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(57) ABSTRACT 

A fluoroscopy apparatus including: an illumination unit hav 
ing a light Source radiating illumination light and excitation 
light onto an observation target, a fluorescence-imaging unit 
acquiring a fluorescence image by imaging fluorescence gen 
erated at the observation target by the excitation light, a 
white-light-imaging unit acquiring a reference image by 
imaging light returning from the observation target by the 
illumination light, and an image-correction unit obtaining a 
correction fluorescence image by raising the luminance value 
of the fluorescence image to the power of a reciprocal of a first 
and second exponent obtained by a power approximation of a 
distance characteristic of luminance versus observation dis 
tance, for the fluorescence image, and that obtains a corrected 
fluorescence image by dividing the correction fluorescence 
image by the correction reference image. 
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FIG. 8 
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FIG. 12 
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FLUOROSCOPY APPARATUS, 
FLUOROSCOPY SYSTEM, AND 

FLUORESCIENCE-MAGE PROCESSING 
METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional application of U.S. 
Ser. No. 13/235,886 filed Sep. 19, 2011, which is a continu 
ation of International Application PCT/JP2010/054510, with 
an international filing date of Mar. 17, 2010, each of which are 
incorporated by reference herein in their entirety. This appli 
cation claims the benefit of Japanese Patent Application No. 
2009-072852, the content of which is incorporated herein by 
reference. 

TECHNICAL FIELD 

0002 The present invention relates to a fluoroscopy appa 
ratus, a fluoroscopy system, and a fluorescence-image pro 
cessing method. 

BACKGROUND ART 

0003. In the related art, there is a known fluoroscopy appa 
ratus that is capable of obtaining a high-luminance fluores 
cence image of a lesion by radiating excitation light, which 
excites fluorescent dye to generate agent-fluorescence, onto 
an observation target site, to which a fluorescent dye that 
Specifically accumulates at a lesion, Such as cancer cells, is 
administered, and by capturing the agent-fluorescence gen 
erated (for example, see Patent Literature 1). 
0004. In the fluoroscopy apparatus described in Patent 
Literature 1, since the intensity of the excitation light radiated 
onto an observation target site varies depending on distance, 
in order to correct the influence due to the distance, arithmetic 
processing in which a fluorescence image of the observation 
target site is divided by a reflected-light image of the same 
observation target site is performed. 

CITATION LIST 

Patent Literature 

0005 PTL 1 Japanese Unexamined Patent Application, 
Publication No. Sho 62-247232. 

SUMMARY 

0006. The present invention employs the following solu 
tions. 
0007. A first aspect of the present invention is a fluoros 
copy apparatus including, an illumination portion having a 
light source that radiates illumination light and excitation 
light onto a Subject, a fluorescence-imaging unit that acquires 
a fluorescence image by imaging fluorescence generated at 
the subject by the radiation of the excitation light from the 
illumination portion, a return-light imaging unit that acquires 
a reference image by imaging return light returning from the 
subject by the radiation of the illumination light from the 
illumination portion, and an image-correction unit that cor 
rects the fluorescence image acquired by the fluorescence 
imaging unit by using the reference image acquired by the 
return-light imaging unit, wherein in the image-correction 
unit, a correction fluorescence image is obtained by raising a 
luminance value of the fluorescence image to the power of the 
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reciprocal of a first exponent that is obtained by a power 
approximation of a characteristic of luminance versus dis 
tance from the illumination portion to the subject, for the 
fluorescence image acquired by the fluorescence-imaging 
unit when the excitation light of a prescribed intensity is 
radiated towards the Subject; a correction reference image is 
obtained by raising a luminance value of the reference image 
to the power of the reciprocal of a second exponent that is 
obtained by a power approximation of a characteristic of 
luminance versus distance from the illumination portion to 
the subject, for the reference image obtained by the return 
light imaging unit when the illumination light of a prescribed 
intensity is radiated towards the Subject; and a corrected fluo 
rescence image is obtained by dividing the correction fluo 
rescence image by the correction reference image. 
0008 According to this aspect, by radiating the excitation 
light emitted from the illumination portion onto the subject, 
the fluorescence generated at the Subject is imaged by the 
fluorescence-imaging unit imaging unit and a fluorescence 
image is acquired, and by radiating the illumination light 
emitted from the illumination portion together with the exci 
tation light onto the Subject, the return light thereof is imaged 
by the return-light imaging unit and a reference image is 
acquired. 
0009. In this case, the fluorescence image acquired by the 
fluorescence-imaging unit contains information related to the 
fluorescence that is raised to the power of the distance from 
the illumination portion to the subject, and the reference 
image acquired by the return-light imaging unit contains 
information related to the illumination light that is raised to 
the power of the distance from the illumination portion to the 
Subject. In addition, because the fluorescence and return-light 
characteristics differ if they are influenced by internal scat 
tering, surface reflection, or the like, the characteristic of the 
luminance of the fluorescence image on the distance from the 
illumination portion to the subject differs from the character 
istic of the luminance of the reference image on the distance 
from the illumination portion to the subject. 
0010. According to the fluoroscopy apparatus of the 
present invention, in the image-correction unit, by raising the 
luminance value of the fluorescence image to the power of the 
reciprocal of the first exponent obtained by a power approxi 
mation of the characteristic of the luminance versus distance 
from the illumination portion to the subject, for the fluores 
cence image, it is possible to obtain the correction fluores 
cence image having a Substantially constant luminance rela 
tive to variations in the distance. In addition, by raising the 
luminance value of the reference image to the power of the 
reciprocal of the second exponent obtained by a power 
approximation of the characteristic of the luminance of Ver 
sus distance from the illumination portion to the Subject, for 
the reference image, it is possible to obtain the correction 
reference image having a Substantially constant luminance 
relative to the variations of the distance. Therefore, by divid 
ing the correction fluorescence image by the correction ref 
erence image, it is possible to obtain a corrected fluorescence 
image having quantitativeness, in which the dependencies of 
the fluorescence image and the reference image on distance 
are cancelled and in which correction is achieved with high 
accuracy, allowing a lesion to be diagnosed accurately. 
0011. In this aspect, the image-correction unit may further 
raise the luminance value of the corrected fluorescence image 
to the power of the first exponent. 
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0012 Configuring in this way, it is possible to reduce the 
dependency on the distance by the image-correction unit, 
while maintaining a direct-proportionality relationship 
between the luminance value of the corrected fluorescence 
image and the amount of the fluorescent agent present in the 
Subject (i.e., the concentration of fluorescent agent). 
0013. A second aspect of the present invention is a fluo 
roscopy apparatus comprising, an illumination portion hav 
ing a light source that radiates illumination light and excita 
tion light onto a subject, a fluorescence-imaging unit that 
acquires a fluorescence image by imaging fluorescence gen 
erated at the subject by the radiation of the excitation light 
from the illumination portion, a return-light imaging unit that 
acquires a reference image by imaging return light returning 
from the subject by the radiation of the illumination light from 
the illumination portion, and an image-correction unit that 
corrects the fluorescence image acquired by the fluorescence 
imaging unit by using the reference image acquired by the 
return-light imaging unit, wherein in the image-correction 
unit, a first exponent is obtained by a power approximation of 
a characteristic of luminance versus distance from the illumi 
nation portion to the Subject, for the fluorescence image 
acquired by the fluorescence-imaging unit when the excita 
tion light of a prescribed luminance is radiated towards the 
Subject; a second exponent is obtained by a power approxi 
mation of a characteristic of luminance versus distance from 
the illumination portion to the Subject, for a reference image 
acquired by a return-light imaging unit when the illumination 
light of a prescribed intensity is radiated towards the subject; 
a correction reference image is obtained by raising the lumi 
nance value of the reference image to the power of a third 
exponent that is obtained by dividing the first exponent by the 
second exponent; a correction fluorescence image is obtained 
by dividing the fluorescence image by the correction refer 
ence image, or by raising the luminance value of the fluores 
cence image to the power of a fourth exponent that is obtained 
by dividing the second exponent by the first exponent; and a 
corrected fluorescence image is obtained by dividing the cor 
rection fluorescence image by the reference image. 
0014. According to this aspect, in the image-correction 

