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FIG. 2
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FIG. 3

INTENSITY

300 360 420 480 540 600
WAVELENGTH (nm)



Patent Application Publication Jun. 9,2016 Sheet 4 of 24 US 2016/0157763 Al

FIG. 4
INTENSITY ,  EX 34
1ﬁ - - =4
Do / ‘\
| | ’I \\
|| ,/ \
| | / ‘
] ! \\NFL
i / \.
I N
A AN
0 | | | ] ] ] | ] ] ! ]

300 360 420 480 540 600
WAVELENGTH (hm)



US 2016/0157763 A1

Jun. 9,2016 Sheet 5 of 24

Patent Application Publication

| ] |
Qv |3LVINWNOOY| avay |3LvInwnoov| avay |3Lvinwnooy
o 2 g
B | L N
| gavedaN0e | awve4aN0 | 3wvddano !
(JNVYd QHIHL) (3WvY4 ANOD3S) EIEENESYE)
¢ Ol

1HOIT
NOLLVNINNTTI

dOSN3S
JOVNII

TVYNDIS
JOVINI



US 2016/0157763 A1

Jun. 9,2016 Sheet 6 of 24

Patent Application Publication

(Wu gly)

LHOM
(WU opE) ONVEMOMYYN  LHOT
LHOM NOILY.LIOX3 d 2 ang  NOLLYNIANTII
1
ION30STHONT
Qv [3LVINWN0OY| avay |31vInwnoov| avay |3LvInwnooy| avay |3Lyinwnoov m%%@,__\m_m
Ny « « n TVNDIS
S _ Y _ 9 _ g _ IOVNI
IVE4ING | JAVE4INO | awvadano | awvedano |

(INVY4 HLYNO4) (INVH] QHIHL) (INvH4 ANOD3S) (INVH4 LSHH)

9 "o



Patent Application Publication Jun. 9,2016 Sheet 7 of 24 US 2016/0157763 Al

FIG. 7
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FIG. 8
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FIG. 15
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FLUORESCENCE OBSERVATION DEVICE,
ENDOSCOPIC SYSTEM, PROCESSOR
DEVICE, AND OPERATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2014/066132 filed on Jun. 18,
2014, which claims priority under 35 U.S.C §119(a) to Japa-
nese Patent Application No. 2013-202548 filed on Sep. 27,
2013. Each of the above application(s) is hereby expressly
incorporated by reference, in its entirety, into the present
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a fluorescence
observation device for observing a subject using fluores-
cence, an endoscopic system, a processor device, and an
operation method.

[0004] 2. Description of the Related Art

[0005] In the medical field, a fluorescence observation
device that includes an excitation light source that irradiates a
subject with excitation light for emitting fluorescence by
exciting an auto-fluorescent material contained in the subject
or a fluorescent agent administered to the subject, an image
sensor that images the subject with the fluorescence emitted
from the auto-fluorescent material or the fluorescent agent,
and an image processing device that generates a fluorescent
image, which reflects the intensity distribution of the fluores-
cence emitted from the subject, based on an image signal by
the fluorescence output from the image sensor (hereinafter,
referred to as a fluorescent image signal) is known. Since the
intensity of the fluorescence emitted from the auto-fluores-
cent material or the fluorescent agent is closely related to the
medical condition of the subject, the therapeutic effect of
drugs, and the like, the fluorescence observation device is
used for, for example, pathological diagnosis or drug devel-
opment. In addition, in order to perform real-time diagnosis
based on a fluorescent image, an endoscopic system config-
ured to include a light source device, an endoscope, a proces-
sor device, and the like may have the configuration of the
fluorescence observation device (W(02011/099425A and
WO02013/035450A).

[0006] In recent years, diagnosis using the oxygen satura-
tion of blood hemoglobin has been performed. The oxygen
saturation of blood hemoglobin is calculated based on the
reflection intensity, for example, by irradiating the subject
with light (hereinafter, referred to as signal light) in a wave-
length band where the absorption coefficients of oxygenated
hemoglobin and reduced hemoglobin are different (JP2012-
213550A).

SUMMARY OF THE INVENTION

[0007] Although there is a certain correlation between the
fluorescence emitted from an auto-fluorescent material or a
fluorescent agent and a medical condition and the like, the
emission intensity changes with a subject. That is, the emis-
sion intensity of the fluorescence is greatly affected by indi-
vidual differences of the subject. Accordingly, in case of
fluorescence observation, there is a problem that quantitative
diagnosis is difficult. For example, in WO2013/035450A, a
region where there is a lesion or the like (hereinafter, referred
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to as a region of interest) is extracted based on the fluores-
cence intensity, but the region of interest may not be able to be
specified correctly since there is an individual difference in
the fluorescence intensity.

[0008] In WO2011/099425A, in order to eliminate the
influence of such individual differences, standard data indi-
cating the correspondence relationship between the fluores-
cence intensity and the medical condition of the subject is
prepared in advance, and the medical condition of the subject
is determined by comparison with the standard data. Thus, if
the standard data is used, the accuracy of the designation of a
region of interest or diagnosis may be improved in a subject
with a relatively small difference from the standard data.
However, in a subject with a relatively large difference from
the standard data, it is not possible to eliminate the influence
of the individual differences. Accordingly, a possibility of
false diagnosis is high. That is, in the comparison with the
standard data, it is not possible to eliminate the influence of
the individual differences of the subject on the diagnosis.

[0009] Itis an object of the present invention to provide a
fluorescence observation device, an endoscopic system, a
processor device, and an operation method capable of per-
forming quantitative diagnosis or the like regardless of indi-
vidual differences of the subject.

[0010] A fluorescence observation device of the present
invention includes a signal light source, an excitation light
source, an image sensor, an oxygen saturation calculation
unit, a reference region setting unit, a region-of-interest set-
ting unit, anormalized fluorescence intensity calculation unit,
and a fluorescent image generation unit. The signal light
source irradiates a subject with signal light having a wave-
length band where an absorption coefficient changes with an
oxygen saturation of blood hemoglobin. The excitation light
source irradiates the subject with excitation light for emitting
fluorescence by exciting a fluorescent material contained in
the subject. The image sensor images the subject with the
signal light and outputs a first image signal, and images the
subject with the fluorescence and outputs a second image
signal. The oxygen saturation calculation unit calculates an
oxygen saturation of the subject for each pixel based on the
first image signal. The reference region setting unit sets a
reference region of the subject based on the oxygen satura-
tion. The region-of-interest setting unit sets a region of inter-
est of the subject. The normalized fluorescence intensity cal-
culation unit calculates a normalized fluorescence intensity
indicating a normalized emission intensity of the fluores-
cence by dividing a region-of-interest fluorescence intensity,
whichis calculated using a pixel value of the region of interest
of the second image signal, by a reference fluorescence inten-
sity calculated using a pixel value of the reference region of
the second image signal. The fluorescent image generation
unit generates a fluorescent image by pseudo-coloring the
region of interest based on the normalized fluorescence inten-
sity.

[0011] The region-of-interest setting unit sets the region of
interest based on the oxygen saturation, for example. The
region-of-interest setting unit may set the region of interest
based on shape information of the subject. In addition, the
reference region setting unit sets, for example, a region where
the oxygen saturation falls within a specific range as the
reference region.
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[0012] Ttis preferable to include a display unit that displays
a plurality of the fluorescent images, which are obtained by
imaging the same subject at two or more different times, in
time series.

[0013] In the case of imaging the same subject at two or
more different times, it is preferable that the normalized fluo-
rescence intensity calculation unit calculates the normalized
fluorescence intensity using the region of interest set at the
time of imaging at a specific time and the reference region set
at the time of each imaging,.

[0014] Another fluorescence observation device of the
present invention includes an illumination light source, an
excitation light source, an image sensor, a reference region
setting unit, a region-of-interest setting unit, a normalized
fluorescence intensity calculation unit, and a fluorescent
image generation unit. The illumination light source irradi-
ates a subject, at least a part of which is colored with a
colorant, with illumination light by which a color due to the
colorant can be identified. The excitation light source irradi-
ates the subject with excitation light for generating fluores-
cence by exciting a fluorescent material contained in the
subject. The image sensor images the subject with the illumi-
nation light and outputs a first image signal, and images the
subject with the fluorescence and outputs a second image
signal. The reference region setting unit sets a reference
region according to a color due to the colorant. The region-
of-interest setting unit sets a region of interest of the subject.
The normalized fluorescence intensity calculation unit calcu-
lates a normalized fluorescence intensity indicating a normal-
ized emission intensity of the fluorescence by dividing a
region-of-interest fluorescence intensity, which is calculated
using a pixel value of the region of interest of the second
image signal, by areference fluorescence intensity calculated
using a pixel value of the reference region of the second image
signal. The fluorescent image generation unit generates a
fluorescent image by pseudo-coloring the region of interest
based on the normalized fluorescence intensity.

[0015] The region-of-interest setting unit sets a region of
interest according to a color due to the colorant. The colorant
is, for example, a pH indicator that changes with pH of the
subject. Inthe case of using the pH indicator as a colorant, the
reference region setting unit sets a region where the pH is
equal to or greater than a specific value as the reference
region.

[0016] In addition, it is possible to use a colorant that con-
tains at least one of indigo carmine, toluidine blue, methylene
blue, Lugol’s solution, crystal violet, fluorescein, acridine
orange, indocyanine green, or acetic acid.

[0017] The image sensor may image the subject with the
fluorescence before the colorant is administered to the subject
and output the second image signal, and image the subject
with the illumination light after the colorant is administered
to the subject and output the first image signal.

