 81 , the division numbers of small regions SR 
in the main scanning direction X and the sub - scanning 
direction Y may be equal to each other . That is , the number 
of small regions SR may be a square number . For example , 
the number of small regions SR may be 10x8 = 80 . That is , 
the division number in the main scanning direction X may 
be 10 and the division number in the sub - scanning direction 
Y may be 8 . 
[ 0141 ] In this example , the image detection region 33 is 
equally divided into the rectangular small regions SR by 
lines along the main scanning direction X and the sub 
scanning direction Y . However , for example , the image 
detection region 33 may be equally divided into four trian 
gular regions by diagonal lines and the four triangular 
regions may be used as the small regions SR . 
[ 0142 ] The image detection region 33 may not be equally 
divided into the small regions SR . That is , the small regions 
SR may not have the same plane size . However , in a case in 
which the image detection region 33 is equally divided into 
the small regions SR , it is possible to reduce the time and 
effort required to manufacture the correction plates 65 and it 
is not necessary to perform an unnecessary process , such as 
a process of changing a method for calculating the repre 
sentative value of the standardized correction image signal 
FFS for each small region SR , in order to create the 
correction image 87 . 

Second Embodiment 
[ 0143 ] In the first embodiment , the correction plates 65 
whose number is equal to the number of small regions SR 
are prepared and excitation light is emitted to the correction 
plates 65 disposed in each small region SR to obtain the 
correction image signal FF . However , the invention is not 
limited thereto . As in a second embodiment illustrated in 
FIGS . 16 to 18 , the correction plates whose number is less 
than the number of small regions SR may be moved from an 
initial position one or more times and excitation light may be 
emitted to the correction plates at the initial position and the 
moved position to obtain the correction image signal FF . 
10144 ] FIG . 16 illustrates a case in which the image 
detection region 33 is equally divided into 9 ( = 3x3 ) small 
regions SR and one correction plate 105 is moved from a 
small region SR - 11 at an initial position to the remaining 
eight small regions SR - 12 , SR - 13 , . . . , SR - 33 eight times . 
In this case , a total of nine scanning operations are per 
formed at the initial position and the moved positions to 
acquire correction image signals FF ( MN ) ( M = N = 1 to 3 ) for 
each region which correspond to the small regions SR - MN 
( M = N = 1 to 3 ) . The correction image signals FF ( MN ) for 
each region are combined into a correction image signal FF . 
[ 0145 ] In addition , the scanning may be performed for the 
entire image detection region 33 . The image signal of a 
region other than the small regions SR in which the correc 
tion plates 105 are present is meaningless data . Therefore , it 
is preferable to selectively perform scanning for only the 
small regions SR in which the correction plates 105 are 
present . In this case , the order in which the correction plate 
105 is moved is set as a scanning condition in advance . Since 
the region to be scanned is limited to the small region SR , 
it is possible to reduce the scanning time . 