unit, it is Sufficient to perform the power computation only 
once to correct the influence of the distance with high preci 
Sion, and it is possible to obtain the corrected fluorescence 
image in which the luminance value and the amount of the 
fluorescent agent present have a direct-proportionality rela 
tionship. 
0015. A third aspect of the present invention is a fluoros 
copy apparatus comprising, an illumination portion having a 
light source that radiates illumination light and excitation 
light onto a Subject, a fluorescence-imaging unit that acquires 
a fluorescence image by imaging fluorescence generated at 
the subject by the radiation of the excitation light from the 
illumination portion, a return-light imaging unit that acquires 
a reference image by imaging return light returning from the 
subject by the radiation of the illumination light from the 
illumination portion, and an image-correction unit that cor 
rects the fluorescence image acquired by the fluorescence 
imaging unit by using the reference image acquired by the 
return-light imaging unit, wherein the image-correction unit 
obtains a correction fluorescence image by raising a lumi 
nance value of the fluorescence image to the power of the first 
correction factor that is obtained such that ratios of a lumi 
nance of the fluorescence image, in which the luminance 
value of the fluorescence image has been raised to the power 
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of a first correction factor, to a luminance of the reference 
image match each other at a plurality of different distances, 
and obtains a corrected fluorescence image by dividing the 
correction fluorescence image by the reference image. 
0016. According to this aspect, only the ratios of the inten 
sities of the luminance of the fluorescence image and of the 
reference light image at a plurality of different distances need 
to be obtained, and it is not necessary to obtain the distance 
information. In addition, because the distance characteristic 
is not subjected to a power approximation, it is possible to 
decide the first correction factor with a simple computation. 
0017. A fourth aspect of the present invention is a fluoros 
copy apparatus comprising, an illumination portion having a 
light Source that radiates illumination light and excitation 
light onto a Subject, a fluorescence-imaging unit that acquires 
a fluorescence image by imaging fluorescence generated at 
the subject by the radiation of the excitation light from the 
illumination portion, a return-light imaging unit that acquires 
a reference image by imaging return light returning from the 
subject by the radiation of the illumination light from the 
illumination portion, and an image-correction unit that cor 
rects the fluorescence image acquired by the fluorescence 
imaging unit by using the reference image acquired by the 
return-light imaging unit, wherein the image-correction unit 
obtains the correction reference image by raising aluminance 
value of the reference image to the power of the second 
correction factor that is obtained such that ratios of a lumi 
nance of the fluorescence image to a luminance of the refer 
ence image, in which the luminance value of the reference 
image has been raised to the power of a second correction 
factor, match each other at a plurality of different distances, 
and obtains a corrected fluorescence image by dividing the 
fluorescence image by the correction reference image. 
0018. According to this aspect, by deciding only the sec 
ond correction factor from the luminance information of the 
fluorescence image and the reference image at a plurality of 
different distances, it is possible to easily obtain the corrected 
fluorescence image having high quantitativeness, in which 
the distance dependencies of the fluorescence image and the 
reference image are reduced. 
0019. A fifth aspect of the present invention is a fluoros 
copy apparatus comprising, an illumination portion having a 
light Source that radiates illumination light and excitation 
light onto a Subject, a fluorescence-imaging unit that acquires 
a fluorescence image by imaging fluorescence generated at 
the subject by the radiation of the excitation light from the 
illumination portion, a return-light imaging unit that acquires 
a reference image by imaging return light returning from the 
subject by the radiation of the illumination light from the 
illumination portion, and an image-correction unit that cor 
rects the fluorescence image acquired by the fluorescence 
imaging unit by using the reference image acquired by the 
return-light imaging unit, wherein the image-correction unit 
obtains a correction fluorescence image by raising a lumi 
nance value of the fluorescence image to the power of the first 
correction factor that is obtained such that ratios of a lumi 
nance of the fluorescence image, in which the luminance 
value of the fluorescence image has been raised to the power 
of a first correction factor, to a luminance of the reference 
image, in which the luminance value of the reference image 
has been raised to the power of a second correction factor, 
match each other at a plurality of different distances, obtains 
the correction reference image by raising the luminance value 
of the reference image to the power of the second correction 
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factor, and obtains a corrected fluorescence image by dividing 
the correction fluorescence image by the correction reference 
image. 
0020. According to this aspect, by deciding only two cor 
rection factors from the luminance information of the fluo 
rescence image and the reference image at a plurality of 
different distances, it is possible to easily obtain a corrected 
fluorescence image having high quantitativeness in which the 
distance dependencies of the fluorescence image and the ref 
erence image are reduced. 
0021. In the above-described aspect, an image-acquisition 
condition adjusting portion that adjusts an image acquisition 
condition on the basis of the luminance value of the fluores 
cence image acquired by the fluorescence-imaging unit, may 
be provided, wherein the image-correction unit may normal 
ize the luminance of the fluorescence image by the image 
acquisition condition. 
0022 Configuring in this way, it is possible to obtain a 
fluorescence image having Suitable brightness with the 
image-acquisition condition adjusting portion regardless of 
the luminance of the fluorescence generated at the Subject. In 
this case, by normalizing the luminance of the fluorescence 
image by the image acquisition condition with the image 
correction unit, it is possible to standardize the luminance 
value of the fluorescence image even when the image acqui 
sition condition of the image-acquisition condition adjusting 
portion is changed. 
0023. In the above-described aspect, the image-acquisi 
tion condition adjusting portion may adjust exposure time of 
the fluorescence-imaging unit, and the image-correction unit 
may divide the luminance value of the fluorescence image by 
the exposure time. 
0024 Configuring in this way, it is possible to adjust the 
brightness of the fluorescence image by using the image 
acquisition condition adjusting portion by changing the expo 
Sure time of the fluorescence-imaging unit. In addition, even 
if the exposure time of the fluorescence-imaging unit is 
changed, it is possible to standardize the fluorescence image 
at a luminance value per unit time with the image-correction 
unit. 
0025. In the above-described aspect, the image-acquisi 
tion condition adjusting portion may adjust again factor of 
the fluorescence-imaging unit, and the image-correction unit 
may divide the luminance value of the fluorescence image by 
the gain factor. 
0026 Configuring in this way, it is possible to adjust the 
brightness of the fluorescence image by using the image 
acquisition condition adjusting portion by changing the gain 
factor of the fluorescence-imaging unit. In addition, even if 
the gain factor of the fluorescence-imaging unit is changed, it 
is possible to standardize the fluorescence image at a certain 
luminance value per multiplication value with the image 
correction unit. 
0027. In the above-described aspect, the image-acquisi 
tion condition adjusting portion may adjust excitation-light 
intensity from the illumination portion, and the image-cor 
rection unit may divide the luminance value of the fluores 
cence image by the excitation-light intensity. 
0028 Configuring in this way, it is possible to adjust the 
brightness of the fluorescence image by using the image 
acquisition conditionadjusting portion by changing the inten 
sity of the excitation light radiated on the subject. In addition, 
even if the excitation-light intensity from the illumination 
portion is changed, it is possible to standardize the fluores 
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cence image at a certain luminance value per excitation-light 
intensity with the image-correction unit. 
0029. In the above-described aspect, an image-acquisition 
condition adjusting portion that adjusts the image acquisition 
condition on the basis of the luminance value of the reference 
image acquired by the return-light imaging unit is provided, 
wherein the image-correction unit may normalize the lumi 
nance of the reference image by the image acquisition con 
dition. 
0030 Configuring in this way, it is possible to obtain a 
reference image having Suitable brightness by using the 
image-acquisition condition adjusting portion regardless of 
the luminance of the return light returning from the Subject. In 
this case, by normalizing the luminance of the reference 
image by the image acquisition condition with the image 
correction unit, even when the image acquisition condition of 
the image-acquisition condition adjusting portion is changed, 
it is possible to standardize the luminance value of the refer 
ence image. 
0031. In the above-described aspect, the image-acquisi 
tion condition adjusting portion may adjust exposure time of 
the return-light imaging unit, and the image-correction unit 
divides the luminance value of the reference image by the 
exposure time. 
0032 Configuring in this way, it is possible to adjust the 
brightness of the reference image by changing the exposure 
time of the return-light imaging unit with the image-acquisi 
tion condition adjusting portion. In addition, even if the expo 
Sure time of the return-light imaging unit is changed, it is 
possible to standardize the reference image at a luminance 
value per unit time with the image-correction unit. 
0033. In the above-described aspect, the image-acquisi 
tion condition adjusting portion may adjust again factor of 
the return-light imaging unit, and the image-correction unit 
may divide the luminance value of the reference image by the 
gain factor. 
0034 Configuring in this way, it is possible to adjust the 
brightness of the reference image by changing the gain factor 
of the return-light imaging unit with the image-acquisition 
condition adjusting portion. In addition, even if the gain fac 
tor of the return-light imaging unit is changed, it is possible to 
standardize the reference image at a certain luminance value 
per multiplication value with the image-correction unit. 
0035. In the above-described aspect, the image-acquisi 
tion condition adjusting portion adjusts illumination light 
intensity from the illumination portion, and the image-cor 
rection unit divides the luminance value of the reference 
image by the illumination light intensity. 
0036 Configuring in this way, it is possible to adjust the 
brightness of the reference image by using the image-acqui 
sition conditionadjusting portion by changing the intensity of 
the return light returning from the subject. In addition, even if 
the illumination light intensity from the illumination portion 
is changed, it is possible to standardize the reference image at 
a certain luminance value per unit of illumination light inten 
sity with the image-correction unit. 
0037. A sixth aspect of the present invention is a fluoros 
copy system comprising a fluoroscopy apparatus according to 
the above-mentioned present invention and a calibration 
device that calibrates the fluoroscopy apparatus, wherein the 
calibration device is provided with a standard specimen and 
an observation-state setting mechanism that changeably sets 
an observation distance of the fluoroscopy apparatus relative 
to the standard specimen, and wherein the fluoroscopy appa 
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ratus or the calibration device is provided with an exponent 
calculating unit that calculates the first exponent and the 
second exponent on the basis of the observation distance set 
by the observation-state setting mechanism and the fluores 
cence image and the reference image acquired by imaging the 
standard specimen with the fluoroscopy apparatus. 
0038 According to this aspect, by calibrating the fluoros 
copy apparatus with the calibration device prior to the fluo 
rescence observation, it is possible to calculate the first expo 
nent and the second exponent in the fluoroscopy apparatus 
more precisely by the operation of the exponent calculating 
unit on the basis of the image acquired using the standard 
specimen. 
0039. A seventh aspect of the present invention is a fluo 
roscopy system comprising a fluoroscopy apparatus accord 
ing to the above-mentioned present invention and a calibra 
tion device that calibrates the fluoroscopy apparatus, wherein 
the calibration device is provided with a standard specimen 
and an observation-state setting mechanism that changeably 
sets an observation distance of the fluoroscopy apparatus 
relative to the standard specimen, and wherein the fluoros 
copy apparatus or the calibration device is provided with a 
correction-factor calculating unit that calculates the first cor 
rection factor and the second correction factor on the basis of 
the observation distance set by the observation-state setting 
mechanism and the fluorescence image and the reference 
image acquired by imaging the standard specimen with the 
fluoroscopy apparatus. 
0040. According to this aspect, by calibrating the fluoros 
copy apparatus with the calibration device prior to the fluo 
rescence observation, it is possible to calculate the first cor 
rection factor and the second correction factor in the 
fluoroscopy apparatus more precisely by the operation of the 
exponent calculating unit on the basis of the image acquired 
using the standard specimen. 
0041 An eighth aspect of the present invention is a fluo 
rescence-image processing method for performing the fol 
lowing correction processing on a fluorescence image 
acquired by imaging fluorescence produced at a Subject by 
radiating excitation light from an illumination portion onto 
the Subject by using a reference image acquired by imaging 
return light returning from the subject when the subject is 
irradiated with illumination light from the illumination por 
tion: 