[0018] An endoscopic system of the present invention
includes a signal light source, an excitation light source, an
image sensor, an oxygen saturation calculation unit, a refer-
ence region setting unit, a region-of-interest setting unit, a
normalized fluorescence intensity calculation unit, and a
fluorescent image generation unit. The signal light source
irradiates a subject with signal light having a wavelength band
where an absorption coefficient changes with an oxygen satu-
ration of blood hemoglobin. The excitation light source irra-
diates the subject with excitation light for emitting fluores-
cence by exciting a fluorescent material contained in the
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subject. The image sensor images the subject with the signal
light and outputs a first image signal, and images the subject
with the fluorescence and outputs a second image signal. The
oxygen saturation calculation unit calculates an oxygen satu-
ration of the subject for each pixel based on the first image
signal. The reference region setting unit sets a reference
region of the subject based on the oxygen saturation. The
region-of-interest setting unit sets a region of interest of the
subject. The normalized fluorescence intensity calculation
unit calculates anormalized fluorescence intensity indicating
anormalized emission intensity of the fluorescence by divid-
ing a region-of-interest fluorescence intensity, which is cal-
culated using a pixel value of the region of interest of the
second image signal, by a reference fluorescence intensity
calculated using a pixel value of the reference region of the
second image signal. The fluorescent image generation unit
generates a fluorescent image by pseudo-coloring the region
of interest based on the normalized fluorescence intensity.

[0019] A processor device of the present invention is a
processor device of an endoscopic system including a signal
light source, an excitation light source, and an image sensor,
and includes an oxygen saturation calculation unit, a refer-
ence region setting unit, a region-of-interest setting unit, a
normalized fluorescence intensity calculation unit, and a
fluorescent image generation unit. The signal light source
irradiates a subject with signal light having a wavelength band
where an absorption coefficient changes with an oxygen satu-
ration of blood hemoglobin. The excitation light source irra-
diates the subject with excitation light for emitting fluores-
cence by exciting a fluorescent material contained in the
subject. The image sensor images the subject with the signal
light and outputs a first image signal, and images the subject
with the fluorescence and outputs a second image signal. The
oxygen saturation calculation unit calculates an oxygen satu-
ration of the subject for each pixel based on the first image
signal. The reference region setting unit sets a reference
region of the subject based on the oxygen saturation. The
region-of-interest setting unit sets a region of interest of the
subject. The normalized fluorescence intensity calculation
unit calculates anormalized fluorescence intensity indicating
anormalized emission intensity of the fluorescence by divid-
ing a region-of-interest fluorescence intensity, which is cal-
culated using a pixel value of the region of interest of the
second image signal, by a reference fluorescence intensity
calculated using a pixel value of the reference region of the
second image signal. The fluorescent image generation unit
generates a fluorescent image by pseudo-coloring the region
of interest based on the normalized fluorescence intensity.

[0020] An operation method of the present invention is an
operation method of a device including a signal light source,
an excitation light source, and an image sensor, and includes
an oxygen saturation calculation step, a reference region set-
ting step, a region-of-interest setting step, a normalized fluo-
rescence intensity calculation step, and a fluorescent image
generation step. The signal light source irradiates a subject
with signal light having a wavelength band where an absorp-
tion coefficient changes with an oxygen saturation of blood
hemoglobin. The excitation light source irradiates the subject
with excitation light for emitting fluorescence by exciting a
fluorescent material contained in the subject. The image sen-
sor images the subject with the signal light and outputs a first
image signal, and images the subject with the fluorescence
and outputs a second image signal. In the oxygen saturation
calculation step, an oxygen saturation of the subject is calcu-
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lated for each pixel based on the first image signal. In the
reference region setting step, areference region of the subject
is set based on the oxygen saturation. In the region-of-interest
setting step, a region of interest of the subject is set. In the
normalized fluorescence intensity calculation step, a normal-
ized fluorescence intensity indicating a normalized emission
intensity of the fluorescence is calculated by dividing a
region-of-interest fluorescence intensity, which is calculated
using a pixel value of the region of interest of the second
image signal, by areference fluorescence intensity calculated
using a pixel value of the reference region of the second image
signal. In the fluorescent image generation step, a fluorescent
image is generated by pseudo-coloring the region of interest
based on the normalized fluorescence intensity.

[0021] According to the fluorescence observation device,
the endoscopic system, the processor device, and the opera-
tion method of the present invention, it is possible to perform
quantitative diagnosis or the like regardless of individual
differences of the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1is a block diagram of a fluorescence obser-
vation device.

[0023] FIG. 2 is an explanatory diagram showing a rotary
filter.

[0024] FIG. 3 is a graph showing the absorption and emis-

sion spectrums of nicotinamide adenine dinucleotide.
[0025] FIG. 4 is a graph showing excitation light and the
spectrum of an excitation light cut-off filter.

[0026] FIG.5isanexplanatory diagram showing the imag-
ing control in a normal observation mode.

[0027] FIG. 6is anexplanatory diagram showing the imag-
ing control in a special observation mode.

[0028] FIG. 7 is a graph showing the correlation between
the signal ratio and the oxygen saturation.

[0029] FIG. 8isa graph showing the absorption coefficients
of oxygenated hemoglobin and reduced hemoglobin.

[0030] FIG.9is anexplanatory diagram showing a method
of calculating the oxygen saturation.

[0031] FIG. 10 is a flowchart showing the operation of the
fluorescence observation device.

[0032] FIG. 11 is an explanatory diagram showing a refer-
ence region, a region of interest, and a fluorescent image.
[0033] FIG. 12 is a block diagram of a special observation
image processing unit of a second embodiment.

[0034] FIG.13 is ablock diagram showing a special obser-
vation image processing unit in a modification example.
[0035] FIG. 14 is an explanatory diagram showing the
operation in the modification example.

[0036] FIG.15 s ablock diagram showing a special obser-
vation image processing unit in another modification
example.

[0037] FIG. 16 is a block diagram of a special observation
image processing unit of a third embodiment.

[0038] FIG. 17 is an explanatory diagram showing the
monitor display of the third embodiment.

[0039] FIG. 18 is a block diagram in a modification
example.
[0040] FIG. 19 is a block diagram of a fluorescence obser-

vation device of a fourth embodiment.

[0041] FIG. 20 is an explanatory diagram showing a rotary
filter used in the fourth embodiment.

[0042] FIG. 21 is an explanatory diagram showing the
operation in the fourth embodiment.
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[0043] FIG. 22 is an external view of an endoscopic system.
[0044] FIG. 23 is ablock diagram of an endoscopic system
corresponding to the fluorescence observation device of the
first embodiment.

[0045] FIG. 24 is ablock diagram of an endoscopic system
corresponding to the fluorescence observation device of the
fourth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0046] As shown in FIG. 1, a fluorescence observation
device 10 is a device for observing a subject 11 using fluo-
rescence, and includes a light source unit 12, an imaging unit
13, aprocessor unit 14, and a monitor 15. The subject 11 isthe
entire body of a person, a mouse, or the like or a part thereof
(specimens, cells, or the like cut out from an animal), and is
disposed in a dark box 16 for blocking the external light.
[0047] The light source unit 12 includes a broadband light
source 21, a rotary filter 22, and an excitation light source 23.
The broadband light source 21 is, for example, a halogen
lamp, such as a xenon lamp, oran LED, such as a white LED,
and emits white light having a wavelength band ranging from
blue to red. The white light emitted from the broadband light
source 21 is transmitted through the rotary filter 22. Then, the
white light is incident on a light guide (L(G) 26 through optical
members (neither is shown), such as a condensing lens, an
optical fiber, and a multiplexer, is guided into the dark box 16,
and is uniformly emitted to the subject 11 through an illumi-
nation lens 27.

[0048] Therotary filter 22 is provided on the optical path of
the white light that is incident on the light guide 26 from the
broadband light source 21, and rotates in synchronization
with the frame rate of the imaging of an image sensor 34. As
observation modes, the fluorescence observation device 10
has two observation modes of a normal observation mode for
observing the subject 11 in a normal color image and a special
observation mode for observing the subject 11 using a fluo-
rescent image generated based on the emission intensity of
fluorescence. As shown in FIG. 2, the rotary filter 22 includes
a normal observation mode filter 224 and a special observa-
tion mode filter 225 corresponding to the modes.

[0049] Thenormal observation mode filter 22a is provided,
for example, in the inner peripheral portion of the rotary filter
22. The normal observation mode filter 22a includes a blue
color filter (B) having a spectral transmittance of 380 nm to
560 nm, a green color filter (G) having a spectral transmit-
tance of 450 nm to 630 nm, and a red color filter (R) having a
spectral transmittance of 580 nm to 760 nm. Accordingly, in
a case in which the normal observation mode filter 22a is
disposed on the optical path of the white light, light beams of
the respective colors of B, G, and R are sequentially emitted
to the subject 11.

[0050] Forexample, the special observation mode filter 225
is provided in the outer peripheral portion of the rotary filter
22, and includes a narrowband filter that transmits blue nar-
rowband light of 473+10 nm, a green color filter (G) having a
spectral transmittance of 450 nm to 630 nm, a red color filter
(R) having a spectral transmittance of 580 nm to 760 nm, and
alight shielding part that blocks light in the entire wavelength
band. Accordingly, in a case in which the special observation
mode filter 224 is disposed on the optical path of the white
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light, blue narrowband light, G light, and R light are sequen-
tially emitted to the subject 11, and then the white light is
blocked.