[ 0146 ] A fitting protrusion 106 is provided at the center of 
an upper portion of the rear surface of the correction plate 
105 . The fitting protrusion 106 has a key shape in which a 
convex portion is formed in a part of a cylinder . The fitting 
protrusion 106 enables the user to recognize the up , down , 
left , and right sides of the correction plate 105 and the front 
and rear sides of the correction plate 105 . That is , the fitting 
protrusion 106 is an index indicating the up , down , left , and 
right sides of the correction plate 105 and the front and rear 
sides of the correction plate 105 . 
[ 0147 ] As illustrated in FIG . 17 , in the second embodi 
ment , a correction plate unit 111 including the correction 
plates 105 and a holding frame 110 is used . A concave 
portion 112 for accommodating the correction plates 105 are 
formed in the holding frame 110 , as in the holding frame 66 
according to the first embodiment . Fitting holes 113 fitted to 
the fitting protrusions 106 of the correction plates 105 are 
provided for each small region SR in the concave portion 
112 . The fitting hole 113 has the same key shape as the fitting 
protrusion 106 . Therefore , the correction plates 105 are held 
in each small region SR in the same direction in the holding 
frame 110 . 
[ 0148 ] The fitting protrusion 106 and the fitting hole 113 
are fitted to the extent that the correction plate 105 is not 
taken out of the holding frame 110 . In a case in which the 
user moves the correction plate 105 , the user applies suffi 
cient force to release the fitting between the fitting protru 
sion 106 and the fitting hole 113 to the correction plate 105 
to take the correction plate 105 out of the holding frame 110 . 
[ 0149 ] As such , the correction plates whose number is less 
than the number of small regions SR are moved from the 
initial position one or more times and excitation light is 
emitted to the correction plates at the initial position and the 
moved positions to obtain the correction image signal FF . 
Therefore , it is possible to reduce the number of correction 
plates and reduce the cost of components . 
[ 0150 ] In a case in which one correction plate 105 is used 
as illustrated in FIG . 16 , it is not necessary to correct a 
variation in the fluorescence characteristics unlike the case 
in which a plurality of correction plates are used . Therefore , 
the creation unit 96 does not need to perform a process of 
using the correction image signal FF as the standardized 
correction image signal FFS . Of course , the standardized 
correction image signal FFS is not generated and shading 
correction is performed using the correction image signal 
FF . That is , the correction unit 97 does not perform inter 
polation or extrapolation with the representative value of the 
standardized correction image signal FFS to calculate the 
image signal FFF represented by Expression ( 3 ) or Expres 
sion ( 4 ) , but performs interpolation or extrapolation with the 
representative value of the correction image signal FF to 
calculate the image signal FFF . 
[ 0151 ] In addition , the number of correction plates is 
preferably less than the number of small regions SR and is 
not limited to 1 as illustrated in FIG . 16 . For example , as 
illustrated in FIG . 18 , nine correction plates 105 may be 
prepared for 81 small regions SR . The nine correction plates 
105 may be moved eight times and the correction image 
signal FF ( MN ) for each region which corresponds to the 
nine small regions SR may be obtained by one scanning 
operation . In this case , as in the first embodiment , the same 
correction plate 105 is set in the same small region SR . In 
addition , the creation unit 96 corrects a variation in the 
fluorescence characteristics of each correction plate 105 . 
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[ 0152 ] For example , the following may be used as the 
index indicating the up , down , left , and right sides of the 
correction plate and the front and rear sides of the correction 
plate , instead of or in addition to the fitting protrusion 106 : 
one of four corners of the correction plate is cut out and the 
cut corner is used as the index ; or a number corresponding 
to the number MN indicating the position of the small region 
SR is printed at one of four corners of the correction plate 
and is used as the index . 

Third Embodiment 
[ 0153 ] In each of the above - described embodiments , the 
correction plate has the same plane size as the small region 
SR . However , as in a third embodiment illustrated in FIG . 
19 , a correction plate 115 having a smaller plane size than 
the small region SR may be used . In FIG . 19 , the correction 
plate 115 has a plane size that is about a quarter of the plane 
size of the small region SR and has a square shape . The 
plane size corresponding to the small region SR is not 
limited to the plane size that is equal to that of the small 
region SR and includes a plane size accommodated in the 
small region SR . In addition , the small region SR and the 
correction plate do not need to have the same shape . That is , 
as in this embodiment , the small region SR has a rectangular 
shape and the correction plate 105 has a square shape . 
[ 0154 ] The correction plates 115 whose number is equal to 
the number of small regions SR are prepared , similarly to the 
correction plates 65 according to the first embodiment . The 
correction plates 115 are arranged such that the centers of the 
correction plates 115 are aligned with the centers of the 
small regions SR . 
[ 0155 ] As such , the correction plate 115 having a smaller 
plane size than the small region SR is less likely to warp than 
the correction plate having the same plane size as the small 
region SR and the warpage state of the correction plate 115 
is less likely to change depending on a usage environment . 
In addition , fluorescence characteristics in the plane are less 
likely to be non - uniform . Therefore , it is possible to further 
improve the accuracy of shading correction . 
[ 0156 ] Furthermore , the correction plate 115 having a 
smaller plane size than the small region SR may be used to 
generate a correction image 127 on the basis of the correc 
tion image signal FF obtained by moving the correction 
plate 115 from an initial position one or more times and 
emitting excitation light to the correction plate 115 at the 
initial position and the moved positions as in the second 
embodiment . 
[ 0157 ] A holding frame 120 illustrated in FIG . 20 may be 
used as the holding frame for the correction plate 115 having 
a smaller plane size than the small region SR . In FIG . 20 , the 
upper side shows a plan view and the lower side shows a 
cross - sectional view . The holding frame 120 has accommo 
dation holes 121 in which the correction plates 115 are 
accommodated for each small region SR . The accommoda 
tion hole 121 passes through the holding frame 120 in the 
vertical direction and a step portion 122 on which the edge 
of the correction plate 115 is placed and fixed is formed in 
a middle portion of the accommodation hole 121 . 
[ 0158 ] The holding frame 120 is provided in the image 
reading apparatus 11 , instead of the stage 25 . Therefore , 
excitation light EL is directly emitted to the correction plate 
115 , without being transmitted through the glass plate 32 . In 