FLevised F.La?er/TRL after 

0042 where, 
0.043 FL, is a luminance value of a fluorescence 
image after correction, 
0044) FL, AxFL, 
I0045 RL, BxBL', 
I0046) FL and RL are luminance values of the 
acquired fluorescence image and reference image, 
0047 A and B are constants, 
0048 x is a reciprocal of an exponent obtained by a power 
approximation of a characteristic of luminance versus dis 
tance from the illumination portion to the subject, for the 
fluorescence image obtained by radiating excitation light of a 
prescribed intensity onto the Subject, and 
0049 y is a reciprocal of an exponent obtained by a power 
approximation of a characteristic of luminance versus dis 
tance from the illumination portion to the subject, for the 
reference image obtained by radiating illumination light of a 
prescribed intensity onto the subject. 
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0050. A ninth aspect of the present invention is a fluores 
cence-image processing method for performing the following 
correction processing on a fluorescence image acquired by 
imaging fluorescence produced at a Subject by radiating exci 
tation light from an illumination portion onto the Subject by 
using a reference image acquired by imaging return light 
returning from the subject when the subject is irradiated with 
illumination light from the illumination portion: 

FLevised (FLane/RLane)", 
0051 where, 
0052 FL, is a luminance value of a fluorescence 
image after correction, 
I0053 FL, AxFL, 
10054) RL, BxBL', 
I0055 FL and RL are luminance values of the 
acquired fluorescence image and reference image, 
0056 A and B are constants, 
0057 x is a reciprocal of an exponent obtained by a power 
approximation of a characteristic of luminance versus dis 
tance from the illumination portion to the subject, for the 
fluorescence image obtained by radiating excitation light of a 
prescribed intensity onto the Subject, and 
0.058 y is a reciprocal of an exponent obtained by a power 
approximation of a characteristic of luminance versus dis 
tance from the illumination portion to the subject, for the 
reference image obtained by radiating illumination light of a 
prescribed intensity onto the subject. 
0059 A tenth aspect of the present invention is a fluores 
cence-image processing method for performing the following 
correction processing on a fluorescence image acquired by 
imaging fluorescence produced at a Subject by radiating exci 
tation light from an illumination portion onto the Subject by 
using a reference image acquired by imaging return light 
returning from the subject when the subject is irradiated with 
illumination light from the illumination portion: 

FL, eisei FL before/TRLane 

0060 where, 
0061 FL, is a luminance value of a fluorescence 
image after correction, 
I0062 RL, BxRL', 
I0063 FL and RL are luminance values of the 
acquired fluorescence image and reference image, 
0064 B is a constant; 
0065 y is a value obtained by dividing a first exponent 
obtained by a power approximation of a characteristic of 
luminance versus distance from the illumination portion to 
the Subject, for the fluorescence image obtained by radiating 
excitation light of a prescribed intensity onto the Subject, by a 
second exponent obtained by a power approximation of a 
characteristic of luminance versus distance from the illumi 
nation portion to the Subject, for the reference image obtained 
by radiating illumination light of a prescribed intensity onto 
the subject. 
0.066 An eleventh aspect of the present invention is a 
fluorescence-image processing method for performing the 
following correction processing on a fluorescence image 
acquired by imaging fluorescence produced at a Subject by 
radiating excitation light from an illumination portion onto 
the Subject by using a reference image acquired by imaging 
return light returning from the subject when the subject is 
irradiated with illumination light from the illumination por 
tion: 
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0067 where, 
0068 FL, is a luminance value of a fluorescence 
image after correction, 
(0069 FL-BxFL.', 
I0070 FL and RL are luminance values of the 
acquired fluorescence image and reference image, 
(0071 B is a constant, 
0072 y is a value obtained by dividing a first exponent 
obtained by a power approximation of a characteristic of 
luminance versus distance from the illumination portion to 
the Subject, for the fluorescence image obtained by radiating 
excitation light of a prescribed intensity onto the Subject, by a 
second exponent obtained by a power approximation of a 
characteristic of luminance versus distance from the illumi 
nation portion to the Subject, for the reference image obtained 
by radiating illumination light of a prescribed intensity onto 
the subject. 

BRIEF DESCRIPTION OF DRAWINGS 

0073 FIG. 1 is a block diagram showing, in outline, the 
configuration of a fluoroscopy apparatus according to a first 
embodiment of the present invention. 
0074 FIG. 2 is a diagram showing a state in which the 
observation distance between an insertion portion of the fluo 
roscopy apparatus in FIG. 1 and a standard specimen is 
changed. 
0075 FIG. 3 is a flowchart showing a method of calculat 
ing an exponent in the fluoroscopy apparatus in FIG. 1. 
0076 FIG. 4A is a diagram showing an image with obser 
vation distance D0, in the case where the size of a region of 
interest is not changed. 
0077 FIG. 4B is a diagram showing an image with obser 
vation distance D1, in the case where the size of a region of 
interest is not changed. 
0078 FIG. 4C is a diagram showing an image with obser 
Vation distance D2, in the case where the size of a region of 
interest is not changed. 
007.9 FIG. 5A is a diagram showing an image with obser 
vation distance D0, in the case where the size of a region of 
interest is changed. 
0080 FIG. 5B is a diagram showing an image with obser 
vation distance D1, in the case where the size of a region of 
interest is changed. 
0081 FIG.5C is a diagram showing an image with obser 
Vation distance D2, in the case where the size of a region of 
interest is changed. 
0082 FIG. 6 is a flowchart showing another method of 
calculating an exponent in the fluoroscopy apparatus accord 
ing to the first embodiment of the present invention. 
0083 FIG. 7 is a diagram showing an example of a con 
centration conversion table provided in an image-combining 
unit of the fluoroscopy apparatus in FIG. 1. 
0084 FIG. 8 is a flowchart of image processing in the 
image processing unit in FIG. 1. 
0085 FIG.9A is a graph showing the relationship between 
the luminance value of a corrected fluorescence image and the 
observation distance. 
I0086 FIG.9B is a graph showing, as a reference example, 
the relationship between the luminance value of a corrected 
fluorescence image and the observation distance. 
0087 FIG. 10 is a graph comparing the deviation of lumi 
nance values of a fluorescence image Subjected to power 
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arithmetic processing and the deviation of luminance values 
of a fluorescence image without power arithmetic processing. 
I0088 FIG. 11 is a block diagram showing, in outline, the 
configuration of a fluoroscopy apparatus according to a first 
modification of the first embodiment of the present invention. 
I0089 FIG. 12 is a flowchart of image processing in an 
image processing unit of a fluoroscopy apparatus according 
to a second modification of the first embodiment of the 
present invention. 
0090 FIG. 13 is a graph showing the relationship between 
the luminance value in a fluoroscopy apparatus according to 
a second modification of the first embodiment of the present 
invention and the amount of fluorescent agent present. 
0091 FIG. 14 is a graph showing the relationship between 
the luminance value, as a reference example, in the fluoros 
copy apparatus in FIG. 13 and the amount of a fluorescent 
agent present. 
0092 FIG. 15 is a flowchart of image processing in an 
image processing unit of a fluoroscopy apparatus according 
to a third modification of the first embodiment of the present 
invention. 
0093 FIG.16 is a diagram showing a state in which simul 
taneous observation of two identical standard specimens 
positioned at different observation distances is performed 
with a fluoroscopy apparatus according to a fifth modification 
of the first embodiment of the present invention. 
0094 FIG. 17A is a diagram showing the relationship 
between the luminance value of a fluorescence image 
obtained by the fluoroscopy apparatus according to the fifth 
modification of the first embodiment of the present invention 
and the observation distance. 
0.095 FIG. 17B is a diagram showing the relationship 
between the luminance value of a reference image obtained 
by the fluoroscopy apparatus according to the fifth modifica 
tion of the first embodiment of the present invention and the 
observation distance. 
0096 FIG. 18 is a diagram showing a state in which simul 
taneous observation of two regions of interest in a standard 
specimen at different observation distances is performed with 
a fluoroscopy apparatus according to an eighth modification 
of the first embodiment of the present invention. 
0097 FIG. 19 is a diagram showing a state in which simul 
taneous observation of three or more regions of interest in a 
standard specimen at different observation distances is per 
formed with a fluoroscopy apparatus according to a ninth 
modification of the first embodiment of the present invention. 
0.098 FIG.20 is a diagram showing a state in which simul 
taneous observation of regions of interest, including a con 
tinuous change in distance, in a standard specimen is per 
formed with a fluoroscopy apparatus according to a tenth 
modification of the first embodiment of the present invention. 
0099 FIG.21 is a diagram showing a standard deviation of 
FL/RL in a region of interest at every correction factor. 
0100 FIG. 22 is a block diagram showing, in outline, the 
configuration of a fluoroscopy apparatus according to a sec 
ond embodiment of the present invention. 
0101 FIG. 23 is a diagram showing an example of a gain 
conversion table provided in a fluorescence-image normal 
ization portion of the fluoroscopy apparatus in FIG. 22. 
0102 FIG. 24 is a flowchart of image processing in the 
image processing unit in FIG. 22. 
0103 FIG. 25 is a block diagram showing, in outline, the 
configuration of a fluoroscopy apparatus according to a third 
embodiment of the present invention. 
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0104 FIG. 26 is a diagram showing an example of an 
excitation-light intensity conversion table provided in a fluo 
rescence-image normalization portion of the fluoroscopy 
apparatus in FIG. 25. 
0105 FIG. 27 is a flowchart of image processing in the 
image processing unit in FIG. 25. 