[0051] The blue narrowband light has a wavelength band
where the absorption coefficient is changed by the oxygen
saturation of hemoglobin (blood hemoglobin) contained in
the blood of the subject 11, and an image signal obtained by
imaging the subject 11 with reflected light of the blue nar-
rowband light is used for the calculation of the oxygen satu-
ration of the subject 11. Accordingly, the blue narrowband
light is signal light for calculating the oxygen saturation, and
the broadband light source 21 and the rotary filter 22 for
emitting the blue narrowband light to the subject form a signal
light source.

[0052] The excitation light source 23 is a light emitting
diode (LED) for emitting narrowband ultraviolet light of, for
example, 340+10 nm to the subject 11. The ultraviolet light
emitted from the excitation light source 23 is incident on the
light guide (LG) 26 through optical members, such as a con-
densing lens, an optical fiber, and a multiplexer, is guided into
the dark box 16, and is uniformly emitted to the subject 11
through the illumination lens 27. The excitation light source
23 is turned on in synchronization with the timing at which
the white light emitted from the broadband light source 21 is
blocked by the light shielding part of the special observation
mode filter 225, and emits excitation light to the subject 11.

[0053] As shown in FIG. 3, the ultraviolet light emitted
from the excitation light source 23 has a wavelength band
(refer to reference numeral AB) that is absorbed by reduced
nicotinamide adenine dinucleotide (NADH), and approxi-
mately blue-white fluorescence FL having a peak near 460
nm is emitted by exciting the NADH. That is, the ultraviolet
light emitted from the excitation light source 23 is excitation
light for making the fluorescence FL emitted from the NADH.
[0054] Nicotinamide adenine dinucleotide is an electron
carrier that functions as a coenzyme of dehydrogenase, and is
naturally contained in the subject 11. Although the reduced
nicotinamide adenine dinucleotide (NADH) emits autofluo-
rescence by the irradiation of excitation light emitted from the
excitation light source 23 as described above, oxidized nico-
tinamide adenine dinucleotide (NAD™) hardly absorbs the
ultraviolet light emitted from the excitation light source 23.
Therefore, in the fluorescence observation device 10, a tissue
in which the NADH is present in high concentration, for
example, cancer cells, can be observed by the fluorescence
FL.

[0055] The imaging unit 13 includes an imaging lens 31, a
zoom lens 32, an excitation light cut-off filter 33, and the
image sensor 34, and images the subject 11 in the dark box 16.
[0056] Reflected light RL from the subject 11 or the fluo-
rescence FL emitted from the subject 11 is incident on the
image sensor 34 through the imaging lens 31, the zoom lens
32, and the excitation light cut-off filter 33. Accordingly, a
reflected image of the subject 11 or a fluorescent image of the
subject 11 is formed on the image sensor 34. The zoom lens
32 is provided between the tele end and the wide end, and
enlarges or reduces the image of the subject 11 formed on the
image sensor 34.

[0057] As shown in FIG. 4, the excitation light cut-off filter
33 is an optical filter that cuts light in a wavelength band of
400 nm or less and transmits light ina wavelength band of 400
nm or more. That is, the excitation light cut-off filter 33 cuts
reflected light of excitation light EX, which is emitted to the
subject 11 from the excitation light source 23, and transmits
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the fluorescence FL emitted from the NADH. Accordingly, in
the case of emitting the excitation light EX to the subject 11,
an image based on the fluorescence FL. emitted from the
subject 11 is formed on the image sensor 34.

[0058] The excitation light cut-off filter 33 transmits blue
narrowband light (473 nm) and light in the wavelength band
of each of G and R emitted to the subject 11 by the broadband
light source 21 and the rotary filter 22, and almost transmits
light in the wavelength band of B to the extent that there is no
problem in the observation of the subject 11. For this reason,
even if the excitation light cut-off filter 33 is disposed, the
image sensor 34 can image the subject 11 with the reflected
light of each color of B, G, and R or the reflected light of blue
narrowband light.

[0059] The image sensor 34 images the subject 11 by pho-
toelectrically converting the image of the subject 11 in each of
a plurality of pixels, and outputs the image signal to the
processor unit 14. The image sensor 34 is, for example, a
charge coupled device (CCD) image sensor or a complemen-
tary metal-oxide semiconductor (CMOS) image sensor. The
image sensor 34 is a monochrome sensor in which no color
filter is provided.

[0060] One frame period of the image sensor 34 includes an
accumulation period, for which electric charges are accumu-
lated by photoelectrically converting the reflected light from
the subject 11, and a readout period, for which accumulated
electric charges are read to output an image signal. Imaging
by the image sensor 34 is performed in synchronization with
the rotation of the rotary filter 22. As shown in FIG. 5, in the
normal observation mode, light beams of the respective col-
ors of B, G, and R are sequentially emitted to the subject 11
for each one frame period. Therefore, the image sensor 34
images the subject 11 with the reflected light of B and outputs
a B image signal in the first frame, and images the subject 11
with the reflected light of G and outputs a G image signal in
the second frame. Then, the image sensor 34 images the
subject 11 with the reflected light of R and outputs an R image
signal in the third frame.

[0061] Asshown in FIG. 6, in the special observation mode,
blue narrowband light, G, R, and excitation light are sequen-
tially emitted to the subject 11 for each one frame period.
Accordingly, the image sensor 34 images the subject 11 with
the reflected light of blue narrowband light and outputs aB,, 5
image signal in the first frame. In the second and third frames,
the image sensor 34 images the subject 11 with the reflected
light G and R and outputs a G image signal and an R image
signal. In the fourth frame, light from the broadband light
source 21 is blocked, and only the excitation light is emitted
to the subject 11. Accordingly, reflected light of the excitation
light and the fluorescence FL emitted from the subject 11 are
incident on the imaging unit 13. However, since the reflected
light of the excitation light is cut by the excitation light cut-off
filter 33, the image sensor 34 images the subject 11 only with
the fluorescence FL, and outputs a fluorescent image signal S.
[0062] The processor unit 14 includes an image processing
switching unit 51, a normal observation image processing
unit 52, a special observation image processing unit 53, an
image signal generation unit 54, a control unit 55, and an
operation unit 56.

[0063] The processor unit 14 includes a receiving unit (not
shown) that receives an image signal output from the image
sensor 34. The receiving unit is configured to include a digital
signal processor (DSP), a noise removal section, and the like.
The DSP performs digital signal processing, such as color
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correction processing, on the received image signal. The
noise removal section performs noise removal processing
using, for example, a moving average method or a median
filter method, on the image signal obtained by performing
color correction processing or the like in the DSP. The image
signal after removing the noise as described above is input to
the image processing switching unit 51.

[0064] In a case in which the normal observation mode is
set, the image processing switching unit 51 inputs the image
signal to the normal observation image processing unit 52. On
the other hand, in a case in which the special observation
mode is set, the image processing switching unit 51 inputs the
image signal to the special observation image processing unit
53. The setting of the observation mode is performed by the
setting input using the operation unit 56, for example.

[0065] The normal observation image processing unit 52
includes a color conversion section 61, a color enhancement
section 62, and a structure enhancement section 63. The color
conversion section 61 generates RGB image data by assign-
ing each image signal, which is obtained by reflected light of
the light ofeach color of RGB input in a sequential manner, to
R, and B pixels. Then, color conversion processing, such as
3x3 matrix processing, gradation conversion processing, and
three-dimensional LUT processing, is performed on the RGB
image data.

[0066] Thecolor enhancement section 62 performs various
kinds of color enhancement processing on the RGB image
data after the color conversion processing. The structure
enhancement section 63 performs structure enhancement
processing, such as spatial frequency enhancement, on the
RGB image data after the color enhancement processing. The
RGB image data having been subjected to the structure
enhancement processing by the structure enhancement sec-
tion 63 is input to the display image signal generation unit 54
as a normal observation image.

[0067] The special observation image processing unit 53
includes a signal ratio calculation section 71, a correlation
storage section 72, an oxygen saturation calculation section
73, a reference region setting section 74, a region-of-interest
setting section 75, a normalized fluorescence intensity calcu-
lation section 76, a fluorescent image generation section 77,
and a structure enhancement section 78.

[0068] Thesignal ratio calculation section 71 calculates the
signal ratio of image signal used for the calculation of oxygen
saturation. Specifically, the signal ratio calculation section 71
calculates the signal ratio B,,5/G between the B,,; image
signal and the G image signal and the signal ratio R/G
between the R image signal and the G image signal for each
pixel.

[0069] The correlation storage section 72 stores the corre-
lation between the oxygen saturation and the signal ratios
B,,5/G and R/G calculated by the signal ratio calculation
section 71. For example, as shown in FIG. 7, the correlation
storage section 72 stores the correlation between the signal
ratios B,,5/G and R/G and the oxygen saturation in the form
of a two-dimensional table that defines the correlation in
isolines on the two-dimensional space. The position and
shape of each isoline are obtained in advance by physical
simulation of light scattering. The distance between isolines
changes according to the blood volume (signal ratio R/G). In
the present embodiment, the correlation between the signal
ratios B,,,/G and R/G and the oxygen saturation is stored in
a log scale.
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[0070] As shown in FIG. 8, this correlation is closely
related to the absorption characteristics or light scattering
characteristics of oxygenated hemoglobin (graph 86) or
reduced hemoglobin (graph 87). For example, as at a center
wavelength of 473 nm of the blue narrowband light, at a
wavelength at which the difference between the absorption
coefficient of oxygenated hemoglobin and the absorption
coefficient of reduced hemoglobin is large, it is easy to handle
the information of oxygen saturation. However, the B,
image signal obtained by performing imaging at the center
wavelength of 473 nm of the blue narrowband light has a high
dependence not only on the oxygen saturation but also on the
blood volume. Therefore, by using the signal ratios B,,,/G
and R/G obtained from the B,,; image signal, the R image
signal corresponding to light that changes mainly depending
on the blood volume, and the G image signal that is a refer-
ence signal of the B,,, image signal and the R image signal,
it is possible to accurately calculate the oxygen saturation
without there being dependency on the blood volume.