addition , fluorescent light FL is directly incident on the 
optical head 29 , without being transmitted through the glass 
plate 32 . 
[ 0159 ] In the aspect described in , for example , the first 
embodiment in which the holding frame is provided on the 
stage 25 , there is a concern that the glass plate 32 will warp 
due to the weight of the holding frame and a variation in 
density caused by the warpage of the glass plate 32 will be 
included as noise in the correction image signal FF . In 
contrast , in a case in which the holding frame 120 illustrated 
in FIG . 20 is provided instead of the stage 25 , since the glass 
plate 32 is not provided , it is possible to completely remove 
the concern that a variation in density caused by the warpage 
of the glass plate 32 will be included as noise in the 
correction image signal FF . 
[ 0160 ] In each of the above - described embodiments , the 
image reading apparatus 11 in which the optical axis of the 
excitation light EL and the optical axis of the fluorescent 
light FL in the optical head 29 are aligned with each other 
is given as an example . However , the invention is not limited 
thereto . An optical head 130 that is schematically illustrated 
in FIG . 21 may be used . 
[ 0161 ] In FIG . 21 , the optical head 130 includes the 
infrared excitation light source 26A , the red excitation light 
source 26B , an objective lens 131 , a condensing lens 132 , a 
dichroic mirror 133 , a mirror 134 , a first avalanche photo 
diode ( hereinafter , referred to as an APD ) 135A , and a 
second APD 135B . These components are integrated into a 
module . The optical head 130 is moved in the main scanning 
direction X and the sub - scanning direction Y , similarly to the 
optical head 29 according to the first embodiment . In this 
case , the image detection region is a region which is 
irradiated with excitation light by the module and in which 
fluorescent light is detected . 
[ 0162 ] The objective lens 131 focuses infrared excitation 
light EL - IR from the infrared excitation light source 26A 
and red excitation light EL - R from the red excitation light 
source 26B on the image carrier 13 which is set on a stage 
( not illustrated ) . The condensing lens 132 condenses the 
infrared fluorescent light FL - IR and the red fluorescent light 
FL - R from the image carrier 13 and guides the light to the 
dichroic mirror 133 that is provided below the condensing 
lens 132 . 
[ 0163 ] The dichroic mirror 133 transmits the infrared 
fluorescent light FL - IR from the condensing lens 132 and 
reflects the red fluorescent light FL - R to the second APD 
135B . The mirror 134 reflects the infrared fluorescent light 
FL - IR transmitted through the dichroic mirror 133 to the 
first APD 135A . 
[ 0164 ] The first APD 135A and the second APD 135B 
correspond to a detection unit , photoelectrically detect the 
infrared fluorescent light FL - IR and the red fluorescent light 
FL - R at a predetermined time , and output an analog image 
signal corresponding to the detected fluorescent light , 
instead of the photomultiplier 31 according to the first 
embodiment . 
[ 0165 ] As such , the invention can also be applied to a case 
in which the optical head 130 in which the optical axes of the 
excitation light EL and the fluorescent light FL are different 
from each other is used . In addition , a detection unit for the 
fluorescent light FL is not limited to the photomultiplier 31 
according to the first embodiment and may be the APD 135 
as in the optical head 130 . Furthermore , an optical head may 
be used in which a plurality of excitation light sources 26 
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the image detection region ; and a correction processor that 
performs shading correction for the fluorescence image on 
the basis of the correction image . 
[ 0173 ] In the invention , the above - described various 
embodiments or various modification examples may be 
appropriately combined with each other . In addition , the 
invention is not limited to the above - described embodiments 
and may have various configurations without departing from 
the scope and spirit of the invention . Furthermore , the 
invention can be applied to a program and a storage medium 
storing the program . 