DESCRIPTION OF EMBODIMENTS 

First Embodiment 

0106 A fluoroscopy system, a fluoroscopy apparatus, and 
a fluorescence-image processing method according to a first 
embodiment of the present invention will be described below 
with reference to the drawings. 
0107 As shown in FIG. 1, a fluoroscopy system 150 
according to this embodiment is provided with a fluoroscopy 
apparatus 101 and a calibration device 102 that is combined 
with the fluoroscopy apparatus 101. The fluoroscopy appara 
tuS 101 is an endoscope apparatus and is provided with an 
elongated insertion portion 2 that is inserted inside a body 
cavity, an illumination unit (illumination portion) 20 that 
includes a light Source 10that emits illumination light from an 
end 2a of the insertion portion 2, an image-acquisition unit 30 
that is disposed in the insertion portion 2 and acquires image 
information of an observation target site X, which is the 
Subject, an image processing unit 50 that performs arithmetic 
processing of the image information acquired by the image 
acquisition unit 30, and a monitor 4 that displays the images 
etc. that are processed by the image processing unit 50. 
0108. The light source 10 is provided with a xenon lamp 
12 that emits illumination light, a filter 14 that extracts the 
white light (illumination light) containing the excitation light 
from the illumination light emitted from the xenon lamp 12, 
and a coupling lens 16 that focuses the white light containing 
the excitation light extracted by the filter 14. The filter 14 
extracts, for example, the white light containing the excitation 
light in a wavelength band between 400 and 750 nm. 
0109 The illumination unit 20 is provided with a light 
guide fiber 22 that is disposed along a longitudinal direction 
of the insertion portion 2 over nearly the entire length thereof 
and that guides the white light containing the excitation light 
focused by a coupling lens 16 to the end 2a of the insertion 
portion 2, and a spreading lens 24 that is disposed on the end 
2a of the insertion portion 2 and that spreads the white light 
containing the excitation light guided by the light guide fiber 
22 to irradiate the observation target site X. 
0110. The image-acquisition unit 30 is provided with an 
objective lens 32 that collects return light returning from the 
observation target site X irradiated with the white light con 
taining the excitation light by the illumination unit 20 and a 
dichroic mirror 34 that reflects light of the excitation wave 
length or higher (the excitation light and fluorescence) in the 
return light collected by the objective lens 32, and that trans 
mits white light having a wavelength shorter than the excita 
tion wavelength. The objective lens 32 and the spreading lens 
24 are arranged side-by-side on the end 2a of the insertion 
portion 2. 
0111. This image-acquisition unit 30 is provided with an 
excitation-light cut filter 36 that blocks the excitation light in 
the excitation light and fluorescence reflected by the dichroic 
mirror 34 and that transmits only the fluorescence (for 
example, near-infrared fluorescence), two focusing lenses 38 
that respectively focus the fluorescence transmitted through 
this excitation-light cut filter 36 and the white light transmit 
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ted through the dichroic mirror 34, a fluorescence-imaging 
unit 42 that images the fluorescence focused by the focusing 
lenses 38 to obtain the fluorescence image information, and a 
white-light-imaging unit (return-light imaging unit) 44 that 
images the white light focused by the focusing lenses 38 to 
obtain the reference image information. 
0112 The excitation-light cut filter 36 only transmits, for 
example, fluorescence in the wavelength band between 765 
and 850 nm. 
0113. The fluorescence-imaging unit 42 is, for example, a 
high-sensitivity monochrome CCD for fluorescence. The 
white-light-imaging unit 44 is, for example, a color CCD for 
white light and is provided with a mosaic filter (not shown). 
0114. The image processing unit 50 is provided with a 
fluorescence exposure-time adjusting portion (image-acqui 
sition condition adjusting portion) 54 that adjusts the expo 
Sure time (image acquisition condition) of the fluorescence 
imaging unit 42 and a fluorescence-image generating unit 52 
that generates a two-dimensional fluorescence image on the 
basis of the fluorescence image information acquired by the 
fluorescence-imaging unit 42, a white-light exposure-time 
adjusting unit (image-acquisition condition adjusting por 
tion) 58 that adjusts the exposure time (image acquisition 
condition) of the white-light-imaging unit 44 and a reference 
image generating unit 56 that generates a two-dimensional 
reference image on the basis of the reference image informa 
tion acquired by the white-light-imaging unit 44, and an 
image-correction unit 60 that corrects the fluorescence image 
generated by the fluorescence-image generating unit 52 using 
the reference image generated by the reference-image gener 
ating unit 56. 
0115 The fluorescence exposure-time adjusting portion 
54 adjusts the exposure time of the fluorescence-imaging unit 
42 on the basis of the luminance values of the fluorescence 
image generated by the fluorescence-image generating unit 
52. 
0116 Similarly, the white-light exposure-time adjusting 
unit 58 adjusts the exposure time of the white-light-imaging 
unit 44 on the basis of the luminance values of the reference 
image generated by the reference-image generating unit 56. 
0117 The image-correction unit 60 is provided with a 
fluorescence-image normalization portion 62 that normalizes 
the luminance of the fluorescence image generated by the 
fluorescence-image generating unit 52 and a fluorescence 
image preprocessing section 64 that performs arithmetic pro 
cessing on the fluorescence image whose luminance is nor 
malized; a reference-image normalization portion 66 that 
normalizes the luminance of the reference image obtained by 
the reference-image generating unit 56 and a reference-image 
preprocessing section 68 that performs arithmetic processing 
on the reference image whose luminance is normalized; and a 
division processing unit 72 that obtains a corrected fluores 
cence image Kby dividing the correction fluorescence image 
obtained by the fluorescence-image preprocessing section 64 
by the correction reference image obtained by the reference 
image preprocessing section 68. 
0118. The fluorescence-image normalization portion 62 
reads out the luminance value of the fluorescence image from 
the fluorescence-image generating unit 52 and divides it by 
the exposure time of the fluorescence-imaging unit 42 set by 
the fluorescence exposure-time adjusting portion 54. 
0119 The fluorescence-image preprocessing section 64 
obtains the correction fluorescence image by raising the nor 
malized luminance value of the fluorescence image to the 
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power of the reciprocal 1/O. (or -1/O.) of a first exponent a that 
is obtained by a power approximation of a distance charac 
teristic of luminance versus observation distance Dn for the 
fluorescence image, which is obtained by the fluorescence 
imaging unit 42 by radiating the excitation light of a pre 
scribed intensity onto the observation target site X and which 
is normalized by the fluorescence-image normalization por 
tion 62. Specifically, the power computation shown below is 
performed: 

FLane. AxfL before (1) 

I0120 Here, FL, is a luminance value of the correction 
fluorescence image, FL, is a luminance value of the fluo 
rescence image, X is 1/O. or -1/C, C, is a first exponent, and A 
is a constant. 
0121 By performing this power computation, the correc 
tion fluorescence image whose luminance is proportional to 
(with -1/C, inversely proportional to) the variation of the 
distance is obtained. 
0122 Similarly, the reference-image normalization por 
tion 66 reads out the luminance information of the reference 
image from the reference-image generating unit 56 and 
divides it by the exposure time of the white-light-imaging unit 
44 set by the white-light exposure-time adjusting unit 58. 
0123. In addition, the reference-image preprocessing sec 
tion 68 obtains the correction reference image by raising the 
normalized luminance value of the reference image to the 
power of reciprocal 1/B (or -1/B) of a second exponent B that 
is obtained by a power approximation of a distance charac 
teristic of luminance versus observation distance Dn for the 
reference image, which is obtained by the white-light-imag 
ing unit 44 by radiating the white light of a prescribed inten 
sity onto the observation target site X and which is normal 
ized by the reference-image normalization portion 66. 
Specifically, the power computation shown below is per 
formed: 

RLe BXRL befor." (2) 

I0124. Here RL is a luminance value of the correction 
reference image, RL is a luminance value of the refer 
ence image, y is 1/B or -1/3, B is a second exponent, and B is 
a COnStant. 
0.125 By performing this power computation, the correc 
tion reference image whose luminance is proportional to 
(with -1/B, inversely proportional to) the variation of the 
distance is obtained. 
0126. In this case, based on a determination made prior to 
the fluorescence observation, the first exponent C. and the 
second exponent B are decided, as described below, by, as 
shown in FIG. 2, disposing a standard specimen 81 so as to 
oppose the end 2a of the insertion portion 2, and using the 
calibration device 102. 
0127. The calibration device 102 is provided with a trans 
lation stage (observation-state setting mechanism) 92 that 
changes the distance Dn (hereinafter referred to as “observa 
tion distance') between the end 2a of the insertion portion 2 
and the standard specimen 81, a stage controller 94 that 
controls the position of the translation stage 92, a distance 
information detector 96 that detects the distance information 
of the observation distance Dn, and a dependency-constant 
determining unit (exponent calculating unit) 98 that calcu 
lates the first exponent C. and the second exponent B. 
0128. The dependency-constant determining unit 98 cal 
culates the first exponent C. and the second exponent B on the 
basis of the normalized fluorescence image and reference 
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image sent from the fluorescence-image normalization por 
tion 62 and the reference-image normalization portion 66. 
respectively, and on the basis of the distance information 
detected by the distance-information detector 96. 
I0129. As the standard specimen 81, for example, one hav 
ing an optical characteristic close to that of a living body, Such 
as tissue from a pig large intestine, injected with fluorescent 
dye is desirable. 
0.130. The method of calculating the first exponent C. and 
the second exponent B in the dependency-constant determin 
ing unit 98 will be described below with reference to a flow 
chart in FIG. 3. 