[0071] The oxygen saturation calculation section 73 calcu-
lates an oxygen saturation, which corresponds to the signal
ratios B,,,/G and R/G calculated by the signal ratio calcula-
tion section 71, for each pixel with reference to the correlation
stored in the correlation storage section 72. For example, as
shown in FIG. 9, in a case in which the signal ratios in a
predetermined pixel are signal ratios B,,,*/G* and R*/G*,
the oxygen saturation corresponding to the signal ratios
B,,;*/G* and R*/G* is calculated to be “60%”.

[0072] Inaddition, a case in which the signal ratios B,,,,/G
and R/G become extremely large or extremely small hardly
occurs. That is, a case hardly occurs in which the value of the
signal ratio B,,;/G or the signal ratio R/G exceeds the lower
limit line 88 of the oxygen saturation of 0% or on the contrary
becomes lower than the upper limit line 89 of the oxygen
saturation of 100%. Here, the oxygen saturation calculation
section 73 sets the oxygen saturation to 0% in a case in which
the calculated oxygen saturation exceeds the lower limit line
88, and sets the oxygen saturation to 100% in a case in which
the calculated oxygen saturation is lower than the upper limit
line 89. In a case in which the point corresponding to the
signal ratios B,,,/G and R/G deviates from a region between
the lower limit line 88 and the upper limit line 89, display
showing that the reliability of the oxygen saturation in the
pixel is low may be performed.

[0073] The reference region setting section 74 sets a refer-
ence region of the subject 11 based on the oxygen saturation.
Specifically, the reference region setting section 74 specifies
a region where the oxygen saturation falls within a normal
range, and sets the region as a reference region. The normal
range is the range of oxygen saturation that the normal tissue
which is not a lesion, such as cancer, can take. For example,
the normal range is the range of 70% to 80%. That is, the
reference region setting section 74 sets aregion where there is
a normal tissue, as a reference region, based on the oxygen
saturation. There is almost no individual difference due to the
subject 11 in the range of the oxygen saturation of normal
tissue. Accordingly, the reference region setting section 74
can accurately specify a certain region of the normal tissue by
using the oxygen saturation and set the region as a reference
region. In the case of the light quantity of fluorescence FL.
emitted from the normal tissue, completely different values
may be obtained according to individual differences if the
light quantities are compared between different subjects.
However, in the case of comparing the light quantities
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between different tissues in the same subject 11 (for example,
normal tissue and cancer tissue), the light quantity of the
fluorescence FL emitted from the normal tissue becomes a
good standard typical of the subject 11.

[0074] The region-of-interest setting section 75 sets a
region of interest of the subject 11 based on the oxygen
saturation. Specifically, the region-of-interest setting section
75 specifies a region where the oxygen saturation is an abnor-
mal value deviating from the normal range by a predeter-
mined value or more, and sets the region as a region of
interest. The normal range of the oxygen saturation is a range
of about 70% to 80% without individual difference due to the
subject 11 described above. Accordingly, the region-of-inter-
est setting section 75 sets, for example, a region where the
oxygen saturation is lower than that in other regions by 10%
or more (region where the oxygen saturation is 60% or less) as
a region of interest. For example, since cancer tissue is in a
low oxygen state, the cancer tissue is set as a region of interest
by the region-of-interest setting section 75.

[0075] The normalized fluorescence intensity calculation
section 76 normalizes the emission intensity of the fluores-
cence FL by diseased tissue having an abnormal oxygen
saturation based on the emission intensity of the fluorescence
FL by normal tissue. Specifically, the normalized fluores-
cence intensity calculation section 76 extracts the pixel value
(that is, the emission intensity of the fluorescence FL) of each
pixel in the set reference region from the fluorescent image
signal S, calculates the average value, and sets the value as
the reference fluorescence intensity of the fluorescence FL by
the subject 11. The reference fluorescence intensity of the
fluorescence FL corresponds to the normal content of NADH,
and is a unique value that characterizes the subject 11. In
addition, the normalized fluorescence intensity calculation
section 76 extracts the pixel value of each pixel in the set
region of interest from the fluorescent image signal S,
calculates the average value, and sets the value as the emis-
sion intensity of the fluorescence FL in the region of interest
(hereinafter, referred to as a region-of-interest fluorescence
intensity). Then, the normalized fluorescence intensity calcu-
lation section 76 normalizes the region-of-interest fluores-
cence intensity by dividing the region-of-interest fluores-
cence intensity by the reference fluorescence intensity. This
value is referred to as the normalized fluorescence intensity
hereinafter.

[0076] The fluorescent image generation section 77 gener-
ates a fluorescent image showing the emission intensity of the
fluorescence FL visually using the B,,; image signal, the G
and R image signals, and the normalized fluorescence inten-
sity calculated by the normalized fluorescence intensity cal-
culation section 76. Specifically, the fluorescent image gen-
eration section 77 applies a gain corresponding to the
normalized fluorescence intensity to the pixel value of each
pixel in the region of interest of the B, image signal, and
generates RGB image data using the G and R image signals
and the B,; image signal to which the gain has been applied.
The RGB image data generated using the G and R image
signals and the B, image signal to which the gain has been
applied is a fluorescent image. For example, the fluorescent
image generation section 77 multiplies the pixel value of each
pixel in the region of interest of the B, ,, image signal by the
value of the normalized fluorescence intensity (or a value
obtained by multiplying the normalized fluorescence inten-
sity by an appropriate number) as a gain. Accordingly, in the
RGB image data generated by the fluorescent image genera-
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tion section 77, the region of interest is displayed in a pseudo-
color that is colored in blue with the density corresponding to
the normalized fluorescence intensity, and a region other than
the region of interest is displayed in a normal color (color in
a case in which the region is observed under white light).

[0077] In addition, the fluorescent image generation sec-
tion 77 generates a fluorescent image, in which the entire
region of interest is uniformly colored, using the normalized
fluorescence intensity. However, such pseudo-coloring may
be performed for each pixel. For example, the normalized
fluorescence intensity calculation section 76 generates a nor-
malized fluorescent image signal N, by performing normal-
ization by dividing each pixel value of the fluorescent image
signal Sy; by the calculated reference fluorescence. The nor-
malized fluorescent image signals N,, is a collection of the
normalized fluorescence intensities of the respective pixels.
Then, the fluorescent image generation section 77 multiplies
each pixel of the B,,; image signal by each pixel value of the
normalized fluorescent image signal N, as a gain, and gen-
erates a fluorescent image using the G and R image signals
and the B,,, image signal that has been multiplied by the
normalized fluorescent image signal N ;. Since each pixel of
the fluorescent image is pseudo-colored based on the normal-
ized emission intensity in this manner, it is possible to observe
the emission distribution of the fluorescence FL in more
detail. Needless to say, also in the case of using the normal-
ized fluorescent image signal N, as described above, only
the region of interest may be pseudo-colored. This is because
there is a case in which only the emission intensity of the
fluorescence FL in the region of interest is information con-
tributing to diagnosis and the emission intensity of the fluo-
rescence FL in a region other than the region of interest is
noise at the time of diagnosis. However, if a fluorescent
image, in which the entire region of interest is uniformly
colored using the normalized fluorescence intensity, is gen-
erated, it is easy to identify the region of interest. Therefore,
in order to present a region of interest so as to be easily
understood, it is preferable to generate a fluorescent image in
which the entire region of interest is uniformly colored using
the normalized fluorescence intensity.

[0078] The structure enhancement section 78 performs
structure enhancement processing, such as spatial frequency
enhancement processing, on the fluorescent image input from
the fluorescent image generation section 77. The fluorescent
image having been subjected to the structure enhancement
processing by the structure enhancement section 78 is input to
the display image signal generation unit 54.

[0079] The display image signal generation unit 54 con-
verts the normal observation image or the fluorescent image
into a display format signal (display image signal), and inputs
the display format signal to the monitor 15. As a result, the
normal observation image or the fluorescent image is dis-
played on the monitor 15.

[0080] The control unit 55 performs overall control of each
unit of the fluorescence observation device 10. For example,
the control unit 55 controls the position (switching between
the normal observation mode filter 22a and the special obser-
vation mode filter 22b) or the rotation speed of the rotary filter
22, the imaging of the image sensor 34, the image processing
switching of the image processing switching unit 51, and the
zoom lens 32 based on the input from the operation unit 56.
The operation unit 56 is a user interface (UI) for receiving an
input operation, such as a function setting. A recording umt
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(not shown) in which an image, information attached to the
image, and the like are recorded may be connected to the
processor unit 14.

[0081] Next, the flow of observation using the fluorescence
observation device 10 of the present embodiment will be
described with reference to the flowchart in FIG. 10. First, in
acase in which the normal observation mode is set (S10; NO),
light beams of the respective colors of B, G, and R are sequen-
tially emitted to the subject 11, and the image sensor 34
images the subject 11 with reflected light beams thereof and
outputs B, G, and R image signals. Then, a normal observa-
tion image is generated from the B, G, and R image signals
(S11), and is displayed on the monitor 15 (S12). The genera-
tion and display of the normal observation image are repeat-
edly performed until the observation mode is switched to the
special observation mode (S13).

