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(57) ABSTRACT

Information for assisting a doctor based on the oxygen
saturation of an observation target is presented. An endo-
scope system includes a light source device, an image
sensor, an oxygen saturation calculation unit, a distribution
pattern generation unit, a disease state score calculation unit,
and a monitor. The light source device emits light to irradiate
the observation target. The image sensor images the obser-
vation target with reflected light of the light, and outputs an
image signal. The oxygen saturation calculation unit calcu-
lates an oxygen saturation of the observation target based on
the image signal. The distribution pattern generation unit
generates a distribution pattern showing the distribution of
the oxygen saturation. The disease state score calculation
unit calculates a disease state score indicating the disease
state of the observation target based on the distribution
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ENDOSCOPE SYSTEM, PROCESSOR
DEVICE FOR ENDOSCOPE SYSTEM,
OPERATION METHOD FOR ENDOSCOPE
SYSTEM, AND OPERATION METHOD FOR
PROCESSOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JP2014/068764 filed on Jul. 15, 2014,
which claims priority under 35 U.S.C § 119(a) to Japanese
Patent Application No. 2013-200653 filed on Sep. 26, 2013
and Japanese Patent Application No. 2013-235460 filed on
Nov. 13, 2013. Each of the above application(s) is hereby
expressly incorporated by reference, in its entirety, into the
present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an endoscope system, a
processor device for an endoscope system, an operation
method for an endoscope system, and an operation method
for a processor device for calculating biological function
information regarding the oxygen saturation of blood hemo-
globin from an image signal obtained by imaging an obset-
vation target in a subject.

2. Description of the Related Art

In the medical field, it is common to perform diagnosis
using an endoscope system including a light source device,
an endoscope, and a processor device. In recent years,
diagnosis of a lesion using the oxygen saturation of blood
hemoglobin, among the pieces of biological function infor-
mation, has been performed. In particular, it is possible to
determine the normal tissue and the cancer tissue based on
the oxygen saturation (JP2012-213550A and JP2012-
125402A). In JP2012-213550A, the distributions of the
oxygen saturation of the surface layer, the intermediate
layer, and the deep layer of the observation target are
displayed by changing the combination of emitted light, so
that it is possible to determine the state of the cancer tissue
in more detail.

As a method of acquiring the oxvgen saturation, a method
is known in which first signal light and second signal light
having different wavelength bands and different absorption
coeflicients for oxygenated hemoglobin and reduced hemo-
globin alternately irradiate blood vessels in the mucous
membrane and the reflected light beams of the first and the
second signal light beams are detected by a sensor located at
the distal portion of the endoscope (refer to IJP2012-
213550A and JP2012-125402A).

A ratio between a first signal light image signal corre-
sponding to the reflected light of the first signal light
detected by the sensor and a second signal light image signal
corresponding to the reflected light of the second signal light
detected by the sensor (hereinafter, referred to as a signal
ratio) is maintained at a fixed value in a case where there is
no change in oxygen saturation in blood vessels. However,
in a case where a change in oxygen saturation occurs, the
signal ratio changes with the oxygen saturation change.
Accordingly, it is possible to calculate the oxygen saturation
based on the signal ratio between the first signal light image
signal and the second signal light image signal.

SUMMARY OF THE INVENTION

In a case where “oxygen saturation” or an “image show-
ing the oxygen saturation (hereinafter, referred to as an
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oxygen saturation image)” is presented, a doctor can deter-
mine the presence of the cancer tissue based on this. In
particular, as in JP2012-213550A, In a case where the
endoscope system presents the distribution of the oxygen
saturation of the surface layer, the intermediate layer, and the
deep layer of the observation target, a doctor can determine
the cancer tissue more accurately.

However, since the accuracy of diagnosis based on such
an oxygen saturation image largely depends on the knowl-
edge or experience (skill) of a doctor, there may be a
variation in the diagnostic result. For example, even if the
cancer tissue can be found based on the oxygen saturation
image, a detailed diagnostic result, such as the degree of
progression (for example, stage classification), may change
doctor to doctor. In addition, the degree of progression of
cancer may not be able to be determined based on only
various images provided by the endoscope system, such as
an oxygen saturation image.

It is an object of the present invention to provide an
endoscope system, a processor device for an endoscope
system, an operation method for an endoscope system, and
an operation method for a processor device to present
information for assisting a doctor in performing more accu-
rate and detailed diagnosis based on the oxygen saturation of
the observation target.

An endoscope system of the present invention includes a
light source device, an image sensor, an oxygen saturation
calculation unit, a distribution pattern generation unit, a
disease state score calculation unit, and a display unit. The
light source device emits light to irradiate an observation
target. The image sensor images the observation target with
reflected light of the light emitted from the light source
device, and outputs an image signal. The oxygen saturation
calculation unit calculates an oxygen saturation of the obser-
vation target based on the image signal. The distribution
pattern generation unit generates a distribution pattern show-
ing a distribution of the oxygen saturation. The disease state
score calculation unit calculates a disease state score indi-
cating a disease state of the observation target based on the
distribution pattern. The display unit displays the disease
state score or information based on the disease state score.

It is preferable that the disease state score in a case in
which a high oxygen region having the oxygen saturation
equal to or greater than a predetermined value is present in
a low oxygen region having the oxygen saturation less than
the predetermined value is greater than the disease state
score in a case in which the high oxygen region is not present
in the low oxygen region. In addition, it is preferable that, in
a case in which the high oxygen region is present in the low
oxygen region, the disease state score increases as a pro-
portion of the high oxygen region with respect to the low
oxXygen region increases.

In contrast, the disease state score in a case in which a
high oxygen region having the oxygen saturation equal to or
greater than a predetermined value is present in a low
oxygen region having the oxygen saturation less than the
predetermined value may be smaller than the disease state
score in a case in which the high oxygen region is not present
in the low oxygen region. In this case, in a case in which the
high oxygen region is present in the low oxygen region, the
disease state score decreases as a proportion of the high
oxygen region with respect to the low oxygen region
increases.

For example, the disease state score calculation unit
compares the distribution pattern calculated by the distribu-
tion pattern generation unit with a reference pattern of a
specific distribution shape, and calculates a similarity
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between the reference pattern and the distribution pattern
calculated by the distribution pattern generation unit as the
disease state score. The reference pattern of the specific
distribution shape is a pattern in which a high oxygen region
having the oxygen saturation equal to or greater than a
predetermined value is present in a low oxygen region
having the oxygen saturation less than the predetermined
value.

The distribution pattern generation unit may generate the
distribution pattern for a region of interest designated in
advance. In this case, the disease state score calculation unit
calculates the disease state score for the region of interest.

The endoscope system may further include a similar
clinical data selection unit. The similar clinical data selec-
tion unit compares the distribution pattern with clinical data
referring to a database in which a plurality of pieces of the
past clinical data are stored in advance, selects similar
clinical data which is similar to the distribution pattern
among the pieces of clinical data, and displays the similar
clinical data on the display unit. For example, the similar
clinical data selection unit displays an oxygen saturation
image included in the similar clinical data on the display
unit.

In addition, the endoscope system may further include a
therapeutic effect score calculation unit. The therapeutic
effect score calculation unit calculates a therapeutic effect
score, which indicates a therapeutic effect of a specific
treatment method, based on the distribution pattern, and
displays the therapeutic effect score on the display unit.

In addition, the endoscope system may further include an
autosave control unit. For example, even if a freeze opera-
tion for storing a still image of the observation target is not
performed, in a case in which the disease state score is a
value equal to or greater than a specified value, the autosave
control unit associates the disease state score with an oxygen
saturation image generated based on the image signal and
the oxygen saturation and automatically stores them.

The display unit may display the disease state score or
information based on the disease state score in a case in
which the disease state score is equal to or greater than a
specific value.

In addition, it is preferable that the endoscope system of
the present invention further includes a feature region
extraction unit that extracts a feature region of the observa-
tion target based on the image signal. In this case, the disease
state score calculation unit calculates the disease state score
based on the distribution pattern of the oxygen saturation in
the feature region.

For example, the feature region extraction unit extracts
the feature region of the observation target based on a blue
image signal obtained from a blue pixel of the image sensor
or a green image signal obtained from a green pixel of the
image sensor.

The feature region is a rubor region, and it is preferable
that the disease state score in a case in which a high oxygen
region having the oxygen saturation equal to or greater than
a predetermined value is present in the rubor region is
greater than the disease state score in a case in which the
high oxygen region is not present in the rubor region. In
addition, it is preferable that, in a case in which the high
oxygen region is present in the rubor region, the disease state
score increases as a proportion of the high oxygen region
with respect to the rubor region increases.

The feature region may be a rubor region, and the disease
state score in a case in which a high oxygen region having
the oxygen saturation equal to or greater than a predeter-
mined value is present in the rubor region may be smaller
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than the disease state score in a case in which the high
oxygen region is not present in the rubor region. In this case,
in a case in which the high oxygen region is present in the
rubor region, the disease state score may decrease as a
proportion of the high oxygen region with respect to the
rubor region increases.

A message display control unit that monitors the disease
state score and displays a message corresponding to the
disease state score on the display unit may be provided.

A processor device for an endoscope system of the present
invention is a processor device for an endoscope system
including a light source device for emitting light to irradiate
an observation target, an image sensor for imaging the
observation target with reflected light of the light emitted
from the light source device and outputting an image signal,
and a display unit, and includes an oxygen saturation cal-
culation unit, a distribution pattern generation unit, and a
disease state score calculation unit. The oxygen saturation
calculation unit calculates an oxygen saturation of the obset-
vation target based on the image signal. The distribution
pattern generation unit generates a distribution pattern show-
ing a distribution of the oxygen saturation. The disease state
score calculation unit calculates a disease state score indi-
cating a disease state of the observation target based on the
distribution pattern.

In addition, a feature region extraction unit that extracts a
feature region of the observation target based on the image
signal may be provided. In this case, the disease state score
calculation unit calculates the disease state score based on
the distribution pattern of the oxygen saturation in the
feature region.