I0131 The observation distance Dnis first set by operating 
the stage controller 94 (step SC1), and the observation dis 
tance Dn at this time is detected by the distance-information 
detector 96 and sent to the dependency-constant determining 
unit 98. In this state, the white light containing the excitation 
light is radiated onto the standard specimen 81 from the 
illumination unit 20. Then, the fluorescence and the white 
light are captured respectively with the fluorescence-imaging 
unit 42 and the white-light-imaging unit 44, and the fluores 
cence image and the reference image are obtained by the 
fluorescence-image generating unit 52 and the reference-im 
age generating unit 56 (step SC2). 
0.132. Next, the average values of the luminance values of 
regions that are determined in advance (hereinafter referred to 
as “regions of interest”) of the acquired fluorescence image 
and reference image are calculated (step SC3). 
I0133. The method of obtaining the luminance values is 
explained with the following reference example as an illus 
tration. 

I0134) For example, as shown in FIG. 2, the illumination 
light is radiated onto the standard specimen 81 while chang 
ing the observation distance Dn to D0, D1, and D2 
(D0<D1<D2) to obtain the fluorescence images such as those 
shown in FIGS. 4A to 4C and FIGS. 5A to 5C. In FIG. 2, 
reference sign 83 is a field of view of the fluorescence-imag 
ing unit 42 and reference sign 85 is a region of interest. 
I0135) If the fluorescence intensity in the standard speci 
men 81 is constant, in other words, for example, if the surface 
of the standard specimen 81, which is the subject, is substan 
tially flat, as shown in FIGS. 4A to 4C, the luminance value is 
calculated by making the size of the region of interest 85 
constant regardless of the observation distance Dn. On the 
other hand, if the fluorescence intensity in the standard speci 
men 81 is not constant, in other word, for example, if there are 
irregularities on the Surface of the standard specimen 81 and 
if there are nonuniformities in the fluorescence distribution in 
the standard specimen 81, as shown in FIGS. 5A to 5C, the 
luminance value is calculated by changing the size of the 
region of interest 85 in accordance with the observation dis 
tance Dn. By changing the size of the region of interest 85, it 
is possible to obtain the luminance value of the same site even 
when the observation distance Dn is changed. 
0.136 Next, the average values of the luminance values in 
the regions of interest, which are calculated from the fluores 
cence image and reference image, are divided by the exposure 
time and normalized by the fluorescence-image normaliza 
tion portion 62 and the reference-image normalization por 
tion 66 (step SC4), respectively, and thereafter, they are sent 
to the dependency-constant determining unit 98, and the 
luminance values are plotted in association with the distance 
information (step SC5). 
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0.137 The stage controller 94 repeats the above-described 
steps SC1 to SC6 multiple times for a predetermined number 
of times a (a is at least two or more) (step SC6). For example, 
the observation distance Dn is changed to D0 and D1, for 
example, a regression curve is obtained by a power approxi 
mation of the obtained distance characteristics, in other 
words, by performing regression to power functions D and 
DP (step SC7), and thereby, the first exponent C. and the 
second exponent B that indicate the dependencies on the 
observation distance Dn are calculated (step SC8). The 
results of the determination of the first exponent C. and the 
second exponent B from the regression curve, as the reference 
examples, are shown in FIGS. 17A and 17B. In FIGS. 17A 
and 17B, the vertical axis indicates the luminance value in the 
fluorescence image or the reference image and the horizontal 
axis indicates the observation distance Dn. 
0.138. By doing so, it is possible to determine the observa 
tion distance Dn and corresponding accurate exponents for 
the fluorescence image and the reference image with the 
dependency-constant determining unit 98. The first exponent 
C. and the second exponent B determined by the dependency 
constant determining unit 98 are sent to the fluorescence 
image preprocessing section 64 and the reference-image pre 
processing section 66, respectively. 
0139. In this embodiment, the distance-information detec 
tor 96 may be omitted, and distance information of the obser 
Vation distance Dn may be input to the dependency-constant 
determining unit 98 manually. 
0140. In addition, in this embodiment, although the aver 
age values of the luminance values of the regions of interestin 
the fluorescence image and the reference image are calculated 
before the normalization (see step SC3 in FIG. 3), and there 
after, the average values are normalized by treating them as 
the luminance values and dividing them by the exposure time 
(see SC4 in FIG. 3), instead of this, as shown in the flowchart 
in FIG. 6, for example, the normalization may be performed 
by dividing the luminance of the whole fluorescence image 
and the luminance of the whole reference image by the expo 
sure time, respectively (step SC3"), and thereafter, the average 
values of the normalized luminance values of the regions of 
interest in the fluorescence image and the reference image 
may be calculated (step SC4'). 
0141. In addition, the image processing unit 50 is provided 
with an image-combining unit 74 that generates an image by 
combining the reference image S generated by the reference 
image generating unit 56 and the corrected fluorescence 
image K generated by an image-correction unit 75. The 
image-combining unit 74 combines the corrected fluores 
cence image Kobtained by the division processing unit 72 
and the reference image S generated by the reference-image 
generating unit 56 Such that the combined images are 
arranged in parallel and simultaneously displayed on the 
monitor 4. In addition, as shown in FIG. 7, the image-com 
bining unit 74 has a concentration conversion table 87 in 
which the luminance values of the corrected fluorescence 
image Kand the amount of fluorescent agent present (in other 
words, the concentration of fluorescent agent) are associated 
with each other, which allows the fluorescence concentration 
in a specific region to be displayed on the monitor 4. 
0142. The operation of the thus-configured fluoroscopy 
apparatus 101 and fluorescence-image processing method 
according to this embodiment will be described. 
0143. In order to perform observation of for example, an 
observation target site X in a body cavity of a living body 
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using the fluoroscopy apparatus 101 according to this 
embodiment, the insertion portion 2 is inserted into the body 
cavity, and the end 2a is directed so as to oppose the obser 
Vation target site X. 
0144. In this state, the illumination unit 20 is operated, and 
the white light containing the excitation light, which is emit 
ted from the xenon lamp 12 and extracted by the filter 14, is 
focused by the coupling lens 16 so as to enter the light guide 
fiber 22. The white light containing the excitation light that 
has entered the light guide fiber 22 is guided to the end 2a of 
the insertion portion 2, is spread by the spreading lens 24, and 
is radiated onto the observation target site X. 
0145. In the observation target site X, the fluorescentagent 
contained therein is excited by the excitation light, emitting 
fluorescence, and the white light is reflected at the surface of 
the observation target site X. The fluorescence and the return 
light from the white light are collected by the objective lens 32 
of the insertion portion 2 and are split into different wave 
lengths by the dichroic mirror 34. 
0146. At the dichroic mirror 34, the light of the excitation 
wavelength or higher, in other words, the excitation light, and 
fluorescence are reflected, and the white light having a shorter 
wavelength than the excitation wavelength is transmitted. 
0147 The excitation light among the excitation light and 
fluorescence reflected at the dichroic mirror 34 is removed by 
the excitation-light cut filter 36, and only the fluorescence is 
focused by the focusing lens 38. The fluorescence is captured 
by the fluorescence-imaging unit 42 and is obtained as the 
fluorescence image information. 
0.148. In addition, the white light transmitted through the 
dichroic mirror 34 is focused by the focusing lens 38, is 
captured by the white-light-imaging unit 44, and is obtained 
as the reference image information. 
0149 Either fluorescence image information or the refer 
ence image information can be obtained before the other, or 
both can be obtained simultaneously. 
0150. The fluorescence image information obtained by the 
fluorescence-imaging unit 42 and the reference image infor 
mation obtained by the white-light-imaging unit 44 are indi 
vidually input to the image processing unit 50 and Subjected 
to image processing. The image processing in the image 
processing unit 50 will be described below with reference to 
a flowchart in FIG. 8. 
0151. In the image processing unit 50, the fluorescence 
image information is input to the fluorescence-image gener 
ating unit 52, where a two-dimensional fluorescence image is 
generated. In this case, the exposure time of the fluorescence 
imaging unit 42 is set by the fluorescence exposure-time 
adjusting portion 54 on the basis of the luminance value of the 
fluorescence image generated by the fluorescence-image gen 
erating unit 52 (step SF1). By doing so, a fluorescence image 
having suitable brightness is obtained by the fluorescence 
image generating unit 52 regardless of the luminance of the 
fluorescence emitted from the observation target site X (step 
SF2). 
0152 Similarly, the reference image information is input 
to the reference-image generating unit 56, where a two-di 
mensional reference image is generated. In this case, the 
exposure time of the white-light-imaging unit 44 is adjusted 
by the white-light exposure-time adjusting unit 58 on the 
basis of the luminance value of the reference image generated 
by the reference-image generating unit 56 (step SR1). By 
doing so, a reference image having Suitable brightness is 
obtained by the reference-image generating unit 56 regard 
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less of the luminance of the white light returned from the 
observation target site X (step SR2). 
0153. The fluorescence image generated by the fluores 
cence-image generating unit 52 and the reference image gen 
erated by the reference-image generating unit 56 are individu 
ally sent to the image-correction unit 60. 
0154) In the image-correction unit 60, first, the fluores 
cence-image normalization portion 62 divides the luminance 
value of the fluorescence image by the exposure time of the 
fluorescence-imaging unit 42 (step SF3). By doing so, the 
differences in the exposure time in the fluorescence image are 
normalized, and the fluorescence image is standardized at 
luminance value per unit time. In addition, the reference 
image normalization portion 66 divides the luminance value 
of the reference image by the exposure time of the white 
light-imaging unit 44 (step SR3). By doing so, the differences 
in the exposure time in the reference image are normalized, 
and the reference image is standardized at luminance value 
per unit time. 
0155 The fluorescence image whose luminance has been 
normalized by the fluorescence-image normalization portion 
62 is sent to the fluorescence-image preprocessing section 64. 
and the reference image whose luminance has been normal 
ized by the reference-image normalization portion 66 is sent 
to the reference-image preprocessing section 68. 
0156 Next, in the fluorescence-image preprocessing sec 
tion 64, in accordance with the above-mentioned correction 
arithmetic expression (1), the luminance value of each pixel 
in the fluorescence image is raised to the power of the recip 
rocal 1/O. of the first exponent C. (step SF4). By doing so, 
information related to the power of the distance is cancelled, 
and a correction fluorescence image in which the luminance 
is proportional to the variation of the distance is obtained. In 
addition, in the reference-image preprocessing section 68, in 
accordance with the above-mentioned correction arithmetic 
expression (2), the luminance value of each pixel in the ref 
erence image is raised to the power of the reciprocal 1/B of the 
second exponent B (step SR4). By doing so, information 
related to the power of the distance is cancelled, and a cor 
rection reference image in which the luminance is propor 
tional to the variation of the distance is obtained. 