[0082] Onthe other hand, in a case in which the observation
mode is set to the special observation mode (S10; YES), blue
narrowband light, G light, R light, and the excitation light EX
are sequentially emitted to the subject 11, and the image
sensor 34 images the subject 11 with reflected light beams
thereof or the fluorescence FL emitted from the subject 11 and
outputs the B,,, image signal, the G image signal, the R
image signal, and the fluorescent image signal S. When these
image signals are obtained from the image sensor 34, the
signal ratio calculation section 71 calculates the signal ratios
B.-3/G and R/G (S14), and the oxygen saturation calculation
section 73 calculates the oxygen saturation 91 of the subject
11 for each pixel based on the signal ratios B,,5/G and R/G as
shown in FIG. 11 (S15). When the oxygen saturation 91 is
calculated, the reference region setting section 74 sets a ref-
erence region 92 (refer to FIG. 11) of the subject 11 by
specifying a region where the value of the oxygen saturation
falls within a specific range (S16). The region-of-interest
setting section 75 sets a region of interest 93 (refer to FIG.11)
of the subject 11 by specifying a region, in which the value of
the oxygen saturation is an abnormal value deviating from the
above specific range by a predetermined value or more, using
the oxygen saturation 91 (S17).

[0083] When the reference region 92 and the region of
interest 93 of the subject 11 are set as described above, the
normalized fluorescence intensity calculation section 76 cal-
culates a reference fluorescence intensity by extracting the
pixel value of the reference region 92 from the fluorescent
image signal Sz, and calculating the average value. In addi-
tion, the normalized fluorescence intensity calculation sec-
tion 76 calculates a region-of-interest fluorescence intensity
by extracting the pixel value in the region of interest 93 and
calculating the average value. Then, a normalized fluores-
cence intensity is calculated by performing normalization by
dividing the region-of-interest fluorescence intensity by the
reference fluorescence intensity (S18).

[0084] Then, the fluorescent image generation section 77
multiplies each pixel value in the region of interest 93 of the
B.;; image signal by the normalized fluorescence intensity as
a gain, and generates a fluorescent image 95 (refer to F1G.11)
using the B,,; image signal multiplied by the normalized
fluorescence intensity and the G and R image signals (S19).
The fluorescent image 95 is an image in which the region of
interest 93 is pseudo-colored according to the normalized
fluorescence intensity, and shows the region of interest 93 and
shows the emission intensity of the region of interest 93 with
the color.
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[0085] The generated fluorescent image 95 is sequentially
displayed on the monitor 15 (S20). Such generation and dis-
play of the fluorescent image 95 are repeatedly performed
until the observation mode is switched to the normal obser-
vation mode or until the observation of the subject 11 ends
(S21).

[0086] As described above, the fluorescence observation
device 10 sets the reference region 92 and the region of
interest 93 based on the oxygen saturation 91 of the subject
11, and calculates a reference fluorescence intensity unique to
the subject 11 from the emission intensity of the fluorescence
FL in the reference region 92. Then, based on the normalized
fluorescence intensity calculated by normalizing the region-
of-interest fluorescence intensity indicating the emission
intensity of the region of interest 93 using the reference fluo-
rescence intensity, the fluorescent image 95 in which the
region of interest 93 is pseudo-colored is generated and dis-
played. Therefore, the fluorescence observation device 10 can
display the emission intensity (content of NADH) of the
fluorescence FL unique to the subject 11 in pseudo-color,
rather than the comparison with other subjects.

[0087] For example, an individual in which the content of
NADH is originally large cannot be immediately determined
that there is a lesion, such as cancer tissue, even if the emis-
sion intensity of the fluorescence FL is simply high. In con-
trast, an individual in which the content of NADH is origi-
nally low may include a lesion, such as cancer tissue, even if
the emission intensity of the fluorescence FL is low. For this
reason, even if the emission intensity of the fluorescence FL.
of the subject 11 under observation is compared with those of
other subjects, for example, standard data as in the conven-
tional fluorescence observation device, it is not possible to
accurately specify abnormalities unique to the subject 11
under observation. However, according to the fluorescence
observation device 10, it is possible to accurately display a
lesion regardless of individual differences of the subject 11.

[0088] In addition, since the emission intensity of fluores-
cence FL is greatly influenced by individual differences of the
subject 11, it is difficult to set the reference region 92 or the
region of interest 93 from the emission intensity of the fluo-
rescence FL. For example, if a region where the emission
intensity of the fluorescence FL is higher than a predeter-
mined threshold value is set to the region of interest, a larger
region than the actual diseased tissue is set as a region of
interest in a case in which the subject 11 is an individual in
which the content of NADH is originally large. On the other
hand, since the fluorescence observation device 10 sets the
reference region 92 or the region of interest 93 based on the
oxygen saturation that hardly depends on the individual dif-
ferences of the subject 11, it is possible to accurately set the
reference region 92 or the region of interest 93. Therefore, the
fluorescence observation device 10 can show a region of a
correct lesion, as the region of interest 93, in the fluorescent
image 95 without excess or deficiency.

[0089] In the fluorescence observation device 10, the sub-
ject 11 is observed by the fluorescence FL of NADH. How-
ever, the subject 11 may also be observed by fluorescence
emitted from other fluorescent materials. For example, it is
possible to observe the subject 11 with fluorescence based on
auto-fluorescent materials, such as flavin adenine dinucle-
otide (FAD), thyrosin, tryptophan, phenylalanine, collagen,
porphyrin, elastin, melanin, lipofuscin, ceroid, pyridoxine,
and eosinophils. A fluorescent material may be administered,
injected, or sprayed (hereinafter, referred to as administered)
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to the subject 11, so that the subject 11 is observed by its
fluorescence. In addition, a non-fluorescent material having a
content or activity that changes in correlation with the use of
oxygen in the metabolic system may be replaced with a fluo-
rescent material by genetic manipulation, so that the subject
11 is observed by its fluorescence. Thus, in the case of observ-
ing the subject 11 with the fluorescence based on each fluo-
rescent material other than NADH, the excitation light source
23 or the excitation light cut-off filter 33 may be replaced
according to the type of the fluorescent material. The subject
11 may also be able to be observed by fluorescence based on
a plurality of types of fluorescent materials. In this case, a
corresponding excitation light source or a corresponding
excitation light cut-off filter may be provided.

[0090] The normalized fluorescence intensity calculation
section 76 averages the pixel values of the reference region
and the region of interest of the fluorescent image signal S,
and sets the value as the reference fluorescence intensity and
the region-of-interest fluorescence intensity that are used for
normalization. However, instead of the average value, a maxi-
mum value, a minimum, a median, or the like may be used as
the reference fluorescence intensity and the region-of-interest
fluorescence intensity. The reference fluorescence intensity
and the region-of-interest fluorescence intensity may be cal-
culated in different methods. For example, the reference fluo-
rescence intensity may be calculated using an average, and
the maximum value may be adopted for the region-of-interest
fluorescence intensity.

[0091] Instead of the broadband light source 21, for
example, a laser light source, such as a laser diode, may also
be used. In the case of using the laser light source, it is
possible to emit the white light as in the broadband light
source 21, for example, by using a phosphor that emits fluo-
rescence by absorbing a part of laser light emitted from the
laser light source. In addition, forexample, LEDs of R, G, and
B or alaser diode may be used instead of the broadband light
source 21. In this case, LEDs of the respective colors or the
like may be sequentially turned on and off without using the
rotary filter 22.

[0092] In addition, an LED is used as the excitation light
source 23. However, a mercury lamp, a metal halide lamp, an

ultraviolet laser diode, or the like may be used instead of the
LED.

[0093] Instead of the rotary filter 22, an interference filter,
an etalon, a liquid crystal tunable filter, or the like may be
used.

[0094] As the image sensor 34, a photodetector, such as a
phototube or a photomultiplier tube, may be used instead of a
monochrome CCD or monochrome CMOS. In addition, a
color image sensor in which color filters are provided may be
used. In the case of using a color image sensor as the image
sensor 34, the rotary filter 22 may not be used for the light
source unit 12. In the case of using a color image sensor, a
primary-color image sensor in which color filters of R, G, and
B are provided can be used. In addition, a complementary
color image sensor including complementary color filters of
cyan (C), magenta (M), yellow (Y), and green (G) may be
used. In the case of using the complementary color image
sensor, if a color conversion unit that performs color conver-
sion into image signals of three colors of RGB from image
signals of four colors of CMYG is provided, it is possible to
obtain the image signals of three colors of RGB from the
image signals of four colors of CMYG by color conversion.
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[0095] 1Inaddition, the excitation light is emitted by turning
on the excitation light source 23 at the timing at which the
white light emitted from the broadband light source 21 is
blocked. However, since the fluorescence FL is weak com-
pared with the light quantity of reflected light of each color of
RGB, the excitation light source 23 may be turned on at all
times to continue the emission of excitation light.

Second Embodiment

[0096] Although the fluorescence observation device 10 of
the first embodiment sets the region of interest based on the
oxygen saturation, the region of interest may also be set using
another method that does not depend on the oxygen satura-
tion. In this case, the special observation image processing
unit 53 of the fluorescence observation device 10 is replaced
with, for example, a special observation image processing
unit 203 shown in FIG. 12. The other configuration is the
same as that of the fluorescence observation device 10 of the
first embodiment.