An operation method for an endoscope system of the
present invention is an operation method for an endoscope
system including a light source device for emitting light to
irradiate an observation target, an image sensor for imaging
the observation target with reflected light of the light emitted
from the light source device and outputting an image signal,
and a display unit, and includes an oxygen saturation cal-
culation step, a distribution pattern generation step, a disease
state score calculation step, and a display step. In the oxygen
saturation calculation step, the oxygen saturation calculation
unit calculates an oxygen saturation of the observation target
based on the image signal. In the distribution pattern gen-
eration step, the distribution pattern generation unit genet-
ates a distribution pattern showing a distribution of the
oxygen saturation. In the disease state score calculation step,
the disease state score calculation unit calculates a disease
state score indicating a disease state of the observation target
based on the distribution pattern. In the display step, the
display unit displays the disease state score or information
based on the disease state score.

In addition, a feature region extraction step may be
included in which the feature region extraction unit extracts
a feature region of the observation target based on the image
signal. In this case, in the disease state score calculation step,
the disease state score calculation unit calculates the disease
state score based on the distribution pattern of the oxygen
saturation in the feature region.

An operation method for a processor device of the present
invention is an operation method for a processor device for
processing an image signal obtained by imaging an obser-
vation target, and includes an oxygen saturation calculation
step, a distribution pattern generation step, and a disease
state score calculation step. In the oxygen saturation calcu-
lation step, the oxygen saturation calculation unit calculates
an oxygen saturation of the observation target based on the
image signal. In the distribution pattern generation step, the
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distribution pattern generation unit generates a distribution
pattern showing a distribution of the oxygen saturation. In
the disease state score calculation step, the disease state
score calculation unit calculates a disease state score indi-
cating a disease state of the observation target based on the
distribution pattern.

In addition, a feature region extraction step may be
included in which the feature region extraction unit extracts
a feature region of the observation target based on the image
signal. In this case, in the disease state score calculation step,
the disease state score calculation unit calculates the disease
state score based on the distribution pattern of the oxygen
saturation in the feature region.

According to the endoscope system, the processor device
for an endoscope system, the operation method for an
endoscope system, and the operation method for a processor
device of the present invention, it is possible to further
present information for assisting the doctor in performing
more accurate and detailed diagnosis based on the oxygen
saturation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an external view of an endoscope system.

FIG. 2 is a block diagram of the endoscope system.

FIG. 3 is a graph showing the spectrum of light emitted
in a normal observation mode.

FIG. 4 is a graph showing the spectrum of light emitted
in a special observation mode.

FIG. 5 is a graph showing the spectral transmittance of an
RGB color filter.

FIG. 6 is an explanatory diagram showing imaging con-
trol in the normal observation mode.

FIG. 7 is an explanatory diagram showing imaging con-
trol in the special observation mode.

FIG. 8 is a block diagram of an oxygen saturation image
generation section.

FIG. 9 1s a graph showing the correlation between the
signal ratios B1/G2 and R2/G2 and the oxygen saturation.

FIG. 10 is a graph showing the absorption coeflicients of
oxygenated hemoglobin and reduced hemoglobin.

FIG. 11 is an explanatory diagram showing a method of
calculating the oxygen saturation.

FIG. 12 is a block diagram showing an evaluation unit.

FIG. 13 is an explanatory diagram showing a section of
early cancer, a normal observation image, and oxygen
saturation.

FIG. 14 is an explanatory diagram showing a section of
advanced cancer, a normal observation image, and oxygen
saturation.

FIG. 15 is an explanatory diagram showing the relation-
ship between a reference pattern and a disease state score.

FIG. 16 is a flowchart showing the operation of the
endoscope system.

FIG. 17 is an explanatory diagram showing a display
example in a case in which there is early cancer.

FIG. 18 is an explanatory diagram showing a display
example in a case in which there is advanced cancer.

FIG. 19 is an explanatory diagram showing another
display example in a case in which there is early cancer.

FIG. 20 is an explanatory diagram showing another
display example in a case in which there is advanced cancer.

FIG. 21 is a block diagram showing an evaluation unit in
case of acquiring a reference pattern from the outside.

FIG. 22 is an explanatory diagram showing a region of
interest.
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FIG. 23 is a block diagram showing an evaluation unit of
a second embodiment.

FIG. 24 is an explanatory diagram showing a display
example of the second embodiment.

FIG. 25 is a block diagram showing an evaluation unit of
a third embodiment.

FIG. 26 is an explanatory diagram showing a display
example of the third embodiment.

FIG. 27 is a block diagram showing an evaluation unit of
a fourth embodiment.

FIG. 28 is an explanatory diagram showing a display
example of the fourth embodiment.

FIG. 29 is a block diagram showing an evaluation unit of
a fifth embodiment.

FIG. 30 is a block diagram showing an evaluation unit of
a sixth embodiment.

FIG. 31 is an explanatory diagram showing a method of
calculating a distribution pattern in the sixth embodiment.

FIG. 32 is a block diagram of an endoscope system of a
seventh embodiment.

FIG. 33 is a graph showing the light emission band of an
LED and the characteristics of an HPF.

FIG. 34 is an explanatory diagram showing imaging
control in the normal observation mode in the seventh
embodiment.

FIG. 35 is an explanatory diagram showing imaging
control in the special observation mode in the seventh
embodiment.

FIG. 36 is a block diagram of an endoscope system
according to an eighth embodiment.

FIG. 37 is a plan view of a rotary filter.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[First Embodiment]

As shown in FIG. 1, an endoscope system 10 of a first
embodiment includes an endoscope 12, a light source device
14, a processor device 16, a monitor 18 (display unit), and
a console 20. The endoscope 12 is optically connected to the
light source device 14, and is electrically connected to the
processor device 16. The endoscope 12 includes an insertion
unit 21 that is inserted into a subject, an operation unit 22
provided at the proximal end of the insertion unit 21, and a
bending portion 23 and a distal portion 24 that are provided
at the distal side of the insertion unit 21. By operating an
angle knob 22a of the operation unit 22, the bending portion
23 is bent. Through the bending operation, the distal portion
24 is directed toward a desired direction.

In addition to the angle knob 22a, a mode selector SW
(mode selector switch) 225, a zoom operation unit 22¢, and
a freeze button (not shown) for saving a still image are
provided in the operation unit 22. The mode selector SW 225
is used for a switching operation between two modes of a
normal observation mode and a special observation mode.
The normal observation mode is a mode in which a normal
light image obtained by full-color imaging of the observa-
tion target in the subject is displayed on the monitor 18. The
special observation mode is a mode in which an oxygen
saturation image obtained by imaging the oxygen saturation
of blood hemoglobin of the observation target is displayed
on the monitor 18. The zoom operation unit 22¢ is used for
a zooming operation for driving a zoom lens 47 (refer to
FIG. 2) in the endoscope 12 in order to magnify the
observation target.

The processor device 16 is electrically connected to the
monitor 18 and the console 20. The monitor 18 displays an
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image, such as a normal light image or an oxygen saturation
image, and information regarding these images (hereinafter,
referred to as image information or the like). The console 20
functions as a user interface (UI) for receiving an input
operation, such as a function setting. In addition, a recording
unit (not shown) in which image information or the like is
recorded may be connected to the processor device 16.

As shown in FIG. 2, the light source device 14 includes,
as light emitting sources, a first blue laser light source (473
LD (laser diode)) 34 that emits first blue laser light having
a center wavelength of 473 nm and a second blue laser light
source (445 LD) 36 that emits second blue laser light having
a center wavelength of 445 nm. Emission of the light sources
34 and 36 formed of semiconductor light emitting devices
are separately controlled by a light source control unit 40.
Therefore, the light amount ratio between light emitted from
the first blue laser light source 34 and light emitted from the
second blue laser light source 36 can be freely changed.

The light source control unit 40 turns on the second blue
laser light source 36 in the normal observation mode. On the
other hand, in the special observation mode, the first blue
laser light source 34 and the second blue laser light source
36 are alternately turned on at intervals of one frame. In
addition, it is preferable that the half-width of each of the
first and second blue laser light beams is set to approxi-
mately +10 nm. As the first blue laser light source 34 and the
second blue laser light source 36, a broad area type InGaN-
based laser diode can be used, or an InGaNAs-based laser
diode or a GaN As-based laser diode can be used. In addition,
as the above light sources, a structure using a light emitter,
such as a light emitting diode, may be used.

The first and second blue laser light beams emitted from
the light sources 34 and 36 are incident into a light guide
(LG) 41 through optical members, such as a collecting lens,
an optical fiber, and a multiplexer (none are shown). The
light guide 41 is built into a universal cord 17 that connects
the endoscope 12 and the light source device 14 to each
other (refer to FIG. 1) and the endoscope 12. The light guide
41 propagates the first and second blue laser light beams
from the light sources 34 and 36 to the distal portion 24 of
the endoscope 12 therethrough. As the light guide 41, a
multi-mode fiber may be used. As an example, it is possible
to use a small-diameter fiber cable having a diameter of 0.3
mm to $0.5 mm that includes a core with a diameter of 105
pm, cladding with a diameter of 125 um, and a protective
layer as an outer skin.

The distal portion 24 of the endoscope 12 includes an
illumination optical system 24a and an imaging optical
system 24b. A phosphor 44 and an illumination lens 45 are
provided in the illumination optical system 24a. The first
and second blue laser light beams are incident on the
phosphor 44 from the light guide 41. The phosphor 44 emits
fluorescence due to the first or second blue laser light
irradiating thereto. Some of the first or second blue laser
light transmits through the phosphor 44. The light emitted
from the phosphor 44 is emitted to irradiate the observation
target through the illumination lens 45.

In the normal observation mode, the second blue laser
light is incident on the phosphor 44. Accordingly, white light
having a spectrum shown in FIG. 3 (second white light) is
emitted to irradiate the observation target as illumination
light. The second white light includes second blue laser light
and second fluorescence of green to red that is excited and
emitted from the phosphor 44 by the second blue laser light.
Accordingly, the wavelength range of the second white light
covers the entire visible light region.
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On the other hand, in the special observation mode, the
first blue laser light and the second blue laser light are
alternately incident on the phosphor 44. Therefore, first
white light and second white light having the spectrums
shown in FIG. 4 are alternately emitted to the observation
target. The first white light is configured to include first blue
laser light and first fluorescence of green to red that is
excited and emitted from the phosphor 44 by the first blue
laser light. Accordingly, the wavelength range of the first
white light covers the entire visible light region. The second
white light is the same as the second white light emitted in
the normal observation mode.

