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(57) ABSTRACT

An endoscope system includes a light source unit, an image
sensor, an image acquisition unit, a first image generation
unit, a second image generation unit, and a region discrimi-
nation unit. The light source unit emits a plurality of types
of illumination light beams with different wavelengths. The
image acquisition unit acquires images corresponding to the
respective illumination light beams. The first image genera-
tion unit generates a first image (white light image) serving
as a base of a display image. The second image generation

(51) Imt. CL unit generates a second image (bright/dark region discrimi-
A61B 5/1455 (2006.01) nation image or the like), using at least one image having a
HO4N 5/235 (2006.01) different corresponding wavelength from that of the image
HO4N 9/04 (2006.01) used for the generation of the first image. The region
GO6T 7/00 (2006.01) discrimination unit discriminates the regions in the obser-
GO6T 5/00 (2006.01) vation target, using the second image.
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ENDOSCOPE SYSTEM, PROCESSOR
DEVICE, AND METHOD OF OPERATING
ENDOSCOPE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2018/006473 filed on 22 Feb.
2018, which claims priority under 35 U.S.C § 119(a) to
Japanese Patent Application No. 2017-033980 filed on 24
Feb. 2017. The above application is hereby expressly incor-
porated by reference, in its entirety, into the present appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an endoscope
system, a processor device, and a method of operating an
endoscope system that discriminate some regions of an
observation target.

2. Description of the Related Art

[0003] In the medical field, it is general to perform diag-
nosis, using endoscopic systems including a light source
device, an endoscope, and a processor device. Particularly,
in recent years, endoscope systems that discriminate some
regions of an observation target are known. For example,
endoscope systems described in JP2016-019665A (corre-
sponding to U.S. Pat. No. 10,194,783B2), JP2016-016185A
(corresponding to US2017/112355A1), and JP2012-
192051A (corresponding to U.S. Pat. No. 9,165,370B2)
discriminates regions on which mucous membrane profiles,
dark parts, specular reflection, bubbles, or residues are
reflected.

[0004] Additionally, an endoscope system, which switches
observation modes in conformity with the features or the
like of the regions to observe, is known (JP2016-131837A).
In addition, in medical images, such as a computed tomog-
raphy (CT) image, it is known that regions are discriminated
on the basis of the shape of a histogram showing the
frequency of appearance of pixel values for every region
(JP5854561B (corresponding to U.S. Pat. No. 9,161,
734B2)).

SUMMARY OF THE INVENTION

[0005] Discriminating (hereinafter referred to as region
discrimination) regions having specific features in endo-
scope images have been performed from the past. However,
depending on the features of regions to discriminate, the
situations of observation targets, or the like, robustness may
be low, and the regions may be erroneously discriminated.
For example, in a case where an attempt to discriminate a
region with a residual liquid is made in order to distinguish
amucous membrane and the residual liquid from each other,
the discrimination is difficult and a region with the residual
liquid cannot be correctly discriminated, in a case where the
residual liquid is thin, or the profile of a discriminated region
may be inaccurate even in a case where the region with the
residual liquid can be discriminated to some extent. In a case
where a histogram is used for the region discrimination,
more accurate results than discrimination methods for other
regions are easily obtained. However, even in the region
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discrimination using the histogram, the region discrimina-
tion of distinguishing the mucous membrane and the
residual liquid as described above may be difficult, which
may lead to inaccurate results.

[0006] Additionally, in a case where an observation mode
in which tissue or structure having specific features or the
like can be enhanced and observed is prepared, the discrimi-
nation accuracy of a region having the tissue, structure, or
the like having the specific features or structure is improved.
However, in a case where an observation mode is provided,
the prepared observation mode is basically specialized in
identification of one type of specific tissue or structure.
Thus, it is difficult to simultaneously and accurately dis-
criminate a plurality of regions having different features
from one image acquired and displayed in the prepared
observation mode.

[0007] An object of the present invention is to provide an
endoscope system, a processor device, and a method of
operating an endoscope system that can substantially simul-
taneously and accurately discriminate a plurality of regions
having different features.