[0097] The special observation image processing unit 203
includes a narrowband light image generation section 204 and
a region-of-interest setting section 205. A signal ratio calcu-
lation section 71, a correlation storage section 72, an oxygen
saturation calculation section 73, a reference region setting
section 74, a normalized fluorescence intensity calculation
section 76, a fluorescent image generation section 77, and a
structure enhancement section 78 other than these are the
same as those in the special observation image processing
unit 53 of the fluorescence observation device 10 of the first
embodiment.

[0098] The narrowband light image generation section 204
acquires a B,,; image signal and a G image signal through the
image processing switching unit 51, and generates a narrow-
band light image, for example, by assigning the B,,; image
signal to B and G pixels and assigning the G image signal to
the R pixel. In the narrowband light image, shape information
of the subject 11, such as superficial blood vessels or ductal
structures, is emphasized according to the wavelength of blue
narrowband light. The generated narrowband light image is
input to the display image signal generation unit 54, and is
displayed on the monitor 15.

[0099] The user observes the narrowband light image dis-
played on the monitor 15, and designates (inputs) a region of
interest based on the shape information of the subject 11. The
designation of the region of interest by the user is performed
by using the operation unit 56. For example, the user inputs
region-of-interest designation information, such as a frame
surrounding a place where the superficial blood vessels
emphasized in the narrowband light image are dense, using
the operation unit 56. The region-of-interest setting section
205 sets the region of interest of the subject 11 based on the
region-of-interest designation information input from the
operation unit 56.

[0100] By generating and displaying the narrowband light
image as described above and setting the region of interest by
manual designation of the user based on the shape informa-
tion of the subject 11, the desired region of interest of the user
in a fluorescent image can be accurately displayed in pseudo-
color.

[0101] Although the narrowband light image is generated
and displayed, an oxygen saturation image showing the oxy-
gen saturation of the subject 11 may be generated and dis-
played instead of the narrowband light image, so that the user
designates a region of interest based on the oxygen saturation
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image. In this case, it is preferable to provide an oxygen
saturation image generation section (not shown) instead of
the narrowband light image generation section 204. The oxy-
gen saturation image generation section acquires the oxygen
saturation calculated by the oxygen saturation calculation
section 73, the B,,; image signal, and the G and R image
signals, and applies a gain corresponding to the oxygen satu-
ration to the B,,,; image signal and the G and R image signals.
Then, an oxygen saturation image is generated by assigning
the B ,,; image signal and the G and R image signals, to which
the gain corresponding to the oxygen saturation has been
applied, to the respective pixels of B, G, and R. For example,
for a pixel where the oxygen saturation is less than 60%, the
B.;; image signal is multiplied by the gain less than “1”, and
the G and R image signals are multiplied by the gain of “1” or
more. For a pixel where the oxygen saturation is higher than
60%, the B, image signal and the G and R image signals are
multiplied by the gain of “1”. In this manner, an oxygen
saturation image is obtained in which a region where the
oxygen saturation is equal to or less than “60%” is empha-
sized by being pseudo-colored. Accordingly, by generating
and displaying the oxygen saturation image, it is possible to
make the user designate a region of interest using a region
pseudo-colored in the oxygen saturation image as a guide.

[0102] In addition, a color image, which is the same as the
normal observation image, may be generated and displayed
using the B,,; image signal and the G and R image signals,
and a region of interest may be designate based on the color
image. An estimated spectral image, which is generated by
estimating arbitrary wavelength band components using the
B.,; image signal and the G and R image signals, may be
generated and displayed, and a region of interest may be
designate based on the estimated spectral image.

[0103] In the case of setting the region of interest using
another method that does not depend on the oxygen satura-
tion, the special observation image processing unit 53 of the
fluorescence observation device 10 may be replaced with a
special observation image processing unit 213 shown in FIG.
13. In the special observation image processing unit 213, a
narrowband light image generated by the narrowband light
image generation section 204 is input to a region-of-interest
setting section 215. Then, the region-of-interest setting sec-
tion 215 extracts the shape of the highlighted subject 11 from
the input narrowband light image, and automatically sets the
extracted part as a region of interest. For example, as shown in
FIG. 14, a fine shape 217, such as superficial blood vessels or
ductal structures, can be checked in a narrowband light image
219 even if the fine shape 217 is difficult to appear in the
normal observation image. Accordingly, the region-of-inter-
est setting section 215 extracts a region of the highlighted fine
shape 217, and sets the region as a region of interest. The other
configuration is the same as the special observation image
processing unit 203 (refer to FIG. 12). Thus, according to the
special observation image processing unit 213, a region of
interest can be automatically set based on the shape informa-
tion of the subject 11 appearing in the narrowband light image
regardless of the oxygen saturation.

[0104] Instead of the narrowband light image, an oxygen
saturation image or an estimated spectral image may be used.
In a case in which the desired shape information can be
checked in a color image that is the same as the normal
observation image, a region of interest may be automatically
set from the color image that is the same as the normal
observation image.
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[0105] Even in a case in which the region of interest is
automatically set based on the narrowband light image 219,
the narrowband light image 219 may be displayed on the
monitor 15. If the narrowband light image 219 is displayed on
the monitor 15, the user can check the region of interest that
is automatically set. In a case in which the region of interest
automatically set by the region-of-interest setting section 215
does not match the desired region of interest of the user, the
user may designate a region of interest as in the region-of-
interest setting section 205 (refer to FIG. 12) of the special
observation image processing unit 203.

[0106] In the special observation image processing unit
213, the region-of-interest setting section 215 sets the region
of interest automatically based on only the narrowband light
image 219. However, a region of interest may be extracted
from the narrowband light image 219 based on the past cases
or the like. For example, as shown in FIG. 15, the region-of-
interest setting section 215 is connected to a database 220 in
which the past case images (narrowband images or the like)
are stored. Then, the region-of-interest setting section 215
matches the shape information of the subject 11 between the
narrowband light image 219 and the past case images,
extracts a region matching the characteristic shape informa-
tion of the past cases from the narrowband light image 219,
and sets the region as a region of interest. If a region of interest
is set by comparison with the past cases as described above, a
possibility is reduced that a region less relevant to the lesion
will be designated as a region of interest even if the region is
highlighted in the narrowband light image 219. Therefore, it
is possible to improve the accuracy of the region of interest
designated automatically.

[0107] The database 220 may be provided in the fluores-
cence observation device, or may be provided outside the
fluorescence observation device, or may be connected
through a communication network. Also in the case of mak-
ing the user designate a region of interest (refer to FIG. 12), it
is possible to assist the user in designating the region of
interest by displaying the past case images on the monitor 15
using the database 220.

Third Embodiment

[0108] Inthe fluorescence observation device 10 of the first
embodiment, the subject 11 is observed in real time. How-
ever, information indicating a temporal change (temporal
information) may be further presented to the user. In this case,
the special observation image processing unit 53 of the fluo-
rescence observation device 10 of the first embodiment is
replaced with, for example, a special observation image pro-
cessing unit 303 shown in FIG. 16. In the special observation
image processing unit 303, the normalized fluorescence
intensity calculation section 76 of the special observation
image processing unit 53 is replaced with a normalized fluo-
rescence intensity calculation section 306, and the other con-
figuration is the same as that of the special observation image
processing unit 53. Hereinafter, it is assumed that the subject
11 is imaged at the imaging time T1, T2, T3, . . . at predeter-
mined time intervals AT from the initial imaging time T1 set
in advance.

[0109] The normalized fluorescence intensity calculation
section 306 calculates a normalized fluorescence intensity by
normalizing the fluorescence intensity of the region of inter-
est with the fluorescence intensity of the reference region.
However, the method of calculating the normalized fluores-
cence intensity is different from the normalized fluorescence
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intensity calculation section 76 of the first embodiment, and
calculates the normalized fluorescence intensity that is also
temporally normalized. Specifically, the normalized fluores-
cence intensity calculation section 306 calculates the refer-
ence fluorescence intensity based on the set reference region
whenever the subject 11 is imaged. This is the same as the
normalized fluorescence intensity calculation section 76 of
the first embodiment. That is, the normalized fluorescence
intensity calculation section 306 extracts the pixel value of a
pixel in the reference region set at each imaging time from the
fluorescent image signal S, acquired at each imaging time,
and calculates the reference fluorescence intensity at each
imaging time by averaging the pixel values.

[0110] On the other hand, although the normalized fluores-
cence intensity calculation section 306 calculates the region-
of-interest fluorescence intensity, the calculation method is
different from the normalized fluorescence intensity calcula-
tion section 76. Specifically, although the normalized fluo-
rescence intensity calculation section 76 calculates the
region-of-interest fluorescence intensity by extracting the
pixel value of the region of interest set at each imaging time,
the normalized fluorescence intensity calculation section 306
calculates the region-of-interest fluorescence intensity at
each imaging time using the region of interest set at the initial
imaging time T1 (hereinafter, referred to as aninitial region of
interest). That is, the normalized fluorescence intensity cal-
culation section 306 fixes a region for extracting a pixel value
in order to calculate the region-of-interest fluorescence inten-
sity to the initial region of interest instead of a region of
interest at each imaging time. For example, in the case of
calculating the region-of-interest fluorescence intensity at the
imaging time T2, pixel values in a region corresponding to the
initial region of interest are extracted from the fluorescent
image signal S,; at the imaging time T2, and the average
value is calculated to calculate the region-of-interest fluores-
cence intensity. This is the same for the imaging time T3 and
subsequent ones.