The first fluorescence and the second fluorescence have
almost the same waveform (shape of the spectrum), and the
ratio between the intensity (I1 (1)) of the first fluorescence
and the intensity (12 (1)) of the second fluorescence (here-
inafter, referred to as an inter-frame intensity ratio) is the
same at any wavelength A. For example, it is 12 (A1)/11
(AM)=12 (A2)/T1 (A2). Since the inter-frame intensity ratio 12
(AMYI1 (M) affects the calculation accuracy of the oxygen
saturation, the inter-frame intensity ratio 12 (A)/I1 (M) is
accurately controlled by the light source control unit 40 such
that the reference inter-frame intensity ratio set in advance
is maintained.

As the phosphor 44, it is preferable to use a phosphor that
absorbs some of the first and second blue laser light and
includes a plurality of kinds of phosphors (for example, a
YAG-based phosphor or a phosphor, such as BAM
(BaMgAl, ,0,,)) that are excited to emit green to red light
beams. In a case that a semiconductor light emitting device
is used as a light source for exciting the phosphor 44 as in
the present embodiment, it is possible to obtain high-
intensity first and second white light beams with high
luminous efficiency. In addition, it is possible to easily adjust
the intensity of the white light and to suppress changes in
color temperature and chromaticity.

The imaging optical system 24 of the endoscope 12
includes an imaging lens 46, the zoom lens 47, and a sensor
48 (refer to FIG. 2). Reflected light from the observation
target is incident on the sensor 48 through the imaging lens
46 and the zoom lens 47. Then, a reflected image of the
observation target is formed on the sensor 48. The zoom lens
47 is moved between the tele end and the wide end by
operating the zoom operation unit 22¢. When the zoom lens
47 is moved to the tele end side, the reflected image of the
observation target is magnified. On the other hand, when the
zoom lens 47 is moved to the wide end side, the reflected
image of the observation target is reduced. In addition, in a
case in which magnified observation is not performed (at the
time of non-magnified observation), the zoom lens 47 is
disposed at the wide end. In case of performing magnified
observation, the zoom lens 47 is moved from the wide end
to the tele end side by operating the zoom operation unit 22¢.

The sensor 48 is a color imaging device, and captures a
reflected image of the observation target and outputs the
image signal. For example, the sensor 48 is a charge coupled
device (CCD) image sensor or a complementary metal oxide
semiconductor (CMOS) image sensor. In addition, the sen-
sor 48 includes RGB pixels in which RGB color filters are
provided on the imaging surface, and outputs image signals
of three colors of R, and B by performing photoelectric
conversion in the pixels of respective colors of RGB.

As shown in FIG. 5, the B color filter has a spectral
transmittance of 380 nm to 560 nm, the G color filter has a
spectral transmittance of 450 nm to 630 nm, and the R color
filter has a spectral transmittance of 580 nm to 760 nm.
Accordingly, in a case in which the second white light is
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emitted to irradiate the observation target in the normal
observation mode, the second blue laser light and some of
green components of the second fluorescence are incident on
the B pixel, some of green components of the second
fluorescence are incident on the G pixel, and red components
of the second fluorescence are incident on the R pixel.
However, since the emission intensity of the second blue
laser light is extremely greater than that of the second
fluorescence, most of the B image signal output from the B
pixel is occupied by the reflected light components of the
second blue laser light.

On the other hand, in a case in which the first white light
is emitted to irradiate the observation target in the special
observation mode, the first blue laser light and some of green
components of the first fluorescence are incident on the B
pixel, some of green components of the first fluorescence are
incident on the G pixel, and red components of the first
fluorescence are incident on the R pixel. However, since the
emission intensity of the first blue laser light is extremely
greater than that of the first fluorescence, most of the B
image signal is occupied by the reflected light components
of the first blue laser light. Light incidence components in
the respective RGB pixels when the second white light is
emitted to the observation target in the special observation
mode are the same as those in the normal observation mode.

As the sensor 48, it is also possible to use a so-called
complementary color image sensor including complemen-
tary color filters of cyan (C), magenta (M), yellow (Y), and
green (G) on the imaging surface. In case of using the
complementary color image sensor as the sensor 48, a color
converter that performs color conversion from image signals
of four colors of CMYG to image signals of three colors of
RGB is preferably provided in the endoscope 12, the light
source device 14, or the processor device 16. In this manner,
even in a case in which complementary color image sensors
are used, 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.

An imaging control unit 49 controls the imaging of the
sensor 48. As shown in FIG. 6, in the normal observation
mode, an observation target illuminated with the second
white light is imaged by the sensor 48 for each period of one
frame. Then, the image signals of RGB are output from the
sensor 48 for each frame.

Also in the special observation mode, the imaging control
unit 49 performs imaging control of the sensor 48 in the
same manner as in the normal observation mode. However,
in the special observation mode, the first white light and the
second white light are alternately emitted to the observation
target in synchronization with the imaging frames of the
sensor 48. Therefore, as shown in FIG. 7, the sensor 48
images the observation target with the first white light in the
first frame, and images the observation target with the
second white light in the next second frame. The sensor 48
outputs the image signals of RGB colors in both the first and
second frames. However, the spectrum of white light in the
first frame and the spectrum of white light in the second
frame are different. Therefore, for the sake of distinction, the
image signals of RGB colors obtained by imaging the
observation target with the first white light in the first frame
are referred to as an R1 image signal, a G1 image signal, and
a Bl image signal, and the image signals of RGB colors
obtained by imaging the observation target with the second
white light in the second frame are referred to as an R2
image signal, a G2 image signal, and a B2 image signal.

In order to calculate the oxygen saturation, a signal ratio
B1/G2 between the B1 image signal and the G2 image signal
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and a signal ratio R2/G2 between the R2 image signal and
the G2 image signal are used. Between these signal ratios,
the signal ratio B1/G2 between the B1 image signal and the
G2 image signal is an essential signal ratio for the calcula-
tion of the oxygen saturation. In the present embodiment,
therefore, a component (first blue laser light transmitted
through the phosphor 44) that becomes the B1 image signal
in the first white light is the first signal light, and a compo-
nent (green band component of the second fluorescence) that
becomes the G2 image signal in the second white light is the
second signal light.

The image signals of the respective colors output from the
sensor 48 are transmitted to a correlated double sampling
(CDS)/automatic gain control (AGC) circuit 50 (refer to
FIG. 2). The CDS/AGC circuit 50 performs correlated
double sampling (CDS) or automatic gain control (AGC) for
the analog image signals output from the sensor 48. The
image signals transmitted through the CDS/AGC circuit 50
are converted into digital image signals by an A/D converter
52. The image signals that have been digitized in this manner
are input to the processor device 16.

The processor device 16 includes a receiving unit 54, an
image processing switching unit 60, a normal observation
image processing unit 62, a special observation image
processing unit 64, an evaluation unit 65, and an image
display signal generation unit 66. The receiving unit 54
receives the image signal input from the endoscope 12. The
receiving unit 54 includes a digital signal processor (DSP)
56 and a noise removal section 58, and the DSP 56 performs
digital signal processing, such as color correction process-
ing, on the received image signal. The noise removal section
58 performs noise removal processing using, for example, a
moving average method or a median filter method, on the
image signal obtained after the color correction processing
or the like in the DSP 56. The image signals after noise has
been removed are input to the image processing switching
unit 60.

In a case in which the mode selector SW 225 is set to the
normal observation mode, the image processing switching
unit 60 inputs the image signals to the normal observation
image processing unit 62. On the other hand, in a case in
which the mode selector SW 22b is set to the special
observation mode, the image processing switching unit 60
inputs the image signals to the special observation image
processing unit 64.

The normal observation image processing unit 62
includes a color conversion section 68, a color enhancement
section 70, and a structure enhancement section 72. The
color conversion section 68 generates RGB image data by
assigning the input RGB image signals of one frame 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.

The color enhancement section 70 performs various kinds
of color enhancement processing on the RGB image data
after the color conversion processing. The structure
enhancement section 72 performs structure enhancement
processing, such as spatial frequency enhancement, on the
RGB image data after the color enhancement processing.
The RGB image data subjected to the structure enhancement
processing by the structure enhancement section 72 is input
to the image display signal generation unit 66 as a normal
observation image.

The special observation image processing unit 64 includes
an oxygen saturation image generation section 76 and a
structure enhancement section 78. The oxygen saturation
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image generation section 76 calculates an oxygen saturation,
and generates an oxygen saturation image indicating the
calculated oxygen saturation.

The structure enhancement section 78 performs structure
enhancement processing, such as spatial frequency enhance-
ment processing, on the oxygen saturation image input from
the oxygen saturation image generation section 76. The
oxygen saturation image subjected to the structure enhance-
ment processing by the structure enhancement section 78 is
input to the image display signal generation unit 66.

The evaluation unit 65 acquires the data of the oxygen
saturation calculated by the oxygen saturation image gen-
eration section 76, and generates a distribution pattern
showing the distribution regarding the oxygen saturation
based on the data of the oxygen saturation. Then, based on
the calculated distribution pattern, a disease state score
indicating the state of disease of the observation target is
calculated. The state of disease is, for example, the degree of
progression of cancer.

The image display signal generation unit 66 converts the
normal observation image or the oxygen saturation image
into a display format signal (display image signal), and
inputs the display format signal to the monitor 18. As a
result, the normal observation image or the oxygen satura-
tion image is displayed on the monitor 18. In addition, a
disease state score is input to the image display signal
generation unit 66 from the evaluation unit 65. Accordingly,
the image display signal generation unit 66 displays not only
the oxygen saturation image but also the “disease state
score” or “information based on the disease state score
(warning message or the like)” on the monitor 18. Therefore,
a doctor can diagnose a tissue, which may be a lesion, more
objectively and accurately and in detail by referring to not
only the oxygen saturation image but also the display of the
“disease state score” or the “information based on the
disease state score”.