and a plurality of detection units for the fluorescent light FL 
which correspond to the plurality of excitation light sources 
26 are optically arranged along the same axis . 
[ 0166 ] A charge coupled device ( CCD ) area sensor may be 
used as the detection unit for the fluorescent light FL . In this 
case , similarly to the first embodiment , shading correction is 
performed using Expression ( 3 ) or Expression ( 4 ) . 
[ 0167 ] In each of the above - described embodiments , the 
example in which the acquisition unit 90 , the creation unit 
96 , and the correction unit 97 are constructed in the CPU 77 
of the console 12 and the console 12 is used as the shading 
correction apparatus has been described . However , the 
image reading apparatus 11 may have the functions of the 
shading correction apparatus . In this case , the acquisition 
unit 90 , the creation unit 96 , and the correction unit 97 are 
provided in , for example , the controller 59 . In addition , a 
computer different from the image reading apparatus 11 and 
the console 12 may have the functions of the shading 
correction apparatus . 
[ 0168 ] In each of the above - described embodiments , the 
hardware structure of the processors ( processing units ) for 
performing various processes , such as the acquisition unit 
90 , the creation unit 96 , and the correction unit 97 , is , for 
example , the CPU 77 which is a general - purpose processor 
that executes software ( operation program 85 ) to function as 
various processing units . 
101691 . Instead of some or all of the functions implemented 
by the CPU 77 , the following various processors may be 
used . Various processors include , for example , a program 
mable logic device ( PLD ) which is a processor of which the 
circuit configuration can be changed after manufacture , such 
as a field programmable gate array ( FPGA ) , and a dedicated 
electric circuit which is a processor having a circuit con 
figuration that is designed exclusively for a specific process , 
such as an application specific integrated circuit ( ASIC ) . The 
hardware structure of the various processors is , specifically , 
is an electric circuit ( circuitry ) into which a circuit element , 
such as a semiconductor element , is incorporated . 
[ 0170 ] It is possible to check the invention indicated by 
the following supplementary node from the above descrip 
tion . 
[ 0171 ] Supplementary Note 1 
[ 0172 ] Provided is a shading correction apparatus that is 
used for an image reading apparatus including an excitation 
light source that irradiates an image carrier , which carries 
image information and includes a fluorescent material , with 
excitation light in an image detection region , and a detection 
unit that detects a fluorescence image on the basis of 
fluorescent light emitted from the fluorescent material 
excited by the excitation light , and corrects shading which is 
density unevenness in the fluorescence image detected by 
the detection unit . The shading correction apparatus com 
prises : an acquisition processor that acquires a correction 
image signal detected by the detection unit in a state in 
which a flat - plate - shaped correction plate , which has a 
wavelength characteristic in which an excitation wavelength 
band and an emission wavelength band at least partially 
overlap an excitation wavelength band and an emission 
wavelength band of the fluorescent material , respectively , 
and has a plane size corresponding to a plurality of small 
regions in the image detection region , is disposed in the 
corresponding small region in the image detection region ; a 
creation processor that creates a correction image on the 
basis of the correction image signal of each small region in 