0157. The correction fluorescence image and the correc 
tion reference image are individually sent to the division 
processing unit 72, where the correction fluorescence image 
is divided by the correction reference image (step SFR5). 
Since the correction fluorescence image and the correction 
reference image are related to each other Such that the lumi 
nance is proportional to the variations of the distances by 
performing the above-mentioned power arithmetic process 
ing, as shown in FIG.9A, by dividing the correction fluores 
cence image by the correction reference image, it is possible 
to obtain a corrected fluorescence image K having quantita 
tiveness, in which the dependencies on distance are cancelled, 
and the correction is achieved with a high accuracy. 
0158. The corrected fluorescence image K and the correc 
tion reference image obtained in the division processing unit 
72 are sent to the image-combining unit 74. In the image 
combining unit 74, the corrected fluorescence image K and 
the reference image S are combined and displayed on the 
monitor 4 simultaneously, and on the basis of the concentra 
tion conversion table 87, the fluorescence concentration in a 
specific region is displayed on the monitor 4. 
0159. As described above, according to the fluoroscopy 
apparatus 101 and fluorescence-image processing method of 
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this embodiment, by Subjecting the fluorescence image to the 
correction processing after processing the information related 
to the power of the distance contained in the fluorescence 
image and the reference image, it is possible to perform 
observation by obtaining the corrected fluorescence image K 
having high quantitativeness, in which the dependencies on 
distance of the fluorescence image and the reference image 
are cancelled. By doing so, it is possible to diagnose a lesion 
accurately from the luminance values of the corrected fluo 
rescence image K. 
0160. As a reference example, the relationship between 
the luminance value of the fluorescence image and the obser 
vation distance Dn when the fluorescence image is divided by 
the reference image without performing power arithmetic 
processing is shown in FIG. 9B. Since each of the fluores 
cence image and the reference image that is not subjected to 
power arithmetic processing contains the information related 
to the power of the distance, the dependencies on the distance 
cannot be completely cancelled by a simple division of the 
fluorescence image by the reference image, and the influence 
of distance remains in the divided fluorescence image. FIG. 
10 shows the relationship between the observation distance 
Dn and the deviations from the average values of the lumi 
nance values of the fluorescence image with/without the 
power computation. In FIG. 10, the vertical axis indicates the 
deviation (%) from the average value of the luminance value 
and the horizontal axis indicates the observation distance Dn. 

0.161. In addition, in this embodiment, although a correc 
tion factor for the fluorescence-image preprocessing section 
64 is illustrated as X=1/O. and a correction factor for the 
reference-image preprocessing section 68 is illustrated as 
y=1/B, correction factors obtained by respectively multiply 
ing X and y by a constant k may be used. Similar effects can 
also be achieved in this case. 

0162. In addition, if C. or B is chosen for the value of the 
constant k, it is possible to make the correction factor of either 
the fluorescence-image preprocessing section 64 or the ref 
erence-image preprocessing section 68 equal to unity, thereby 
reducing the amount of calculation. 
(0163 
0164. For example, as a first modification, as shown in 
FIG. 11, the configuration may include the fluoroscopy appa 
ratus 100 only and may omit the calibration device. In such a 
case, the preset correction factor X is stored in the fluores 
cence-image preprocessing section 64, and a preset correc 
tion factory is stored in the reference-image preprocessing 
section 66. 

0.165. In a second modification, for example, as shown in 
a flowchart in FIG. 12, in the image-correction unit 60, a 
postprocessing section (not shown) may be provided between 
the division processing unit 72 and the image-combining unit 
74, and the postprocessing section may further raise the lumi 
nance value of each pixel in the corrected fluorescence image 
Kobtained by the division processing unit 72 to the power of 
the first exponent C. (step SFR6). By doing so, as shown in 
FIG. 13, it is possible to reduce the dependency on the dis 
tance by using the postprocessing section while maintaining 
the proportional relationship between the luminance value of 
the corrected fluorescence image K and the amount of fluo 
rescent agent present (i.e., the concentration of fluorescent 
agent). As a reference example, FIG. 14 shows the relation 
ship between the luminance value of the corrected fluores 
cence image K and the concentration of fluorescent agent 

This embodiment can be modified as follows. 
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when the luminance value is not raised to the power of the first 
exponent C. by the postprocessing section. 
0166 In this embodiment, although the image-correction 
unit 60 is provided with the fluorescence-image preprocess 
ing section 64, in a third modification, for example, the fluo 
rescence-image preprocessing section 64 may be omitted, 
and the reference-image preprocessing section 68 may obtain 
the correction reference image by raising the luminance value 
of the reference image to the power of a third exponent C/B (or 
-C/B) that is obtained by dividing the first exponent C. by the 
second exponent B. 
0167. In this case, as shown in a flowchart in FIG. 15, the 
fluorescence image normalized by the fluorescence-image 
normalization portion 62 may be sent to the division process 
ing unit 72, and the power computation as described below 
may be performed by the reference-image preprocessing sec 
tion 68 (step SR4'): 

RLe BXRL before (3) 

(0168 Here, RL is a luminance value of the correction 
reference image, RL is a luminance value of the refer 
ence image, Z is a third exponent (C/B or -C/B), C. is a first 
exponent, B is a second exponent, and B is a constant. 
0169. By doing so, in the image-correction unit 60, it is 
Sufficient to perform the power computation only once to 
correct the influence of the distance with high precision, and 
it is possible to obtain the corrected fluorescence image Kin 
which the luminance value and the amount of the fluorescent 
agent present are in a directly proportional relationship. 
(0170. In this embodiment, although the image-correction 
unit 60 is provided with the reference-image preprocessing 
section 66, in a fourth modification, for example, the refer 
ence-image preprocessing section 66 may be omitted, and the 
fluorescence-image preprocessing section 64 may obtain the 
correction fluorescence image by raising the luminance value 
of the fluorescence image to the power of a fourth exponent 
B/C. (or -3/C.) that is obtained by dividing the second expo 
nent B by the first exponent C., that is, the reciprocal of the 
third exponent C/B (or -C/B). 
0171 In this case, the reference image normalized by the 
reference-image normalization portion 66 may be sent to the 
division processing unit 72, and the power computation as 
described below may be performed by the fluorescence-im 
age preprocessing section 64: 

FLie-AXFbefore (4) 

(0172. Here, FL, is a luminance value of the correction 
fluorescence image, FL, is a luminance value of the fluo 
rescence image, Z is a fourth exponent B/C. (or -37C). C. is a 
first exponent, B is a second exponent, and A is a constant. 
0173 By doing so, in the image-correction unit 60, it is 
Sufficient to perform the power computation only once to 
correct the influence of the distance with high precision. 
0.174. In the third modification, although the reference 
image preprocessing section 68 obtains the correction refer 
ence image by raising the luminance value of the reference 
image to the power of the third exponent C/B (or -C/B), 
serving as the correction factor Z, in a fifth modification, 
instead of the correction factor Z, the correction factor (sec 
ond correction factor)a, which is defined in the following 
method may be used in a dependency-constant determining 
unit (correction-factor calculating unit) (not shown). 
0175. As shown in FIG. 16, when two identical standard 
specimens 81 are positioned at different observation dis 
tances D0 and D1 within the range of the field of view of the 
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fluorescence-imaging unit 42 and the white-light-imaging 
unit 44 and observed simultaneously, the correction factora is 
set such that the luminance value obtained from the region of 
interest 85 of the corrected fluorescence image positioned at 
the observation distance D0 substantially matches the lumi 
nance value obtained from the region of interest 85 of the 
corrected fluorescence image positioned at the observation 
distance D1. 

0176 Specifically, the correction factor a that is obtained 
in the following arithmetic expression is calculated, in other 
words, the correction factora is calculated such that the ratio 
of the fluorescence image to the correction reference image in 
which the luminance value of the reference image of the 
standard specimen 81 positioned at the observation distance 
D0 is raised to the power of the correction factor a substan 
tially matches the ratio of the fluorescence image to the cor 
rection reference image in which the luminance value of the 
reference image of the standard specimen 81 positioned at the 
observation distance D1 is raised to the power of the correc 
tion factor a: 

FL(DO)/RL(DO)=FL(D1)/RL(D1) (5) 

a=log(FL(D1)/FL(DO))/log(RL(D1)/RL(DO)) (6) 

(0177. Here, FL(D0) is a luminance value of the fluores 
cence image at the observation distance D0, RL(D0) is a 
luminance value of the reference image at the observation 
distance D0, FL(D1) is aluminance value of the fluorescence 
image at the observation distance D1, and RL(D1) is a lumi 
nance value of the reference image at the observation distance 
D1. 

0.178 The reference-image preprocessing section 68 
obtains the correction reference image of the observation 
target site X in a body cavity of a living body in accordance 
with the following arithmetic expression and sends it to the 
division processing unit 72: 

RLeBXRL before (7) 

0179 According to expressions (5) and (6), the correction 
factor a is calculated Such that the luminance values at two 
locations at different observation distances (D0 and D1) in the 
corrected fluorescence image K match each other. On the 
other hand, as shown in FIGS. 17(A) and 17(B), although the 
distance dependencies of the luminance value of the fluores 
cence image and of the luminance value of the reference 
image differ in the exponent, that is, the power of the distance, 
both are in a Substantially inversely proportional relationship 
with respect to the power of the distance. Therefore, the 
values of the correction factor a decided at two locations that 
differ in the observation distances become close to the third 
exponent C/B, and it is possible to reduce the difference in the 
distance dependencies even when correction using the cor 
rection factora is performed on an image with an observation 
distance other than the observation distances D0 and D1. 