[0111] The normalized fluorescence intensity calculation
section 306 calculates a normalized fluorescence intensity by
dividing the region-of-interest fluorescence intensity calcu-
lated as described above by the reference fluorescence inten-
sity. Since the normalized fluorescence intensity is calculated
by dividing the fluorescence intensity of the region of interest
by the fluorescence intensity of the reference region, normal-
ization with no individual difference of the subject 11 is
made. In addition, since the region of interest is fixed to the
initial region of interest, a change in the fluorescence intensity
that is temporally normalized with the initial imaging time T1
as a reference is shown.

[0112] The fluorescent image generation section 77 gener-
ates a fluorescent image by pseudo-coloring the region of
interest based on the normalized fluorescence intensity cal-
culated by the normalized fluorescence intensity calculation
section 306 instead of the normalized fluorescence intensity
of the first embodiment. The pseudo-colored region is a
region of interest set at each imaging time.

[0113] Then, as shown in FIG. 17, at least two or more of
fluorescent images 31071, 31012, 310T3, . . . at the respec-
tive imaging times are displayed in time series on the monitor
15. By observing the fluorescent images 310T1, 31072,
31073, ... atthe respective imaging times, it is possible to see
the change in the size of a lesion, such as cancer, through the
temporal changes in the sizes of pseudo-colored regions of
interest 3117T1, 311T2,3117T3, . . . . In addition, the change in
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the color (or gradation) of the region of interest indicates a
temporal change in the content of NADH. For example, ifthe
subject 11 is observed after administering treatment drugs,
such as anti-cancer drugs, to the subject 11, it is possible to
determine the effect.

[0114] Inthese fluorescent images 310T1,3107T2,310T3,.
.., itis preferable to display reference regions 312T1, 312T2,
31273, .. . atthe respective imaging times or an initial region
of interest 313. The reference regions 312T1, 31272, 312T3,
.. . at the respective imaging times or the initial region of
interest 312 can be made to overlap the fluorescent images
310711, 310T2, 310T3, . . ., respectively, when the display
image signal generation unit 54 generates a display image
signal. In addition, a graph 320 showing a temporal change in
the temporal fluorescence intensity ratio may be displayed.
Such additional information can support more visually the
determination of the change in the size of a lesion, such as
cancer, or the temporal change in the content of NADH.
[0115] 1In the case of using the special observation image
processing unit 303, temporal information is displayed as
described above. However, the temporal information can be
sequentially displayed in approximately real time during a
single observation (inspection). It is also possible to display
the temporal information using the results (image signals
used for the generation of the past fluorescent images, setting
of the reference region, setting of the region of interest, and
the like) of the observation in the past, such as one week
before or one month before. In the case of displaying the
temporal information based on the past observation result, it
is preferable to provide a database 307 in which past obset-
vation results are stored, as shown in FIG. 18. Then, the
normalized fluorescence intensity calculation section 306
acquires the past observation result from the database 307,
and calculates a temporal normalized fluorescence intensity
based on the acquired past observation result. The database
307 may be provided outside the fluorescence observation
device 10, or may be provided in the fluorescence observation
device 10. In a case in which the database 307 is provided in
the fluorescence observation device 10, the normalized fluo-
rescence intensity calculation section 306 may store the past
observation result so as to function as the database 307.

Fourth Embodiment

[0116] In the first to third embodiments, the reference
region is set based on the oxygen saturation of the subject 11.
However, the reference region may be set using another
method. For example, a colorant may be administered to the
subject 11, and the reference region may be set according to
the colored color.

[0117] As shown in FIG. 19, a fluorescence observation
device 400 includes a colorant administration unit 401 for
administrating colorant to the subject 11. As shown in FIG.
20, a rotary filter 402 used in the fluorescence observation
device 400 includes a normal observation filter 4024 and a
special observation filter 4025. The normal observation filter
402a is configured to include filters of the respective colors of
B, G, and R, and the special observation filter 4025 is config-
ured to include filters of the respective colors of B, G, and R
and a light shielding part. In addition, in the fluorescence
observation device 400, the special observation image pro-
cessing unit 53 of the first embodiment is replaced with a
special observation image processing unit 403. The other
configuration is the same as that of the fluorescence observa-
tion device 10 of the first embodiment.
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[0118] In the special observation image processing unit
403, each section (the signal ratio calculation section 71, the
correlation storage section 72, and the oxygen saturation cal-
culation section 73) for calculating the oxygen saturation is
not provided, and a reference region setting section 404 and a
region-of-interest setting section 405 having different func-
tions from the first embodiment are provided. The normalized
fluorescence intensity calculation section 76, the fluorescent
image generation section 77, and the structure enhancement
section 78 are the same as in the first embodiment.

[0119] The reference region setting section 404 acquires
image signals of the respective colors of B, G, and R through
the image processing switching unit 51. Then, using the
image signals, a region that is colored in a specific color (or a
region that is not colored with a colorant) is set as a reference
region. Similarly, the region-of-interest setting section 405
acquires image signals of the respective colors of B, G, and R
through the image processing switching unit 51, and sets a
region colored in a different specific color (or a region that is
not colored with a colorant) from the reference region as a
region of interest using the image signals.

[0120] As shown in FIG. 21, in a case in which a pH
indicator is administered to the subject 11 as a colorant, the
region-of-interest setting section 405 extracts an acid region
410 where the pH is equal to or less than a specific value, from
any of image signals 409R, 409G, and 409B of the respective
colors or from a combination thereof, based on the color due
to the pH indicator, and sets the acid region 410 as a region of
interest. In addition, the reference region setting section 404
extracts a neutral region (or an alkaline region) 411 where the
pH is equal to or greater than the specific value based on the
color due to the pH indicator, and sets the neutral region 411
as areference region. In many cases, the surface of the cancer
tissue is acidic. Accordingly, by using the pH indicator, it is
possible to set the cancer tissue as a region of interest and set
the normal tissue as a reference region.

[0121]  After the setting of the reference region or the region
of interest is completed as described above, subsequent pro-
cessing is performed as in the first embodiment. That is, also
in the fluorescence observation device 400, it is possible to
generate and display a fluorescent image 420 by pseudo-
coloring the region of interest based on the normalized fluo-
rescence intensity.

[0122] As colorants, it is possible to use not only the pH
indicator but also indigo carmine, toluidine blue, methylene
blue, Lugol’s solution, crystal violet, fluorescein, acridine
orange, indocyanine green, or acetic acid. In addition, these
colorants including the pH indicator may be used in combi-
nation.

[0123] Inaddition, the configuration of the light source unit
12 of the fluorescence observation device 400 is arbitrary if
illumination light by which the color due to a colorant can be
identified and excitation light for emitting the fluorescence
FL can be emitted to the subject 11 at least a part of which is
colored with a colorant.

[0124] Although the fluorescence observation device 400
sets the reference region and the region of interest automati-
cally, the fluorescence observation device 400 may be con-
figured to be able to set these manually. In this case, a color
image in which the color due to the colorant can be identified
is generated and displayed, so that the user designates a
reference region and a region of interest using the operation
unit 56 by observing the coloring of the subject 11 by the
colorant.
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[0125] In addition, the control unit 55 of the fluorescence
observation device 400 preferably performs imaging control
so that the subject is imaged by emitting excitation light
before the subject 11 is colored by the colorant, the fluores-
cent image signal S, is output from the image sensor 34, and
image signals of the corresponding respective colors are out-
put by emitting illumination light beams of the respective
colors of R, G, and B after the colorant is administered to the
subject 11. In this manner, even if the color of the colorant and
the wavelength band of the fluorescence FL overlap (or par-
tially overlap) each other, the fluorescence observation of the
subject 11 can be performed without being interfered by the
color of the colorant.

[0126] In addition, the second and third embodiments can
also be combined with the fluorescence observation device
400 of the fourth embodiment.

Fifth Embodiment

[0127] The configuration of the fluorescence observation
devices of each of the first to fourth embodiments can be
mounted in an endoscopic system. As shown in FIG. 22, an
endoscopic system 510 includes an endoscope 512, a light
source device 514, a processor device 516, a monitor 518, and
a console 520.

[0128] The endoscope 512 is optically connected to the
light source device 514, and is electrically connected to the
processor device 516. The endoscope 512 includes an inser-
tion part 521 that is inserted into the subject, an operation unit
522 provided at the proximal end of the insertion part 521, and
a bending portion 523 and a distal portion 524 that are pro-
vided on the distal side ofthe insertion part 521. By operating
an angle knob 5224 of the operation unit 522, the bending
portion 523 is bent. The distal portion 524 can be directed in
a desired direction by the bending operation. A forceps chan-
nel 521a for inserting a treatment instrument, such as forceps,
therethrough is provided in the insertion part 521.

[0129] In addition to the angle knob 5224, a mode selector
SW (mode selector switch) 5224 and a zoom operation unit
522¢ are provided in the operation unit 522. The mode selec-
tor SW 5225 is used for a switching operation between two
modes of the normal observation mode and the special obser-
vation mode.

[0130] The processor device 516 is electrically connected
to the monitor 518 and the console 520. The monitor 518
displays a normal observation image or a fluorescent image
and information regarding the images (hereinafter, referred to
as image information or the like). The console 520 functions
as a user interface (UI) for receiving an input operation, such
as a function setting. A recording unit (not shown) in which
image information or the like is recorded may be connected to
the processor device 516.