EXPLANATION OF REFERENCES 
[ 0174 ] 10 : image detection system 
[ 0175 ] 11 : image reading apparatus 
[ 0176 ] 12 : console ( shading correction apparatus ) 
[ 0177 ] 13 : image carrier 
[ 0178 ] 14 : housing 
[ 0179 ] 15 , 16 : cover 
[ 0180 ] 17 : display 
10181 ] 18 : operation unit 
10182 ] 25 : stage 
[ 0183 ] 25A : bottom 
[ 0184 ) 25B : side surface 
[ 0185 ] 25C : mark 
101861 26 : excitation light source 
[ 0187 ] 26A : excitation light source ( infrared excitation 
light source ) 
[ 0188 ] 26B : excitation light source ( red excitation light 
source ) 
[ 0189 ] 26C : excitation light source ( green excitation light 
source ) 
[ 0190 ] 26D : excitation light source ( blue excitation light 
source ) 
[ 0191 ] 27 : light source optical system 
[ 0192 ] 28 : light guide optical system 
[ 0193 ] 29 , 130 : optical head 
0194 ) 30 : filter unit 
[ 0195 ] 31 : photomultiplier ( detection unit ) 
[ 0196 ] 32 : glass plate 
[ 01971 33 : image detection region 
[ 0198 ] 34 to 37 : collimator lens 
f0199 ) 38 , 42 , 43 , 134 : mirror 
[ 02000 39 to 41 , 133 : dichroic mirror 
[ 0201 ] 44 : perforated concave mirror 
10202 ) 45 , 50 : concave mirror 
[ 0203 ] 46 : through hole 
[ 0204 47 : substrate 
[ 0205 ) 48 : filter 
[ 0206 ] 48A : filter ( infrared filter ) 
[ 0207 ] 48B : filter ( red filter ) 
0208 ] 48C : filter ( green filter ) 
[ 0209 ] 48D : filter ( blue filter ) 
[ 0210 ] 48E : filter 
[ 0211 ] 51 : aspheric lens 
[ 0212 ] 55 : A / D converter ( A / D ) 
[ 0213 ] 56 : image memory 
[ 0214 ] 57 : communication unit 
[ 0215 ] 58 : scanning unit 
[ 0216 ) 59 : controller 
[ 0217 ] 65 , 105 , 115 : correction plate 
[ 0218 ] 65A to 65C : first to third correction plates 
[ 0219 ] 66 , 110 , 120 : holding frame 
[ 0220 ] 67 , 67A to 67C , 111 : correction plate unit 
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[ 0221 ] 68 , 112 : concave portion 
102221 69 : mark 
( 0223 ] 75 : storage device 
[ 0224 ] 76 : memory 
10225 ] 77 : CPU 
[ 0226 ] 78 : communication unit 
[ 0227 79 : data bus 
[ 0228 ] 85 : operation program 
[ 0229 ] 86 : fluorescence characteristic value information 
[ 0230 ] 86A to 86C : first to third fluorescence characteristic 
value information items 
10231 ] 87 : correction image 
[ 0232 ] 87A to 87D : first to fourth correction images 
[ 02331 90 : acquisition unit 
102341 91 : command receiving unit 
[ 0235 ] 92 : information management unit 
[ 0236 ] 93 : image processing unit 
10237 ] 94 : setting unit 
[ 0238 ] 95 : display control unit 
[ 0239 ] 96 : creation unit 
0240 ] 97 : correction unit 

[ 0241 ] 106 : fitting protrusion 
[ 0242 ] 113 : fitting hole 
[ 0243 ] 121 : accommodation hole 
10244 ] 122 : step portion 
[ 0245 ] 131 : objective lens 
[ 0246 ] 132 : condensing lens 
[ 0247 ] 135A , 135B : first and second avalanche photo 
diodes ( APD ) 
[ 0248 ] FF : correction image signal 
[ 0249 ] FFS : standardized correction image signal 
[ 0250 ] FFF : image signal of correction image 
( 0251 ) FR : image signal of fluorescence image 
0252 ] FC : image signal of corrected fluorescence image 

[ 0253 ] FV : characteristic value 
10254 ] SR : small region 
[ 0255 ] X : main scanning direction 
[ 0256 ] Y : sub - scanning direction 
[ 0257 ] EL : excitation light 
[ 0258 ] EL - IR : infrared excitation light 
[ 0259 ] EL - R : red excitation light 
[ 0260 ] FL : fluorescent light 
[ 0261 ] FL - IR : infrared fluorescent light 
[ 0262 ] FL - R : red fluorescent light 
[ 0263 ] S100 to $ 150 , S200 to $ 250 : step 
What is claimed is : 
1 . A shading correction apparatus that is used for an image 