0180. If the observation distances D0 and D1 are close to 
each other, because the differences between the luminance 
values of the fluorescence images and the luminance values of 
the reference images at respective distances are Small and 
errors tend to occur, it is preferred that the difference between 
the values of the observation distances D0 and D1 be as large 
as possible. 
0181. It is not required to obtain a plurality of images by 
changing the observation distance Dn to obtain exponents 
from power approximations, and even when the observation 
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distances D0 and D1 are unknown, it is possible to calculate 
a correction factora and to set the correction factor a easily. 
0182. In the fourth modification, although the fluores 
cence-image preprocessing section 64 obtains the correction 
fluorescence image by raising the luminance value of the 
fluorescence image to the power of the reciprocal of the third 
exponent B/C. (or-B/C), in a sixth modification, the correction 
may be performed using the reciprocal (first correction fac 
tor) 1/a of the correction factor a calculated in the fifth modi 
fication. 

Specifically: 

0183) 
FLane. AxFL." (8) 

0184 With this configuration, effects similar to those in 
the fifth modification can be achieved. 
0185. In the fourth modification, although the correction 
factor a is set as a correction value for the reference-image 
preprocessing section 64, Such that the luminance values of 
the corrected fluorescence image in two identical standard 
specimens 81 at different observation distances Dn substan 
tially match, in a seventh modification, correction factors 
(first correction factor and second correction factor) b and c 
obtained in accordance with the following arithmetic expres 
sions may be set as the correction factors for the fluorescence 
image preprocessing section 64 and the reference-image pre 
processing section 68, respectively: 

FL(DO)/RL(DO)=FL(D1)/RL(D1) (9) 

c/b=log(FL(D1)/FL(DO))/log(RL(D1)/RL(DO)) (10). 

0186. In expression (10), although the ratio of band c can 
be derived, numerical values cannot be decided. Thus, the 
value of c can be decided in accordance with expression (10) 
by arbitrarily setting the value ofb (for example 2). Instead of 
this, after the value of c is set arbitrarily, the value ofb may be 
decided in accordance with expression (10). 
0187. The decided correction factor b is set in the fluores 
cence-image preprocessing section 64, and the fluorescence 
image preprocessing section 64 performs the following com 
putation: 

FL=AxF.Libefore (11). 

0188 The decided correction factor c is set in the refer 
ence-image preprocessing section 68, and the reference-im 
age preprocessing section 68 performs the following compu 
tation: 

RLane-BxRL before (12). 

0189 The value obtained by dividing the correction factor 
c by the correction factor b is equal to the correction factor a 
calculated in the fourth modification, and it also has a value 
close to that of the third exponent C/B. This modification also 
achieves effects equivalent to those in the fourth modification. 
0190. In the fifth to seventh modifications, although two 
identical standard specimens 81 are positioned at different 
observation distances D0 and D1, and the correction factors a 
are calculated from the luminance values obtained from the 
respective regions of interest 85, in an eighth modification, as 
shown in FIG. 18, the standard specimen 81 may be placed at 
an angle within the ranges of the fields of view of the fluo 
rescence-imaging unit 42 and the white-light-imaging unit 
44, and the correction factors a may be calculated from the 
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luminance values obtained from two regions of interest 85 
located at different observation distances Dn on one standard 
specimen 81. 
(0191 In this case, as in this embodiment, the correction 
factora, and the correction factors b and c may be calculated 
Such that the luminance value obtained in the region of inter 
est 85 in the corrected fluorescence image at the observation 
distance D0 substantially matches the luminance value 
obtained in the region of interest 85 in the corrected fluores 
cence image at the observation distance D1. By doing so, it is 
possible to set the correction factors a, b, and ceasily by using 
only one standard specimen 81. 
0.192 In the fifth modification, although the correction 
factor a is set by the luminance values obtained from two 
regions of interest 85 located at different observation dis 
tances Dn, in a ninth modification, as shown in FIG. 19, the 
correction factor a may be calculated from the luminance 
values of two regions of interest 85 having observation dis 
tances Dn that are close to each other among the luminance 
values obtained from three or more regions of interest 85 in 
the standard specimen 81 placed at an angle within the ranges 
of the fields of view of the fluorescence-imaging unit 42 and 
the white-light-imaging unit 44. 
0193 For example, a correction factor a01 in which the 
luminance value obtained from the region of interest 85 at the 
observation distance D0 substantially matches the luminance 
value obtained from the region of interest 85 at the observa 
tion distance D1 and a correction factor ao2 in which the 
luminance value obtained from the region of interest 85 at the 
observation distance D1 substantially matches the luminance 
value obtained from the region of interest 85 at the observa 
tion distance D2 may be calculated, and the correction factor 
a may be derived from the average values (a (a(01+a02)/2) of 
each of the correction factors ad1 and ao2. By doing so, it is 
possible to reduce the errors caused in the correction factors 
a on the basis of the luminance values of a plurality of regions 
of interest 85. 

0.194. In a tenth modification, as shown in FIG. 20, with 
the standard specimen 81 placed at an angle within the ranges 
of the fields of view of the fluorescence-imaging unit 42 and 
the white-light-imaging unit 44, a region including a continu 
ous distance change, for example, from the observation dis 
tance D0 to the observation distance D1, may be set as the 
region of interest 85, the correction factor a may be varied 
from 1 in increments of 0.05 to calculate FL/RL" for every 
pixel in the region of interest 85, and, as shown in FIG. 21, the 
standard deviation o of FL/RL in the region of interest 85 for 
every correction factor a may be calculated, and thereby, the 
correction factor a that yields the smallest standard deviation 
O may be set. By doing so, the errors caused in the correction 
factor a can be reduced. 

Second Embodiment 

0.195 Next, a fluoroscopy apparatus and fluorescence-im 
age processing method according to a second embodiment of 
the present invention will be described. 
0196. The fluoroscopy apparatus 200 according to this 
embodiment differs from the first embodiment in that, as 
shown in FIG. 22, the image processing unit 250 is provided 
with, instead of the fluorescence exposure-time adjusting por 
tion 54, a fluorescence-gain-value adjusting portion (image 
acquisition condition adjusting portion) 254 that adjusts a 
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gain value (image acquisition condition, gain factor) that 
amplifies the fluorescence image information acquired by the 
fluorescence-imaging unit 42. 
0197) In the following, parts having the same configura 
tion as those in the fluoroscopy apparatuses 100 and 101 
according to the first embodiment will be assigned the same 
reference signs, and a description thereof will be omitted. 
0198 The fluorescence-gain-value adjusting portion 254 
adjusts the gain value of the fluorescence-imaging unit 42 on 
the basis of the luminance value of the fluorescence image 
generated by the fluorescence-image generating unit 52. 
0199 The gain value of the fluorescence-imaging unit 42 
that is set by the fluorescence-gain-value adjusting portion 
254 is input to the fluorescence-image normalization portion 
62. In addition, the fluorescence-image normalization portion 
62 is provided with a gain-factor conversion table 287, like 
that shown in FIG. 23, in which gain values and gain multi 
plication factors are associated with each other. 
0200. With the thus-configured fluoroscopy apparatus 
200, as shown in a flowchart in FIG. 24, the gain value of the 
fluorescence-imaging unit 42 is set by the fluorescence-gain 
value adjusting portion 254 on the basis of the luminance 
value of the fluorescence image generated by the fluores 
cence-image generating unit 52 (step SG1). By doing so, a 
fluorescence image having Suitable brightness is obtained by 
the fluorescence-image generating unit 52 regardless of the 
incident light intensity of the fluorescence generated at the 
observation target site X (step SG2). 
0201 In the fluorescence-image normalization portion 62, 
the luminance value of the fluorescence image read out from 
the fluorescence-image generating unit 52 is divided by the 
gain multiplication factor that corresponds to the gain value at 
the time of acquisition of the fluorescence image by the fluo 
rescence-imaging unit 42 (step SG3). By doing so, the influ 
ence of the gain value in the fluorescence image is normal 
ized, and the fluorescence image can be standardized at a 
certain luminance value per multiplication value. 