[0131] As shown in FIG. 23, the light source unit 12 of the
fluorescence observation device 10 of the first embodiment
can be provided in the light source device 514 and the distal
portion 524. In addition, the imaging unit 13 can be provided
in the endoscope 512, and each unit of the processor unit 14
can be provided in the processor device 516. As in an endo-
scopic system 550 shown in FIG. 24, each unit of the fluo-
rescence observation device 400 of the fourth embodiment is
also the same. In this case, a colorant administration unit 401
is a treatment instrument that is used in a state of being
inserted into the forceps channel.
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EXPLANATION OF REFERENCES

[0132] 10, 400: fluorescence observation device
[0133] 11: subject

[0134] 12: light source unit

[0135] 13: imaging unit

[0136] 14: processor unit

[0137] 15: monitor

[0138] 16: dark box

[0139] 21: broadband light source

[0140] 22: rotary filter

[0141] 23: excitation light source

[0142] 33: excitation light cut-off filter

[0143] 34: image sensor

[0144] 52: normal observation image processing unit
[0145] 53: special observation image processing unit
[0146] 54: display image signal generation unit
[0147] 71: signal ratio calculation section

[0148] 73: oxygen saturation calculation section
[0149] 74: reference region setting section

[0150] 75: region-of-interest setting section

[0151] 76: normalized fluorescence intensity calculation
section

[0152] 77: fluorescent image generation section
[0153] 500, 550: endoscopic system

What is claimed is:

1. A fluorescence observation device, comprising;

a signal light source that irradiates a subject with signal
light having a wavelength band where an absorption
coefficient changes with an oxygen saturation of blood
hemoglobin;

an excitation light source that irradiates the subject with
excitation light for emitting fluorescence by exciting a
fluorescent material contained in the subject;

an image sensor that images the subject with the signal
light and outputs a first image signal and that images the
subject with the fluorescence and outputs a second
image signal;

an oxygen saturation calculation unit that calculates an
oxygen saturation of the subject for each pixel based on
the first image signal;

areference region setting unit that sets a reference region of
the subject based on the oxygen saturation;

aregion-of-interest setting unit that sets a region of interest
of the subject;

a normalized fluorescence intensity calculation unit that
calculates a normalized fluorescence intensity indicat-
ing a normalized emission intensity of the fluorescence
by dividing a region-of-interest fluorescence intensity,
which is calculated using a pixel value of the region of
interest of the second image signal, by a reference fluo-
rescence intensity calculated using a pixel value of the
reference region of the second image signal; and

a fluorescent image generation unit that generates a fluo-
rescent image by pseudo-coloring the region of interest
based on the normalized fluorescence intensity.

2. The fluorescence observation device according to claim

15

wherein the region-of-interest setting unit sets the region of
interest based on the oxygen saturation.

3. The fluorescence observation device according to claim

15

wherein the region-of-interest setting unit sets the region of

interest based on shape information of the subject.
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4. The fluorescence observation device according to claim
15

wherein the reference region setting unit sets a region
where the oxygen saturation falls within a specific range
as the reference region.

5. The fluorescence observation device according to claim

2,

wherein the reference region setting unit sets a region
where the oxygen saturation falls within a specific range
as the reference region.

6. The fluorescence observation device according to claim

35

wherein the reference region setting unit sets a region
where the oxygen saturation falls within a specific range
as the reference region.

7. The fluorescence observation device according to claim

1, further comprising:

a display unit that displays a plurality of the fluorescent
images, which are obtained by imaging the same subject
at two or more different times, in time series.

8. The fluorescence observation device according to claim

2, further comprising:

a display unit that displays a plurality of the fluorescent
images, which are obtained by imaging the same subject
at two or more different times, in time series.

9. The fluorescence observation device according to claim

3, further comprising:

a display unit that displays a plurality of the fluorescent
images, which are obtained by imaging the same subject
at two or more different times, in time series.

10. The fluorescence observation device according to claim

4, further comprising:

a display unit that displays a plurality of the fluorescent
images, which are obtained by imaging the same subject
at two or more different times, in time series.

11. The fluorescence observation device according to claim

17

wherein, in a case of imaging the same subject at two or
more different times, the normalized fluorescence inten-
sity calculation unit calculates the normalized fluores-
cence intensity using the region of interest set at the time
of imaging at a specific time and the reference region set
at the time of each imaging.

12. A fluorescence observation device, comprising:

an illumination light source that irradiates a subject, at least
a part of which is colored with a colorant, with illumi-
nation light by which a color due to the colorant can be
identified;

an excitation light source that irradiates the subject with
excitation light for emitting fluorescence by exciting a
fluorescent material contained in the subject;

an image sensor that images the subject with the illumina-
tion light and outputs a first image signal and that images
the subject with the fluorescence and outputs a second
image signal,

a reference region setting unit that sets a reference region
according to a color due to the colorant;

aregion-of-interest setting unit that sets a region of interest
of the subject;

a normalized fluorescence intensity calculation unit that
calculates a normalized fluorescence intensity indicat-
ing a normalized emission intensity of the fluorescence
by dividing a region-of-interest fluorescence intensity,
which is calculated using a pixel value of the region of
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interest of the second image signal, by a reference fluo-
rescence intensity calculated using a pixel value of the
reference region of the second image signal; and

a fluorescent image generation unit that generates a fluo-
rescent image by pseudo-coloring the region of interest
based on the normalized fluorescence intensity.

13. The fluorescence observation device according to claim

12,

wherein the region-of-interest setting unit sets the region of
interest according to a color due to the colorant.

14. The fluorescence observation device according to claim

12,

wherein the colorantis a pH indicator that changes with pH
of the subject.

15. The fluorescence observation device according to claim

14,

wherein the reference region setting unit sets a region
where the pH is equal to or greater than a specific value
as the reference region.

16. The fluorescence observation device according to claim

12,

wherein the colorant contains at least one of indigo car-
mine, toluidine blue, methylene blue, Lugol’s solution,
crystal violet, fluorescein, acridine orange, indocyanine
green, or acetic acid.

17. The fluorescence observation device according to claim

12,

wherein the image sensor images the subject with the fluo-
rescence before the colorant is administered to the sub-
jectand outputs the second image signal, and images the
subject with the illumination light after the colorant is
administered to the subject and outputs the first image
signal.

18. An endoscopic system, comprising:

a signal light source that irradiates a subject with signal
light having a wavelength band where an absorption
coefficient changes with an oxygen saturation of blood
hemoglobin;

an excitation light source that irradiates the subject with
excitation light for emitting fluorescence by exciting a
fluorescent material contained in the subject;

an image sensor that images the subject with the signal
light and outputs a first image signal and that images the
subject with the fluorescence and outputs a second
image signal;

an oxygen saturation calculation unit that calculates an
oxygen saturation of the subject for each pixel based on
the first image signal;

areference region setting unit that sets a reference region of
the subject based on the oxygen saturation;

aregion-of-interest setting unit that sets a region of interest
of the subject;

a normalized fluorescence intensity calculation unit that
calculates a normalized fluorescence intensity indicat-
ing a normalized emission intensity of the fluorescence
by dividing a region-of-interest fluorescence intensity,
which is calculated using a pixel value of the region of
interest of the second image signal, by a reference fluo-
rescence intensity calculated using a pixel value of the
reference region of the second image signal; and

Jun. 9, 2016

a fluorescent image generation unit that generates a fluo-
rescent image by pseudo-coloring the region of interest
based on the normalized fluorescence intensity.

19. A processor device of an endoscopic system including

a signal light source that irradiates a subject with signal light
having a wavelength band where an absorption coefficient
changes with an oxygen saturation of blood hemoglobin, an
excitation light source that irradiates the subject with excita-
tion light for emitting fluorescence by exciting a fluorescent
material contained in the subject, and an image sensor that
images the subject with the signal light and outputs a first
image signal and that images the subject with the fluores-
cence and outputs a second image signal, the processor device
comprising:

an oxygen saturation calculation unit that calculates an
oxygen saturation of the subject for each pixel based on
the first image signal;

areference region setting unit that sets a reference region of
the subject based on the oxygen saturation;

aregion-of-interest setting unit that sets a region of interest
of the subject;

a normalized fluorescence intensity calculation unit that
calculates a normalized fluorescence intensity indicat-
ing a normalized emission intensity of the fluorescence
by dividing a region-of-interest fluorescence intensity,
which 1s calculated using a pixel value of the region of
interest of the second image signal, by a reference fluo-
rescence intensity calculated using a pixel value of the
reference region of the second image signal; and

a fluorescent image generation unit that generates a fluo-
rescent image by pseudo-coloring the region of interest
based on the normalized fluorescence intensity.

20. An operation method of a device including a signal light
source that irradiates a subject with signal light having a
wavelength band where an absorption coefficient changes
with an oxygen saturation of blood hemoglobin, an excitation
light source that irradiates the subject with excitation light for
emitting fluorescence by exciting a fluorescent material con-
tained in the subject, and an image sensor that images the
subject with the signal light and outputs a first image signal
and that images the subject with the fluorescence and outputs
a second image signal, the operation method comprising:

an oxygen saturation calculation step of calculating an
oxygen saturation of the subject for each pixel based on
the first image signal;

a reference region setting step of setting a reference region
of the subject based on the oxygen saturation;

a region-of-interest setting step of setting a region of inter-
est of the subject;

anormalized fluorescence intensity calculation step of cal-
culating a normalized fluorescence intensity indicating a
normalized emission intensity of the fluorescence by
dividing a region-of-interest fluorescence intensity,
which is calculated using a pixel value of the region of
interest of the second image signal, by a reference fluo-
rescence intensity calculated using a pixel value of the
reference region of the second image signal; and

a fluorescent image generation step of generating a fluo-
rescent image by pseudo-coloring the region of interest
based on the normalized fluorescence intensity.
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