As shown in FIG. 8, the oxygen saturation image gen-
eration section 76 includes a signal ratio calculation section
81, a correlation storage section 82, an oxygen saturation
calculation section 83, and an image generation section 87.

Among the image signals of two frames that are input to
the oxygen saturation image generation section 76, the Bl
image signal, the G2 image signal, and the R2 image signal
are input to the signal ratio calculation section 81. The signal
ratio calculation section 81 calculates the signal ratios
B1/G2 between the B1 image signal and the G2 image signal
and the signal ratio R2/G2 between the G2 image signal and
the R2 image signal for each pixel.

The correlation storage section 82 stores the correlation
between the signal ratios B1/G2 and R2/G2 and the oxygen
saturation. This correlation is stored in a two-dimensional
table that defines the isolines of the oxygen saturation on the
two-dimensional space shown in FIG. 9. The position and
shape of the isolines for the signal ratios B1/G2 and R2/G2
are obtained in advance by physical simulation of light
scattering, and the distance between the isolines changes
according to the blood volume (signal ratioc R2/G2). In
addition, the correlation between the signal ratios B1/G2 and
R2/G2 and the oxygen saturation is stored in a log scale.

As shown in FIG. 10, this correlation is closely related to
the absorption characteristics or light scattering character-
istics of oxygenated hemoglobin (graph 90) and reduced
hemoglobin (graph 91). For example, as at a center wave-
length of 473 nm of the first blue laser light, at a wavelength
at which the difference between the absorption coeflicient of
oxygenated hemoglobin and the absorption coefficient of
reduced hemoglobin is large, it is easy to handle the infor-
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mation of the oxygen saturation. However, the Bl image
signal including a signal corresponding to 473 nm light has
a high dependence not only on the oxygen saturation but also
on the blood volume. Therefore, by using not only the Bl
image signal but also the signal ratios B1/G2 and R2/G2
obtained from the R2 image signal, which corresponds to
light that changes mainly depending on the blood volume,
and the G2 image signal, which is a reference signal of the
B1 image signal and the R2 image signal, it is possible to
accurately calculate the oxygen saturation without depen-
dency on the blood volume.

The oxygen saturation calculation section 83 calculates an
oxygen saturation corresponding to the signal ratio B1/G2
and the signal ratio R2/G2 calculated by the signal ratio
calculation section 81, for each pixel, with reference to the
correlation stored in the correlation storage section 82. For
example, in a case in which the signal ratio B1/G2 and the
signal ratio R2/G2 in a specific pixel are B1*/G2* and
R2*/G2*, respectively, the oxygen saturation corresponding
to the signal ratio B1*/G2* and the signal ratio R2*/G2* is
“60%” when the correlation shown in FIG. 11 is referred to.
Accordingly, the oxygen saturation calculation section 83
calculates the oxygen saturation of the pixel as “60%”.

In addition, a case in which the signal ratio B1/G2 and the
signal ratio R2/G2 become extremely large or extremely
small hardly occurs. That is, a case hardly occurs in which
the value of the signal ratio B1/G2 or the signal ratio R2/G2
exceeds the lower limit line 93 of the oxygen saturation of
0% or on the contrary becomes lower than the upper limit
line 94 of the oxygen saturation of 100%. Here, the oxygen
saturation calculation section 83 sets the oxygen saturation
to 0% in a case in which the calculated oxygen saturation is
lower than the lower limit line 93, and sets the oxygen
saturation to 100% in a case in which the calculated oxygen
saturation exceeds the upper limit line 94. In addition, in a
case in which a point corresponding to the signal ratio
B1/G2 and the signal ratio R2/G2 deviates from a region
between the lower limit line 93 and the upper limit line 94,
display showing that the reliability of the oxygen saturation
in the pixel is low may be given, or the oxygen saturation
may not be calculated.

The image generation section 87 generates an oxygen
saturation image, which is obtained by imaging the oxygen
saturation, using the data of the oxygen saturation calculated
by the oxygen saturation calculation section 83, the B2
image signal, the G2 image signal, and the R2 image signal.
Specifically, the image generation section 87 applies a gain
corresponding to the oxygen saturation to the original B2
image signal, G2 image signal, and R2 image signal, which
have been input, for each pixel, and generates RGB image
data using the B2 image signal, the G2 image signal, and the
R2 image signal after applying the gain. For example, in a
pixel where the corrected oxygen saturation is 60% or more,
the image generation section 87 multiplies all of the B2
image signal, the G2 image signal, and the R2 image signal
by the same gain “1”. In contrast, in a pixel where the
corrected oxygen saturation is less than 60%, the image
generation section 87 multiplies the B2 image signal by the
gain less than “1”” and multiplies the G2 image signal and the
R2 image signal by the gain of “1”” or more. RGB image data
generated using the B1 image signal, the G2 image signal,
and the R2 image signal after the gain processing is an
oxygen saturation image.

In the oxygen saturation image generated by the image
generation section 87, a high oxygen region (region having
an oxygen saturation of 60% to 100%) is expressed in the
same color as the normal observation image. On the other
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hand, a low oxygen region where the oxygen saturation is
less than a specific value (region having an oxygen satura-
tion of 0% to 60%) is expressed in a different color (pseudo-
color) from the normal observation image.

Although the image generation section 87 performs gain
multiplication for pseudo-coloring of only the low oxygen
region in the present embodiment, a gain corresponding to
the oxygen saturation may also be multiplied for the high
oxygen region so that the entire oxygen saturation image is
pseudo-colored. In addition, although the low oxygen region
and the high oxygen region are divided at the oxygen
saturation of 60%, this boundary can be arbitrarily selected.

As shown in FIG. 12, the evaluation unit 65 includes a
distribution pattern generation section 96, a disease state
score calculation section 97, and a reference pattern storage
section 98.

The distribution pattern generation section 96 acquires the
data of oxygen saturation calculated for each pixel by the
oxygen saturation calculation section 83, and generates a
distribution pattern showing the distribution regarding the
oxygen saturation. For example, the distribution pattern is a
two-dimensional distribution pattern in which the oxygen
saturation of each pixel is arranged as an image, a distribu-
tion pattern regarding the inclination of the oxygen satura-
tion obtained by differentiating this in a predetermined
direction, or a spatial frequency spectrum obtained by pet-
forming a Fourier transform of the two-dimensional distri-
bution pattern in which the oxygen saturation of each pixel
is arranged as an image. In the present embodiment, the
distribution pattern generation section 96 calculates the
distribution of oxygen saturation as a distribution pattern.
However, the distribution pattern generation section 96 may
generate other distribution patterns described above, or may
generate a plurality of distribution patterns.

For example, as shown in a normal observation image 101
and a section 102 of the center in FIG. 13, in the case of early
cancer in which a cancer tissue 103 remains in a mucosal
layer 104 without infiltrating into a muscularis mucosa 105,
new blood vessels 103a are constructed around the cancer
tissue 103, but the new blood vessels 103a do not reach a
thick blood vessel 106a in a submucosal tissue layer 106.
Therefore, as shown in a distribution 115 of the oxygen
saturation or a distribution 116 in the center, the cancer
tissue 103 is a low oxygen region having a lower oxygen
saturation than the normal tissue. In a part having a higher
percentage of cancer tissue, the oxygen saturation is lower
because oxygen is deficient. Accordingly, in early cancer,
the lowest oxygen state occurs approximately near the center
of the cancer tissue 103. For this reason, when viewed along
the X1-X2 section of the center, the distribution of oxygen
saturation is a U-shaped (or V-shaped) distribution.

On the other hand, as shown in a normal observation
image 110 or a section 112 of the center in FIG. 14, in the
case of advanced cancer having a cancer tissue 113 that has
infiltrated into the muscularis mucosa 105, some of new
blood vessels 113a constructed around the cancer tissue 113
reach the thick blood vessel 1064 in the submucosal tissue
layer 106. Therefore, as shown in a distribution 125 of
oxygen saturation or a distribution 126 in the center, in a
peripheral portion of the cancer tissue 113 having the new
blood vessels 113a that do not reach the thick blood vessel
1064 of the submucosal tissue layer 106, a low oxygen state
occurs in which the oxygen saturation is lower than sur-
rounding normal tissues, similar to the cancer tissue 103 that
is early cancer. However, in a central portion having the new
blood vessels 1134 that reach the thick blood vessel 1064 of
the submucosal tissue layer 106, a high oxygen state
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approximately equal to, for example, normal tissues occurs
since the supply of oxygen is abundant. For this reason, in
advanced cancer, a high oxygen region is formed in a central
portion, and an annular low oxygen region is observed in
which a portion around the central portion is surrounded by
a low oxygen region. In addition, when viewed along the
X1-X2 section of the center, the distribution of oxygen
saturation is a distribution close to a W shape having a
convex center.

In the present embodiment, the distribution pattern gen-
eration section 96 calculates the distributions 115 and 125 of
oxygen saturation as distribution patterns. The inclination or
the spatial frequency spectrum of oxygen saturation can be
calculated by differentiating the distributions 115 and 125 of
oxygen saturation or by performing a Fourier transform. As
can be seen from FIGS. 13 and 14, in case that cancer is
generated, a high frequency component is generated in the
spatial frequency spectrum of the oxygen saturation. And in
a case in which the cancer has advanced to infiltrate into the
muscularis mucosa 105, an additional high frequency com-
ponent is generated.

The disease state score calculation section 97 calculates a
disease state score indicating the disease state of the obser-
vation target based on the distribution pattern calculated by
the distribution pattern generation section 96. Specifically,
the distribution pattern calculated by the distribution pattern
generation section 96 is compared with a reference pattern
stored in advance in the reference pattern storage section 98,
and the similarity is calculated as a disease state score. In the
present embodiment, the distribution pattern generation sec-
tion 96 calculates the distribution of oxygen saturation as a
distribution pattern. Therefore, corresponding to this, a
template of the distribution of oxygen saturation generated
based on the past clinical data or the like is stored in advance
as a reference pattern in the reference pattern storage section
98. The disease state score calculation section 97 calculates
a disease state score (similarity) by performing a matching
between the distribution pattern obtained from the distribu-
tion pattern generation section 96 and the reference pattern.