Third Embodiment 

0202 Next, a fluoroscopy apparatus and a fluorescence 
image processing method according to a third embodiment of 
the present invention will be described. 
0203 The fluoroscopy apparatus 300 according to this 
embodiment differs from the first embodiment in that, as 
shown in FIG.25, the light source 310 is further provided with 
a semiconductor laser 312, and the image processing unit 350 
is provided with, instead of the fluorescence exposure-time 
adjusting portion 54 and the white-light exposure-time 
adjusting unit 58, an excitation-light adjusting portion (im 
age-acquisition condition adjusting portion) 354 that adjusts 
the light-adjustment level of the excitation light emitted from 
the illumination unit 20 and a white-light adjusting portion 
(image-acquisition condition adjusting portion) 358 that 
adjusts the light-adjustment level of the illumination light. 
0204. In the following, parts having the same configura 
tion as those in the fluoroscopy apparatuses 100 and 101 
according to the first embodiment will be assigned the same 
reference signs, and a description thereof will be omitted. 
0205 The light source 310 is provided with the xenon 
lamp 12, a xenon lamp controller 13, an infrared-cut filter 314 
that blocks infrared light in the illumination light and trans 
mits only the white light emitted from the xenon lamp 12, the 
semiconductor laser 312 that emits the excitation light in the 
wavelength band of 740 nm, a semiconductor laser controller 
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313, and a light source dichroic mirror 315 that transmits the 
white light transmitted through the infrared-cut filter 314 and 
that reflects the excitation light emitted from the semiconduc 
tor laser 312, thereby guiding the white light and the excita 
tion light into the same optical path. The infrared-cut filter 
314 transmits only, for example, the white light in the wave 
length band between 400 and 680 nm. Reference sign 316A is 
a first coupling lens that focuses the white light transmitted 
through the infrared-cut filter 314, and reference sign 316B is 
a second coupling lens that focuses the white light and the 
excitation light that are guided into the same optical path by 
the light-source dichroic mirror 315. 
0206. The excitation-light adjusting portion 354 adjusts 
the light-adjustment level of the semiconductor laser 312 with 
the semiconductor laser controller 313 on the basis of the 
luminance value of the fluorescence image generated by the 
fluorescence-image generating unit 52. 
0207 Similarly, the white-light adjusting portion 358 
adjusts the light-adjustment level of the xenon lamp 12 with 
the xenon lamp controller 13 on the basis of the luminance 
value of the reference image generated by the reference 
image generating unit 56. 
0208. The light-adjustment level of the semiconductor 
laser controller 313 that is set by the excitation-light adjusting 
portion 354 is input to the fluorescence-image normalization 
portion 62. The fluorescence-image normalization portion 62 
is provided with an excitation-light intensity conversion table 
387, like that shown in FIG. 26, in which the light-adjustment 
level and the excitation-light intensity are associated with 
each other. 
0209 Similarly, the light-adjustment level of the xenon 
lamp controller 13 that is set by the white-light adjusting 
portion 358 is input to the reference-image normalization 
portion 66. The reference-image normalization portion 66 is 
provided with a white-light intensity conversion table (not 
shown) in which the light-adjustment level and the white 
light intensity (illumination light intensity) are associated 
with each other. The excitation-light intensity and the white 
light intensity may be decided by respective intensity ratios 
based on the minimum values. 
0210. With the thus-configured fluoroscopy apparatus 
300, the white light emitted from the xenon lamp 12, trans 
mitted through the infrared-cut filter 314, and focused by the 
first coupling lens 316A is transmitted through the light 
source dichroic mirror 315, and the excitation light emitted 
from the semiconductor laser 312 is reflected at the light 
source dichroic mirror 315, and both the white light and the 
excitation light are guided along the same optical path and are 
focused by a second coupling lens 316Bso as to enter the light 
guide fiber 22. 
0211. In the image-correction unit 60, as shown in a flow 
chart in FIG. 27, the light-adjustment level of the semicon 
ductor laser controller 313 is set by the excitation-light adjust 
ing portion 354 on the basis of the luminance value of the 
fluorescence image generated by the fluorescence-image gen 
erating unit 52 (step SL1). By doing so, in the fluorescence 
image generating unit 52, a fluorescence image having Suit 
able brightness is obtained by varying the intensity of the 
fluorescence generated at the observation target site X (step 
SL2). 
0212. Similarly, the light-adjustment level of the xenon 
lamp controller 13 is set by the white-light adjusting portion 
358 on the basis of the luminance value of the reference image 
generated by the reference-image generating unit 56 (step 
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SM1). By doing so, in the reference-image generating unit 56. 
a reference image having Suitable brightness is obtained by 
varying the intensity of the white light returning from the 
observation target site X (step SM2). 
0213. Then, the fluorescence-image normalization por 
tion 62 performs division of the luminance value of the fluo 
rescence image read out from the fluorescence-image gener 
ating unit 52 by the excitation-light intensity corresponding 
to the light-adjustment level of the semiconductor laser con 
troller 313 (step SL3). By doing so, the influence of the 
light-adjustment level of the excitation light is normalized, 
and the fluorescence image can be standardized at a certain 
luminance value per unit of excitation-light intensity. 
0214. In addition, the reference-image normalization por 
tion 66 divides the luminance value of the reference image 
read out from the reference-image generating unit 56 by the 
white-light intensity corresponding to the light-adjustment 
level of thexenon lamp controller 13 (step SM3). By doing so, 
the influence of the light-adjustment level of the illumination 
light is normalized, and the reference image can be standard 
ized at a certain luminance value per unit of white-light inten 
S1ty. 
0215. Although the embodiments of the present invention 
have been described above with reference to the drawings, the 
specific configurations are not limited to these embodiments, 
and design alterations and the like within a range that does not 
depart from the spirit of the present invention are encom 
passed. For example, the present invention is not limited to 
aspects that are employed in the above-described embodi 
ments and modifications thereof; without particular limita 
tion, it may also be applied to embodiments formed by appro 
priately combining these embodiments and modifications 
thereof. 
0216. In addition, each of the above-mentioned embodi 
ments has been described in terms of examples where near 
infrared fluorescence and white light are used. However, the 
present invention is not limited thereto and, for example, 
fluorescence having visible wavelengths may be used in place 
of the near-infrared fluorescence, or excitation light having 
visible wavelengths may be used in place of the white light. In 
addition, for example, in the fluorescence-image preprocess 
ing section 64 and the reference-image preprocessing section 
68, the power computation may be performed after noise 
components in the fluorescence-imaging unit 42 and the 
white-light-imaging unit 44 have been Subtracted. By doing 
So, the precision of the power computation can be improved. 

REFERENCE SIGNS LIST 

0217 10,310 light source 
0218 20 illumination unit (illumination portion) 
0219 42 fluorescence-imaging unit 
0220 44 white-light-imaging unit (return-light imaging 
unit) 

0221 54 fluorescence exposure-time adjusting portion 
(image-acquisition condition adjusting portion) 

0222 58 white-light exposure-time adjusting unit (image 
acquisition condition adjusting portion) 

0223 60, 460 image-correction unit 
0224 92 translation stage (observation-state setting 
mechanism) 

0225 98 dependency-constant determining unit (expo 
nent calculating unit, correction-factor calculating unit) 

0226 100, 101, 200, 300, 400 fluoroscopy apparatus 
0227 102 calibration device 
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0228. 150 fluoroscopy system 
0229 254 fluorescence-gain-value adjusting portion (im 
age-acquisition condition adjusting portion) 

0230 354 excitation-light adjusting portion (image-ac 
quisition condition adjusting portion) 

0231. 358 white-light adjusting portion (image-acquisi 
tion condition adjusting portion) 
What is claimed is: 
1. A fluoroscopy apparatus comprising: 
an illumination portion having a light Source that radiates 

illumination light and excitation light onto a Subject; 
a fluorescence-imaging unit that acquires a fluorescence 

image by imaging fluorescence generated at the Subject 
by the radiation of the excitation light from the illumi 
nation portion; 

a return-light imaging unit that acquires a reference image 
by imaging return light returning from the Subject by the 
radiation of the illumination light from the illumination 
portion; and 

an image-correction unit that corrects the fluorescence 
image acquired by the fluorescence-imaging unit by 
using the reference image acquired by the return-light 
imaging unit, 

wherein the image-correction unit obtains the correction 
reference image by raising a luminance value of the 
reference image to the power of the second correction 
factor that is obtained such that ratios of aluminance of 
the fluorescence image to a luminance of the reference 
image, in which the luminance value of the reference 
image has been raised to the power of a second correc 
tion factor, match each other at a plurality of different 
distances, and obtains a corrected fluorescence image by 
dividing the fluorescence image by the correction refer 
ence image. 

2. A fluoroscopy apparatus according to claim 1, further 
comprising an image-acquisition condition adjusting portion 
that adjusts an image acquisition condition on the basis of the 
luminance value of the fluorescence image acquired by the 
fluorescence-imaging unit, 

wherein the image-correction unit normalizes the lumi 
nance of the fluorescence image by the image acquisi 
tion condition. 

3. A fluoroscopy apparatus according to claim 2, wherein 
the image-acquisition condition adjusting portion adjusts an 
exposure time of the fluorescence-imaging unit, and 

the image-correction unit divides the luminance value of 
the fluorescence image by the exposure time. 

4. A fluoroscopy apparatus according to claim 2, wherein 
the image-acquisition condition adjusting portion adjusts a 
gain factor of the fluorescence-imaging unit, and 

the image-correction unit divides the luminance value of 
the fluorescence image by the gain factor. 

5. A fluoroscopy apparatus according to claim 2, wherein 
the image-acquisition condition adjusting portion adjusts 
excitation-light intensity from the illumination portion, and 

the image-correction unit divides the luminance value of 
the fluorescence image by the excitation-light intensity. 

6. A fluoroscopy apparatus according to claim 1, further 
comprising an image-acquisition condition adjusting portion 
that adjusts the image acquisition condition on the basis of the 
luminance value of the reference image acquired by the 
return-light imaging unit, 
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wherein the image-correction unit normalizes the lumi 
nance of the reference image by the image acquisition 
condition. 

7. A fluoroscopy apparatus according to claim 6, wherein 
the image-acquisition condition adjusting portion adjusts an 
exposure time of the return-light imaging unit, and 

the image-correction unit divides the luminance value of 
the reference image by the exposure time. 

8. A fluoroscopy apparatus according to claim 6, wherein 
the image-acquisition condition adjusting portion adjusts a 
gain factor of the return-light imaging unit, and 

the image-correction unit divides the luminance value of 
the reference image by the gain factor. 

9. A fluoroscopy apparatus according to claim 6, wherein 
the image-acquisition condition adjusting portion adjusts 
illumination light intensity from the illumination portion, and 

the image-correction unit divides the luminance value of 
the reference image by the illumination light intensity. 
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10. A fluoroscopy system comprising a fluoroscopy appa 
ratus according to claim 1 and a calibration device that cali 
brates the fluoroscopy apparatus, 

wherein the calibration device is provided with a standard 
specimen and an observation-state setting mechanism 
that changeably sets an observation distance of the fluo 
roscopy apparatus relative to the standard specimen, and 

wherein the fluoroscopy apparatus or the calibration device 
is provided with a correction-factor calculating unit that 
calculates the first correction factor and the second cor 
rection factor on the basis of the observation distance set 
by the observation-state setting mechanism and the fluo 
rescence image and the reference image acquired by 
imaging the standard specimen with the fluoroscopy 
apparatus. 