reading apparatus including an excitation light source that 
irradiates an image carrier , which carries image information 
and includes a fluorescent material , with excitation light in 
an image detection region , and a detection unit that detects 
a fluorescence image on the basis of fluorescent light emitted 
from the fluorescent material excited by the excitation light , 
and corrects shading which is density unevenness in the 
fluorescence image detected by the detection unit , the shad 
ing correction apparatus comprising : 

a flat - plate - shaped correction plate that has a wavelength 
characteristic in which an excitation wavelength band 
and an emission wavelength band at least partially 
overlap an excitation wavelength band and an emission 
wavelength band of the fluorescent material , respec 
tively , and has a plane size corresponding to a plurality 
of small regions in the image detection region ; 

an acquisition unit that acquires a correction image signal 
detected by the detection unit in a state in which the 
correction plate is disposed in the corresponding small 
region in the image detection region ; 

a creation unit that creates a correction image on the basis 
of the correction image signal of each small region in 
the image detection region ; and 

a correction unit that performs shading correction for the 
fluorescence image on the basis of the correction 
image . 

2 . The shading correction apparatus according to claim 1 , 
wherein the image detection region is equally divided into 

the small regions . 
3 . The shading correction apparatus according to claim 1 , 
wherein the correction image is created from the correc 

tion image signal of each small region obtained by 
irradiating the correction plate disposed in each small 
region with the excitation light . 

4 . The shading correction apparatus according to claim 1 , 
wherein the correction image is created from the correc 

tion image signal of each small region obtained by 
moving the correction plates whose number is less than 
the number of small regions from an initial position one 
or more times and irradiating the correction plates with 
the excitation light at the initial position and the moved 
positions . 

5 . The shading correction apparatus according to claim 1 , 
wherein , in a case in which there are a plurality of the 

correction plates , fluorescence characteristic values of 
the plurality of correction plates are stored in a storage 
unit in advance , and 

the creation unit divides the correction image signal of 
each small region by the characteristic value of the 
corresponding correction plate to correct a variation in 
the fluorescence characteristics of the plurality of cor 
rection plates and creates the correction image . 

6 . The shading correction apparatus according to claim 1 , 
wherein the creation unit performs interpolation or 

extrapolation with the correction image signal of each 
small region to create the correction image . 

7 . The shading correction apparatus according to claim 1 , 
wherein the creation unit creates the correction image and 

stores the correction image in the storage unit before 
the shading correction is performed , and 

in a case in which the shading correction is performed , the 
correction unit reads out the correction image from the 
storage unit . 

8 . The shading correction apparatus according to claim 1 , 
wherein the correction plate has the same plane size as the 

small region and is laid in the image detection region . 
9 . The shading correction apparatus according to claim 1 , 
wherein the correction plate has a smaller plane size than 

the small region . 
10 . The shading correction apparatus according to claim 

1 , further comprising : 
a holding frame that holds the correction plate and is 

provided in the image detection region . 
11 . The shading correction apparatus according to claim 

wherein the correction plate has an index indicating the 
up , down , left , and right sides of the correction plate 
and the front and rear sides of the correction plate . 
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12 . The shading correction apparatus according to claim 
wherein the number of small regions is equal to or greater 

than 9 . 
13 . A method for operating a shading correction apparatus 

that is used for an image reading apparatus including an 
excitation light source that irradiates an image carrier , which 
carries image information and includes a fluorescent mate 
rial , with excitation light in an image detection region , and 
a detection unit that detects a fluorescence image on the 
basis of fluorescent light emitted from the fluorescent mate 
rial excited by the excitation light , and corrects shading 
which is density unevenness in the fluorescence image 
detected by the detection unit , the method comprising : 

an acquisition step of acquiring a correction image signal 
detected by the detection unit in a state in which a 
flat - plate - shaped correction plate , which has a wave 
length characteristic in which an excitation wavelength 
band and an emission wavelength band at least partially 
overlap an excitation wavelength band and an emission 
wavelength band of the fluorescent material , respec 
tively , and has a plane size corresponding to a plurality 
of small regions in the image detection region , is 
disposed in the corresponding small region in the image 
detection region ; 

a creation step of creating a correction image on the basis 
of the correction image signal of each small region in 
the image detection region ; and 

a correction step of performing shading correction for the 
fluorescence image on the basis of the correction 
image . 

* * * * * 