As shown in FIG. 15, a reference pattern 130 is, for
example, a specific oxygen saturation distribution shape
having a high oxygen region 132, in which the oxygen
saturation is equal to or greater than a predetermined value,
in a low oxygen region 131 in which the oxygen saturation
is less than the predetermined value. That is, the reference
pattern 130 is an oxygen saturation distribution shape
obtained by simulating the distribution of the oxygen satu-
ration of advanced cancer. In addition, the predetermined
value of the oxygen saturation for distinguishing the low
oxygen region 131 and the high oxygen region 132 is set
based on clinical data. The oxygen saturation of a peripheral
portion 133 of the low oxygen region 131 is a value obtained
by simulating the oxygen saturation of the normal tissue.

The disease state score calculation section 97 enlarges or
reduces the reference pattern 130, and matches the enlarged
or reduced reference pattern 130 with the distribution pattern
calculated by the distribution pattern generation section 96.
The distribution pattern 125 (refer to FIG. 14) of advanced
cancer having a high oxygen region in a low oxygen region
has a higher similarity with the reference pattern 130 than
the distribution pattern 115 (refer to F1G. 13) of early cancer
that does not have a high oxygen region in a low oxygen
region. Therefore, the disease state score is large in case of
observing advanced cancer. In a case in which there is no
cancer, a low oxygen region is not included in the distribu-
tion pattern calculated by the distribution pattern generation
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section 96. Therefore, the disease state score in this case is
smaller than that in the case of observing early cancer.

As described above, the disease state score is a high score
in a case in which a high oxygen region is present in a low
oxygen region. However, it is preferable that the disease
state score increases as the proportion of the high oxygen
region in the low oxygen region increases. Since the pro-
portion of the high oxygen region in the low oxygen region
corresponds to the range of infiltration into the muscularis
mucosa 105, the degree of progression of advanced cancer
can be evaluated in more detail and objectively by setting the
disease state score in this manner. In order to calculate a
disease state score that increases according to the proportion
of the high oxygen region in the low oxygen region, for
example, it is preferable to prepare a plurality of reference
patterns in advance by changing the area of the high oxygen
region 132, perform a matching between the reference
patterns and a distribution pattern, and determine the sum of
lesion scores obtained by matching with the respective
reference patterns as a final lesion score. In addition, refer-
ence patterns having different proportions of the high oxy-
gen region in the low oxygen region may be used by being
generated from the reference pattern 130 by calculation. In
addition, a value obtained by correcting the similarity
obtained by matching according to the proportion of the high
oxygen region in the low oxygen region may be used as a
lesion score.

The disease state score calculated by the disease state
score calculation section 97 is input to the image display
signal generation unit 66, and is displayed on the monitor 18
together with the oxygen saturation image.

Next, the flow of observation using the endoscope system
10 of the present embodiment will be described with refer-
ence to the flowchart in FIG. 16. First, in the normal
observation mode, screening is performed from the most
distant view state (S10). In the normal observation mode, a
normal observation image is displayed on the monitor 18. In
a case in which a part that is likely to be a lesion (hereinafter,
referred to as a potential lesion part), such as a brownish area
or rubor, is found in this screening (S11), the mode selector
SW 224 is operated for switching to the special observation
mode (S12). Then, in the special observation mode, the
potential lesion part is examined.

In the special observation mode, the first and second white
light beams are alternately emitted to irradiate the observa-
tion target in synchronization with the imaging frame of the
sensor 48. Accordingly, the sensor 48 outputs the R1 image
signal, the G1 image signal, and the B1 image signal in a
frame in which the first white light is emitted, and outputs
the R2 image signal, the G2 image signal, and the B2 image
signal in a frame in which the second white light is emitted.
Based on the image signals of the two frames, the signal
ratio calculation section 81 calculates the signal ratio B1/G2
and the signal ratio R2/G?2 for each pixel (§13). Then, based
on the signal ratio B1/G2 and the signal ratio R2/G2, the
oxygen saturation calculation section 83 calculates the oxy-
gen saturation for each pixel (S14). After the calculation of
the oxygen saturation, the image generation section 87
generates an oxygen saturation image by multiplying each of
the B2 image signal, the G2 image signal, and the R2 image
signal by a gain corresponding to the oxygen saturation
(S15).

The distribution pattern generation section 96 calculates a
distribution pattern showing the distribution regarding the
oxygen saturation based on the data of oxygen saturation
calculated by the oxygen saturation calculation section 83
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(S16), and the disease state score calculation section 97
calculates a disease state score based on the distribution
pattern (S17).

The oxygen saturation image and the disease state score
that have been generated and calculated as described above
are displayed on the monitor 18 (S18). For example, as
shown in FIG. 17, in a case in which the lesion tissue is early
cancer, an oxygen saturation image 141 obtained by pseudo-
coloring almost the entire cancer tissue 103 and the disease
state score “12” are displayed on the monitor 18. In addition,
as shown in FIG. 18, in a case in which the lesion tissue is
advanced cancer, an oxygen saturation image 142, in which
the cancer tissue 113 having a high oxygen region of normal
color is projected in a pseudo-colored low oxygen region,
and the disease state score “95” are displayed on the monitor
18.

As described above, the entire cancer tissue 103 is
pseudo-colored by early cancer, and the cancer tissue 113 is
pseudo-colored in an annular shape by advanced cancer.
Therefore, the doctor can determine whether the lesion
tissue is early cancer or advanced cancer (or whether or not
the tissue is cancer) by observing the oxygen saturation
image displayed on the monitor 18. In addition, in the
endoscope system 10, since a lesion score obtained by
objectively evaluating the possibility of infiltration is dis-
played on the monitor 18, it is possible to check the
possibility of infiltration more easily by viewing the lesion
score. Therefore, it is possible to perform detailed diagnosis
including the degree of progression of cancer accurately and
easily.

The display of such oxygen saturation (oxygen saturation
image) is continuously performed until switching to the
normal observation mode occurs (S19). In case of finishing
the diagnosis, the insertion unit 21 of the endoscope 12 is
extracted from the subject (S20).

As described above, the endoscope system 10 can assist
the diagnosis of a doctor not only by displaying the oxygen
saturation image on the monitor 18 but also by calculating
the lesion score and displaying the lesion score on the
monitor 18. The endoscope system 10 can provide assistance
based on the calculation and display of the lesion score in
real time in the course of observing the observation target.
In particular, the endoscope system 10 can score the degree
of progression of a lesion into the observation target (in the
depth direction of the lesion) by observing the surface of the
observation target. Therefore, it is possible to present infor-
mation for assisting the diagnosis more quickly (for
example, without reducing the frame rate of observation)
than in a case of observing the observation target for each
depth by changing the wavelength used for observation or
the like.

In addition, although the endoscope system 10 generates
an oxygen saturation image by pseudo-coloring the low
oxygen region with the oxygen saturation of 60% as a
boundary and displays the oxygen saturation image, the
oxygen saturation may be divided more finely in a stepwise
manner, and pseudo-coloring may be performed so as to
generate different colors in respective steps. For example, by
changing a gain by which each image signal is multiplied
according to the oxygen saturation, different colors can be
displayed in the respective steps of the oxygen saturation. In
this case, as shown in FIGS. 19 and 20, it is possible to
display oxygen saturation images 143 and 144 in which the
distribution shape of the oxygen saturation of the cancer
tissue 103 of early cancer or the cancer tissue 113 of
advanced cancer appears in detail.
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In addition, although the endoscope system 10 calculates
and displays a disease state score to provide assistance in
determining the degree of progression of cancer, it is also
possible to calculate and display a disease state score to
provide assistance in determining the degree of progression
of lesions (inflammation, ulceration, and the like) other than
cancer using the same method.

In addition, although the disease state score that increases
according to the degree of progression of cancer is calcu-
lated and displayed in the endoscope system 10, a disease
state score that decreases according to the degree of pro-
gression may be calculated conversely. For example, the
disease state score calculation section 97 may calculate the
reciprocal of the similarity between the distribution pattern
obtained from the distribution pattern generation section 96
and the reference pattern as a disease state score. In this case,
the disease state score is the largest in a case in which there
is no high oxygen region in the low oxygen region, and the
disease state score is reduced in a case in which a high
oxygen region is present in the low oxygen region. As the
proportion of the high oxygen region in the low oxygen
region increases, the disease state score is further reduced.
Accordingly, the smallness of the disease state score indi-
cates the degree of progression of cancer.

In the endoscope system 10, the reference pattern storage
section 98 that stores the reference pattern 130 in advance is
provided in the evaluation unit 65. Accordingly, as shown in
FIG. 21, the reference pattern 130 may be acquired from an
external database 151 that is connected to the processor
device 16 through a network. Thus, when the reference
pattern 130 is acquired from the external database 151, even
if the reference pattern 130 is updated based on the latest
case, it is possible to calculate a lesion score using the
optimal reference pattern always even without maintenance
to update the data of the reference pattern storage section 98.

In the endoscope system 10, a region for calculating the
distribution pattern and the lesion score in the distribution
pattern generation section 96 and the disease state score
calculation section 97 is not specified. However, the distri-
bution pattern generation section 96 and the disease state
score calculation section 97 may calculate a distribution
pattern and a lesion score for a region of interest 161
specified in advance as shown in FIG. 22. In this manner, it
is possible to quickly calculate the lesion score. For
example, the region of interest 161 is a region that a doctor
specifies while observing the normal observation image 110
(may be an oxygen saturation image). Specifying the region
of interest 161 can be performed by the processor device 16.
Needless to say, a distribution pattern and a lesion score may
be calculated for the entire observation range in a case in
which the region of interest 161 is not specified, and a
distribution pattern and a lesion score may be calculated for
the specified region of interest 161 in a case in which the
region of interest 161 is specified.

In addition, the region of interest 161 may be automati-
cally specified by the endoscope system 10. For example, a
region-of-interest extraction section that extracts a region,
which includes a low oxygen region and has a predeter-
mined size and a predetermined shape (for example, a
rectangular shape), as a region of interest from the distri-
bution patterns 115 and 125 generated by the distribution
pattern generation section 96 may be provided in the evalu-
ation unit 65, and a disease state score may be calculated for
the extracted region of interest.

In the endoscope system 10, the distribution pattern
generation section 96 calculates one distribution pattern
(distribution shape of the oxygen saturation), and the disease
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state score calculation section 97 calculates a lesion score
corresponding to the distribution pattern. However, in case
of generating a plurality of distribution patterns including
other distribution patterns, such as a distribution pattern of
the inclination of oxygen saturation, a result of calculation
using a lesion score calculated for each distribution pattern,
such as a sum value of lesion scores calculated for the
respective distribution patterns or a value obtained by add-
ing a weighting to the lesion score calculated for each
distribution pattern, as a lesion score that is finally calculated
and displayed.

[Second Embodiment]

As shown in FIG. 23, in an endoscope system of a second
embodiment, a similar clinical data selection section 201 is
further provided in the evaluation unit 65. Other configura-
tions are the same as the endoscope system 10 of the first
embodiment.

The similar clinical data selection section 201 acquires a
disease state score from the disease state score calculation
section 97, and selects a past case having a disease state
score, which is close to (or matches) the acquired disease
state score, from a clinical database 202 stored in a plurality
of pieces of clinical data 203. Then, the selected clinical data
(hereinafter, referred to as similar clinical data) is input to
the image display signal generation unit 66. As a result, as
shown in FIG. 24, for example, an oxygen saturation image
206 included in the similar clinical data is displayed on the
monitor 18 side by side with an oxygen saturation image 142
of the observation target.

In the endoscope system of the second embodiment, it is
possible to present not only the disease state score but also
the oxygen saturation image 206 of similar clinical data to
a doctor in real time.

Other than the oxygen saturation image 206, other kinds
of images, such as a normal observation image included in
the similar clinical data or a narrowband light image in the
case of observation using narrowband light, may be dis-
played on the monitor 18. In addition, in a case in which not
only various kinds of images but also the recording of a
diagnostic result, such as a disease name, or performed
treatment or the effect is included in the similar clinical data,
these may be displayed on the monitor 18. Such various
kinds of recording of similar cases assist the diagnosis of a
doctor.

The clinical database 202 may be an external database
that is connected to the endoscope system through a net-
work, or may be a database provided in the endoscope
system (processor device 16). In a case in which there is a
plurality of disease state scores that are the same scores, the
latest one of the plurality of disease state scores may be
selected and displayed, or a disease state score that has been
referred to the most may be selected and displayed. The
clinical data displayed as similar clinical data may be set in
advance for each disease state score. In addition, the similar
clinical data may be narrowed down and selected depending
on the similarity with the observation target, such as the age,
sex, or observation part of the subject, other than the disease
state score.

In the endoscope system of the second embodiment, a
piece of similar clinical data is selected. However, a plurality
of pieces of similar clinical data may be selected and
displayed on the monitor 18. In a case in which a plurality
of pieces of similar clinical data are selected, a list of the
plurality of pieces of similar clinical data may be displayed
on the monitor 18, and the oxygen saturation image of the
similar clinical data selected from the list by the doctor may
be displayed on the monitor 18.
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[Third Embodiment]

As shown in FIG. 25, in an endoscope system of a third
embodiment, a therapeutic effect score calculation section
301 is provided in the evaluation unit 65 in the endoscope
system 10 of the first embodiment, and other configurations
are the same as the endoscope system 10 of the first
embodiment.

The therapeutic effect score calculation section 301
acquires a distribution pattern from the distribution pattern
generation section 96, and calculates a therapeutic effect
score showing the therapeutic effect using a specific treat-
ment method based on the acquired distribution pattern.
Specifically, a therapeutic effect score is calculated based on
the distribution pattern (distribution shape of oxygen satu-
ration) or information calculated from the distribution pat-
tern (area of a low oxygen region, proportion of a high
oxygen region in a low oxygen region, or the like). The
therapeutic effect score calculation section 301 displays a
therapeutic effect score 302 on the monitor 18 side by side
with the oxygen saturation image 142 of the observation
target, as shown in FIG. 26, by inputting the calculated
therapeutic effect score to the image display signal genera-
tion unit 66. In a case in which the lesion is cancer, examples
of the specific treatment method and the therapeutic effect
include anti-cancer drugs and the efficacy, radiation therapy
and the eflicacy, and surgery and the prognosis (a survival
rate, a recurrence possibility, or a metastatic possibility).

For example, in the case of anti-cancer drugs, the effect of
anti-cancer drugs in the low oxygen region is low since the
blood flow is poor, and the effect of anti-cancer drugs in the
high oxygen region is high. Therefore, the therapeutic effect
score calculation section 301 sets the therapeutic effect score
of anti-cancer drugs to be low in a case in which a number
of low oxygen regions are present, and sets the therapeutic
effect score of anti-cancer drugs to be highin a case in which
a number of high oxygen regions are present (in a case in
which the proportion of the high oxygen region in the low
oxygen region is large). In the case of radiation therapy,
since the amount of generation of free radicals is reduced in
the low oxygen region, the therapeutic effect is low. Accord-
ingly, the therapeutic effect score calculation section 301
sets the therapeutic effect score of radiation therapy to be
low in a case in which a number of low oxygen regions are
present, and sets the therapeutic effect score of radiation
therapy to be high in a case in which a number of high
oxygen regions are present (in a case in which the proportion
of the high oxygen region in the low oxygen region is large).

[Fourth Embodiment]

As shown in FIG. 27, in an endoscope system of a fourth
embodiment, a message display control section 401 is added
to the evaluation unit 65 in the endoscope system 10 of the
first embodiment, and other configurations are the same as
the endoscope system 10 of the first embodiment.

The message display control section 401 acquires a dis-
ease state score from the disease state score calculation
section 97, and monitors the value of the acquired disease
state score. In addition, for example, the message display
control section 401 inputs information corresponding to the
disease state scores, such as a warning, to the image display
signal generation unit 66. Therefore, as shown in FIG. 28, a
message 402 corresponding to the disease state score is
displayed on the monitor 18 side by side with the oxygen
saturation image 142 of the observation target. For example,
in a case in which the disease state score is high, a possibility
of infiltration into the muscularis mucosa 105 or the sub-
mucosal tissue layer 106 is high. Accordingly, in a case in
which the disease state score is equal to or greater than a
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specific value set in advance, it is preferable to display the
message 402 to give a warning about the possibility of
infiltration. Although the message display control section
401 always monitors the disease state score, the message
402 may not be displayed. The message may be displayed
only in the case of a specific disease state, for example, in
a case in which the disease state score is equal to or greater
(smaller) than a specific value or in a case in which the
disease state score is in a predetermined range.

[Fifth Embodiment]

As shown in FIG. 29, in an endoscope system of a fifth
embodiment, an autosave control section 501 is added to the
evaluation unit 65 in the endoscope system 10 of the first
embodiment, and other configurations are the same as the
endoscope system 10 of the first embodiment.

The autosave control section 501 acquires the disease
state score from the disease state score calculation section
97, and monitors the value. In a case in which the disease
state score is a value equal to or greater than a predetermined
specified value, for example, the oxygen saturation image
output from the structure enhancement section 78 is
acquired, and is automatically stored in a storage unit 502.
Automatic saving of an oxygen saturation image that is
performed by the autosave control section 501 is performed
even if a doctor who operates the endoscope system does not
perform an operation for saving a still image. In the oxygen
saturation image to be automatically saved, a disease state
score is associated therewith to be stored together. For
example, the disease state score is recorded on the header of
the oxygen saturation image as supplementary information.

In a case in which the disease state score is a high score,
the possibility of advanced cancer is high, and a possibility
that the oxygen saturation image will be stored as a still
image by the doctor is typically high. However, even if the
doctor has forgotten to store the oxygen saturation image as
a still image, the oxygen saturation image is automatically
stored by the autosave control section 501. Accordingly,
since it 1s not necessary to repeat the inspection, the burden
on the doctor and the subject is reduced.

In addition, in a case in which the disease state score is a
high score, it is not necessary to automatically store oxygen
saturation images of all the frames. For example, autosaving
by the autosave control section 501 may be performed at
predetermined frame intervals.

The similar clinical data selection section 201 of the
second embodiment, the therapeutic effect score calculation
section 301 of the third embodiment, the message display
control section 401 of the fourth embodiment, and the
autosave control section 501 of the fifth embodiment can be
used in combination with each other.

[Sixth Embodiment]

As shown in FIG. 30, an endoscope system of a sixth
embodiment includes a feature region extraction section 601
in the evaluation unit 65. In addition, a disease state score
calculation section 602 calculates a disease state score based
on the distribution pattern of the oxygen saturation in a
feature region extracted by the feature region extraction
section 601. Other configurations are the same as that of the
endoscope system 10 of the first embodiment.

The feature region extraction section 601 acquires an
image signal, and extracts a portion suspected to be a lesion
as a feature region of the observation target. For example, as
shown in FIG. 31, the feature region extraction section 601
extracts a region where rubor is strong (hereinafter, referred
to as a rubor region) 605 as a feature region based on the
acquired image signal.
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The disease state score calculation section 602 calculates
a disease state score indicating the disease state of the
observation target based on the distribution pattern of the
oxygen saturation in the rubor region 605 extracted by the
feature region extraction section 601. For example, as a
distribution pattern 603 of the oxygen saturation, if a dis-
tribution pattern in which a high oxygen region 607 is
present in a low oxygen region 606 overlaps the rubor region
605, a possibility that the rubor region 605 is due to the
construction of new blood vessels by cancer tissue is high.
Therefore, by calculating the disease state score based on the
distribution pattern of the oxygen saturation in the rubor
region 605, the presence of cancer tissue and the degree of
progression can be expressed particularly accurately as a
disease state score.

In the present embodiment, the disease state score calcu-
lation section 602 sets a disease state score in a case in which
a high oxygen region having an oxygen saturation equal to
or greater than a predetermined value is present in the rubor
region 605 to be greater than a disease state score in a case
in which there is no high oxygen region in the rubor region
605. In a case in which a high oxygen region is present in
the rubor region 605, the disease state score is made to
increase as the proportion of a high oxygen region with
respect to the rubor region 605 increases. In this manner, the
degree of progression of cancer can be expressed more
clearly by the disease state score. Needless to say, the
disease state score calculation section 602 may set a disease
state score in a case in which a high oxygen region having
an oxygen saturation equal to or greater than a predeter-
mined value is present in the rubor region 605 to be smaller
than a disease state score in a case in which there is no high
oxygen region in the rubor region 605. In this case, in a case
in which a high oxygen region is present in the rubor region
605, the disease state score is made to decrease as the
proportion of a high oxygen region with respect to the rubor
region 605 increases. Also in this case, the degree of
progression of cancer can be expressed more clearly by the
disease state score.

In addition, the feature region extraction section 601 can
extract the rubor region 605 using a B2 image signal or a G2
image signal. This is because the absorption by blood
hemoglobin in a wavelength band near, for example, 420 nm
or 550 nm is large (refer to FIG. 10) and accordingly the
contrast due to absorption of hemoglobin appears largely in
the B2 image signal or the G2 image signal including the
information of the wavelength band and the presence of
blood vessels can be easily determined. Needless to say, a
B1 image signal or a G2 image signal may be used. In
addition, based on a plurality of image signals including the
R1 (R2) image signal, the rubor region 605 may be
extracted.

Although the rubor region 605 is extracted as a feature
region, an uplifted region of the observation target may also
be extracted as a feature region.

As in the first embodiment, the disease state score is input
to the image display signal generation unit 66 and is dis-
played on the monitor 18. Therefore, the second to fifth
embodiments can be used in combination with the sixth
embodiment.

[Seventh Embodiment]

As shown in FIG. 32, in a light source device 14 of an
endoscope system 700, a light emitting diode (LED) light
source unit 701 and an LED light source control unit 704 are
provided instead of the first and second blue laser light
sources 34 and 36 and the light source control unit 40. In
addition, the phosphor 44 is not provided in an illumination
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optical system 24a of the endoscope system 700. Other than
these, the endoscope system 700 is the same as the endo-
scope system 10 of the first embodiment.

The LED light source unit 701 includes an R-LED 7014,
aG-LED 7015, and a B-LED 701c¢ as light sources that emit
light limited to a specific wavelength band. As shown in
FIG. 33, the R-LED 701a emits red band light (hereinafter,
simply referred to as red light) in a red region of 600 nm to
720 nm, and the G-LED 7015 emits green band light
(hereinafter, simply referred to as green light) in a green
region of 480 nm to 620 nm. The B-LED 701¢ emits blue
band light (hereinafter, simply referred to as blue light) in a
blue region of 400 nm to 500 nm.

The LED light source unit 701 includes a high pass filter
(HPF) 702 that is removably inserted on the optical path of
the blue light emitted from the B-LED 701c¢. The high pass
filter 702 cuts blue light in a wavelength band of 450 nm or
less, and allows light in a wavelength band higher than 450
nm to be transmitted therethrough.

The cutoff wavelength (450 nm) of the high pass filter 702
is a wavelength at which the absorption coefficient of
oxygenated hemoglobin and the absorption coefficient of
reduced hemoglobin are almost equal (refer to FIG. 10), and
the absorption coeflicient of oxygenated hemoglobin and the
absorption coeflicient of reduced hemoglobin are reversed in
the order of magnitude with the cutoff wavelength as a
boundary. In the present embodiment, the correlation stored
in the correlation storage section 82 is that the absorption
coeflicient of oxygenated hemoglobin is greater than the
absorption coeflicient of reduced hemoglobin. Accordingly,
in a signal based on the wavelength band equal to or lower
than the cutoff wavelength, the signal ratio B1/G2 is lower
than the original value measured at 473 nm. This is a cause
of calculating incorrect oxygen saturation. For this reason,
when acquiring the B1 image signal for calculating the
oxygen saturation, the high pass filter 702 blocks light in a
wavelength band equal to or lower than the cutoff’ wave-
length from being emitted to the observation target.

Accordingly, the high pass filter 702 is inserted before the
B-LED 701c¢ in the special observation mode, and is
retracted to the retraction position in the normal observation
mode. The insertion and removal of the high pass filter 702
are performed by an HPF insertion and removal unit 703
under the control of the LED light source control unit 704.

The LED light source control unit 704 controls ON/OFF
of the LEDs 701a to 701¢ of the LED light source unit 701
and the insertion and removal of the high pass filter 702.
Specifically, as shown in FIG. 34, in the normal observation
mode, the LED light source control unit 704 turns on all of
the LEDs 7014 to 701¢ and removes the high pass filter 702
from the optical path of the B-LED 701c.

On the other hand, as shown in FIG. 35, in the special
observation mode, the LED light source control unit 704
inserts the high pass filter 702 on the optical path of the
B-LED 701c¢. Then, in the first frame, the B-LED 701c¢ is
turned on and the R-LED 701¢ and the G-LED 7015 are
turned off, so that blue light in which a wavelength band
equal to or lower than 450 nm has been cut is emitted to the
observation target. Then, in the second frame, all of the
R-LED 701a, the G-LED 7015, and the B-LED 701c¢ are
turned on, so that white light configured to include blue light
obtained by cutting a wavelength band equal to or lower than
450 nm from the blue light emitted from the B-LED 701c¢,
red light emitted from the R-LED 701q, and green light
emitted from the G-LED 7015 is emitted to the observation
target. In this manner, the sensor 48 outputs the B1 image
signal in the first frame, and outputs the R2 image signal, the
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G2 image signal, and the B2 image signal in the second
frame. Accordingly, subsequent processing can be pet-
formed in the same manner as in the endoscope system 10
of the first embodiment.

In the seventh embodiment, in both the first and second
frames in the special observation mode, the observation
target is imaged in a state in which the high pass filter 702
is inserted. However, the high pass filter 702 may be inserted
only in the first frame, and the high pass filter 702 may be
removed in the second frame. In addition, in the first frame
in the special observation mode, only the B-LED 701¢ is
turned on to emit only the blue light to the observation
target. However, also in the first frame, the R-LED 701a and
the G-LED 7015 may be turned on to output the R1 image
signal and the G1 image signal to the sensor 48.

[Eighth Embodiment]

As shown in FIG. 36, in a light source device 14 of an
endoscope system 800, a broadband light source 801, a
rotary filter 802, and a rotary filter control unit 803 are
provided instead of the first and second blue laser light
sources 34 and 36 and the light source control unit 40. A
sensor 805 of the endoscope system 800 is a monochrome
imaging device in which no color filter is provided. Other
than these, the endoscope system 800 is the same as the
endoscope system 10 of the first embodiment.

The broadband light source 801 is, for example, a xenon
lamp or a white LED, and emits white light having a
wavelength in a wavelength band ranging from blue to red.
The rotary filter 802 includes a normal observation mode
filter 810 and a special observation mode filter 811 (refer to
FIG. 37), and can move in a radial direction between a first
position for normal observation mode to place a normal
observation mode filter 810 on the optical path, in which the
white light emitted from the broadband light source 801 is
incident on the light guide 41, and a second position for
special observation mode to place a special observation
mode filter 811 on the optical path. The movement of the
rotary filter 802 to the first and second positions is controlled
by the rotary filter control unit 803 according to the selected
observation mode. In addition, the rotary filter 802 rotates
according to the imaging frame of the sensor 805 in a state
of being placed at the first or second position. The rotation
speed of the rotary filter 802 is controlled by the rotary filter
control unit 803 according to the selected observation mode.

As shown in FIG. 37, the normal observation mode filter
810 is provided in the inner peripheral portion of the rotary
filter 802. The normal observation mode filter 810 includes
an R filter 810a that transmits red light, a G filter 8105 that
transmits green light, and a B filter 810¢ that transmits blue
light. Therefore, when the rotary filter 802 is placed at the
first position for normal light observation mode, white light
from the broadband light source 801 is incident on one of the
R filter 810a, the G filter 8105, and the B filter 810¢
according to the rotation of the rotary filter 802. As a result,
red light, green light, and blue light are sequentially emitted
to the observation target according to the transmitted filter,
and the sensor 805 outputs sequentially an R image signal,
a G image signal, and a B image signal by imaging the
observation target with reflected light of the red light, the
green light, and the blue light.

The special observation mode filter 811 is provided in the
outer peripheral portion of the rotary filter 802. The special
observation mode filter 811 includes an R filter 811a that
transmits red light, a G filter 8115 that transmits green light,
a B filter 811¢ that transmits blue light, and a narrowband
filter 8114 that transmits narrowband light of 473£10 nm.
Therefore, when the rotary filter 802 is placed at the second
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position for normal light observation mode, white light from
the broadband light source 801 is incident on one of the R
filter 811a, the G filter 8115, the B filter 811c, and the
narrowband filter 811d according to the rotation of the rotary
filter 802. As a result, red light, green light, blue light, and
narrowband light (473 nm) are sequentially emitted to the
observation target according to the transmitted filter, and the
sensor 805 outputs sequentially an R image signal, a G
image signal, a B image signal, and a narrowband image
signal by imaging the observation target with reflected light
of the red light, the green light, the blue light, and the
narrowband light.

The R image signal and the G image signal obtained in the
special observation mode correspond to the R1 (or R2)
image signal and the G1 (or G2) image signal in the first
embodiment, respectively. In addition, the B image signal
obtained in the special observation mode corresponds to the
B2 image signal in the first embodiment, and the narrow-
band image signal corresponds to the B1 image signal.
Accordingly, subsequent processing can be performed in the
same manner as in the endoscope system 10 of the first
embodiment.

Although the oxygen saturation is calculated based on the
signal ratio B1/G2 and the signal ratio R2/G2 in the first to
eighth embodiments, it is also possible to calculate the
oxygen saturation based on only the signal ratio B1/G2. In
this case, it is preferable to store the correlation between the
signal ratio B1/G2 and the oxygen saturation in the corre-
lation storage section 82.

Although the oxygen saturation image obtained by imag-
ing the oxygen saturation is generated and displayed in the
first to eighth embodiments, a blood volume image obtained
by imaging the blood volume may be generated and dis-
played in addition to the generation and display of the
oxygen saturation image. Since the blood volume is corre-
lated with the signal ratio R2/G2, a blood volume image
obtained by imaging the blood volume can be generated by
assigning different colors according to the signal ratio
R2/G2.

In the first to eighth embodiments, the oxygen saturation
is calculated. However, instead of or in addition to the
oxygen saturation, other kinds of biological function infor-
mation, such as an oxygenated hemoglobin index that is
calculated from “blood volume (signal ratio R2/G2)xoxygen
saturation (%)” or a reduced hemoglobin index that is
calculated from “blood volumex(l-oxygen saturation)
(%)”, may be calculated.

EXPLANATION OF REFERENCES

10, 700, 800: endoscope system

18: monitor

65: evaluation unit

76: oxygen saturation image generation section
83: oxygen saturation calculation section

96: distribution pattern generation section

97, 602: discase state score calculation section
115, 125: distribution pattern

130: reference pattern

161: region of interest (designated region)

201: similar clinical data selection section

301: therapeutic effect score calculation section
401: message display control section

501: autosave control section

601: feature region extraction section
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What is claimed is:

1. An endoscope system, comprising:

a light source device that includes a plurality of light
sources emitting light having different center wave-
lengths and a light source control unit respectively
controlling the light, to irradiate an observation target;

an image sensor that images the observation target with
reflected light of the light and outputs an image signal;

a processor configured to:

calculate an oxygen saturation of the observation target
with corrected influence of dependency on blood vol-
ume based on the image signal corresponding to the
light;

acquire data of the oxygen saturation calculated for each
pixel, and generate a distribution pattern showing a
distribution of the oxygen saturation;

compare the distribution pattern with a reference pattern
that is a specific distribution shape, and calculate a
similarity between the reference pattern and the distri-
bution pattern as a disease state score indicating a
disease state of the observation target based on the
distribution pattern; and

a monitor that displays the disease state score or infor-
mation of lesion based on the disease state score.

2. The endoscope system according to claim 1,

wherein the disease state score in a case in which a high
oxygen region having the oxygen saturation equal to or
greater than a predetermined value is present in a low
oxygen region having the oxygen saturation less than
the predetermined value is greater than the disease state
score in a case in which the high oxygen region is not
present in the low oxygen region.

3. The endoscope system according to claim 2,

wherein, in a case in which the high oxygen region is
present in the low oxygen region, the disease state score
increases as a proportion of the high oxygen region
with respect to the low oxygen region increases.

4. The endoscope system according to claim 1,

wherein the disease state score in a case in which a high
oxygen region having the oxygen saturation equal to or
greater than a predetermined value is present in a low
oxygen region having the oxygen saturation less than
the predetermined value is smaller than the disease
state score in a case in which the high oxygen region is
not present in the low oxygen region.

5. The endoscope system according to claim 4,

wherein, in a case in which the high oxygen region is
present in the low oxygen region, the disease state score
decreases as a proportion of the high oxygen region
with respect to the low oxygen region increases.

6. The endoscope system according to claim 1,

wherein the reference pattern that is a specific distribution
shape is a pattern in which a high oxygen region having
the oxygen saturation equal to or greater than a prede-
termined value is present in a low oxygen region
having the oxygen saturation less than the predeter-
mined value.

7. The endoscope system according to claim 1,

wherein the processor is configured to generate the dis-
tribution pattern for a region of interest designated in
advance, and

calculate the disease state score for the region of interest.

8. The endoscope system according to claim 1,

wherein the processor is configured to compare the dis-
tribution pattern with clinical data referring to a data-
base in which a plurality of pieces of the past clinical
data are stored in advance, selects similar clinical data
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which is similar to the distribution pattern among the
pieces of clinical data, and displays the similar clinical
data on the monitor.

9. The endoscope system according to claim 8,

wherein the processor is configured to display an oxygen
saturation image included in the similar clinical data on
the monitor.

10. The endoscope system according to claim 1,

wherein the processor is configured to calculate a thera-
peutic effect score, which indicates a therapeutic effect
of a specific treatment method, based on the distribu-
tion pattern, and displays the therapeutic effect score on
the monitor.

11. The endoscope system according to claim 1,

wherein the processor is configured to, in a case in which
the disease state score is a value equal to or greater than
a specified value, associating the disease state score
with an oxygen saturation image generated based on
the image signal and the oxygen saturation and auto-
matically store them.

12. The endoscope system according to claim 1,

wherein the monitor displays the disease state score or
information of lesion based on the disease state score in
a case in which the disease state score is equal to or
greater than a specific value.

13. The endoscope system according to claim 1,

wherein the processor is configured to extract a feature
region of the observation target based on the image
signal, and

wherein the processor is configured to calculate the dis-
ease state score based on the distribution pattern of the
feature region.

14. The endoscope system according to claim 13,

wherein the processor is configured to extract the feature
region based on a blue image signal obtained from a
blue pixel of the image sensor or a green image signal
obtained from a green pixel of the image sensor.

15. The endoscope system according to claim 13,

wherein the feature region is a rubor region, and

the disease state score in a case in which a high oxygen
region having the oxygen saturation equal to or greater
than a predetermined value is present in the rubor
region is greater than the disease state score in a case
in which the high oxygen region is not present in the
rubor region.

16. The endoscope system according to claim 14,

wherein the feature region is a rubor region, and

the disease state score in a case in which a high oxygen
region having the oxygen saturation equal to or greater
than a predetermined value is present in the rubor
region is greater than the disease state score in a case
in which the high oxygen region is not present in the
rubor region.

17. The endoscope system according to claim 15,

wherein, in a case in which the high oxygen region is
present in the rubor region, the disease state score
increases as a proportion of the high oxygen region
with respect to the rubor region increases.

18. The endoscope system according to claim 16,

wherein, in a case in which the high oxygen region is
present in the rubor region, the disease state score
increases as a proportion of the high oxygen region
with respect to the rubor region increases.

19. The endoscope system according to claim 13,

wherein the feature region is a rubor region, and

the disease state score in a case in which a high oxygen
region having the oxygen saturation equal to or greater
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than a predetermined value is present in the rubor
region is smaller than the disease state score in a case
in which the high oxygen region is not present in the
rubor region.
20. The endoscope system according to claim 14,
wherein the feature region is a rubor region, and
the disease state score in a case in which a high oxygen
region having the oxygen saturation equal to or greater
than a predetermined value is present in the rubor
region is smaller than the disease state score in a case
in which the high oxygen region is not present in the
rubor region.
21. The endoscope system according to claim 19,
wherein, in a case in which the high oxygen region is
present in the rubor region, the disease state score
decreases as a proportion of the high oxygen region
with respect to the rubor region increases.
22. The endoscope system according to claim 20,
wherein, in a case in which the high oxygen region is
present in the rubor region, the disease state score
decreases as a proportion of the high oxygen region
with respect to the rubor region increases.
23. The endoscope system according to claim 1,
wherein the processor is configured to monitor the disease
state score and displays a message corresponding to the
disease state score on the monitor.
24. A processor device for an endoscope system including
a light source device that includes a plurality of light sources
emitting light having different center wavelengths and a
light source control unit respectively controlling the light, to
irradiate an observation target, an image sensor for imaging
the observation target with reflected light of the light and
outputting an image signal, and a monitor, the processor
device configured to:
calculate an oxygen saturation of the observation target
with corrected influence of dependency on blood vol-
ume based on the image signal corresponding to the
light;
acquire data of the oxygen saturation calculated for each
pixel, and generate a distribution pattern showing a
distribution of the oxygen saturation; and
compare the distribution pattern with a reference pattern
that is a specific distribution shape, and calculate a
similarity between the reference pattern and the distri-
bution pattern as a disease state score indicating a
disease state of the observation target based on the
distribution pattern.
25. The processor device for an endoscope system accord-
ing to claim 24, the processor device further configured to:
extract a feature region of the observation target based on
the image signal,
wherein the processor is configured to calculate the dis-
ease state score based on the distribution pattern of the
feature region.

28

26. An operation method for an endoscope system for
operating the endoscope system according to claim 1 includ-
ing a light source device that includes a plurality of light
sources emitting light having different center wavelengths

5 and a light source control unit respectively controlling the
light, to irradiate an observation target, an image sensor for
imaging the observation target with reflected light of the
light and outputting an image signal, and a monitor, the
operation method comprising:

a step of calculating an oxygen saturation of the obser-
vation target with corrected influence of dependency on
blood volume based on the image signal corresponding
to the light;

a step of acquiring data of the oxygen saturation calcu-
lated for each pixel, and generating a distribution
pattern showing a distribution of the oxygen saturation;

a step of comparing the distribution pattern with a refer-
ence pattern that is a specific distribution shape, and
calculating a similarity between the reference pattern
and the distribution pattern as a disease state score
indicating a disease state of the observation target
based on the distribution pattern; and

a step of displaying the disease state score or information
of lesion based on the disease state score.

10
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27. The operation method for an endoscope system
according to claim 26, further comprising:
a step of extracting a feature region of the observation
target based on the image signal,
30

wherein, in the step of calculating the disease state score,
the disease state score is calculated based on the
distribution pattern of the feature region.

28. An operation method for the processor device accord-
ing to claim 24 for processing an image signal obtained by
imaging an observation target, the operation method com-
prising:

35

a step of calculating an oxygen saturation of the obser-
vation target based on the image signal;

a step of generating a distribution pattern showing a
distribution of the oxygen saturation; and

40

a step of calculating a disease state score indicating a
disease state of the observation target based on the
distribution pattern.

29. The operation method for a processor device accord-

ing to claim 28, further comprising:

45

a step of extracting a feature region of the observation
target based on the image signal,

wherein, in the step of calculating the disease state score,
the disease state score calculation unit calculates the
disease state score based on the distribution pattern of
the feature region.
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