[0008] An endoscope system of the invention comprises a
light source unit, an image sensor, an image acquisition unit,
a first image generation unit, a second image generation unit,
and a region discrimination unit. The light source unit emits
a plurality of types of illumination light beams with different
wavelengths. The image sensor images an observation tar-
get, using the respective illumination light beams, and the
image acquisition unit that acquires images corresponding to
the respective illumination light beams. The first image
generation unit generates a first image serving as a base of
a display image to be displayed on a display unit, using any
of the images acquired by the image acquisition unit. The
second image generation unit generates a second image,
using at least one image having a different corresponding
wavelength from the image used for the generation of the
first image among the images acquired by the image acqui-
sition unit. The region discrimination unit that discriminates
a region in the observation target, using the second image.
[0009] It is preferable that the endoscope system further
comprises an ethancement processing unit that generates the
display image in which at least one region among the regions
discriminated by the region discrimination unit is enhanced,
using the first image.

[0010] It is preferable that the second image generation
unit generates the second image, using at least one of the
images acquired at different timings from that of the image
to be used for the generation of the first image among the
images corresponding to the respective illumination light
beams.

[0011] It is preferable that the image sensor has a plurality
of color filters with different colors, and the image acquisi-
tion unit acquires the image for each of the illumination light
beams and for each of the color filters, in a case where the
observation target is imaged using the illumination light
beams.

[0012] Tt is preferable that the second image generation
unit generates the second image using one or a plurality of
the images.

[0013] It is preferable that the region discrimination unit
discriminates any one or more among a region that is a dark
part of the observation target, a halation region, a region
with blood vessels, or a region to which a residue or a
residual liquid is adhered.
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[0014] The endoscope system further comprises a region
discrimination setting unit that sets the type of the regions to
be discriminated by the region discrimination unit; and a
light source control unit that controls the type of the illu-
mination light beams to be emitted in accordance with the
type of the regions set by the region discrimination setting
unit.

[0015] It is preferable that the second image generation
unit generates a plurality of the mutually different second
images, and the region discrimination unit discriminates a
different type of region for each of the second images.

[0016] It is preferable that, in a case where the region
discrimination unit discriminates a plurality of regions, the
enhancement processing unit generates the display image by
changing an enhancement method for every region discrimi-
nated by the region discrimination unit.

[0017] It is preferable that the endoscope system further
comprises a support information calculation unit that calcu-
lates information for supporting diagnosis about the regions
discriminated by the region discrimination unit.

[0018] A processor device of the invention is a processor
device for an endoscope system including a light source unit
and an image sensor, and comprises an image acquisition
unit, a first image generation unit, a second image generation
unit, and a region discrimination unit. The light source unit
emits a plurality of types of illumination light beams with
different wavelengths. The image sensor images an obser-
vation target, using the respective illumination light beams.
The image acquisition unit acquires images corresponding to
the respective illumination light beams. The first image
generation unit generates a first image serving as a base of
a display image to be displayed on a display unit, using any
of the images acquired by the image acquisition unit. The
second image generation unit generates a second image,
using at least one image having a different corresponding
wavelength from the image used for the generation of the
first image among the images acquired by the image acqui-
sition unit. The region discrimination unit that discriminates
a region in the observation target, using the second image.

[0019] A method of operating an endoscope system of the
invention comprises a step of emitting a plurality of types of
illumination lights with different wavelengths, by a light
source. The method of operating an endoscope system of the
invention comprises a step of imaging an observation target,
using the respective illumination light beams, by an image
sensor. The method of operating an endoscope system of the
invention comprises a step of acquiring images correspond-
ing to the respective illumination light beams by an image
acquisition unit. The method of operating an endoscope
system of the invention comprises a step of generating a first
image serving as a base of a display image to be displayed
on a display unit, using any of the images acquired by the
image acquisition unit, by a first image generation unit. The
method of operating an endoscope system of the invention
comprises a step of generating a second image, using at least
one image having a different corresponding wavelength
from that of the image used for the generation of the first
image among the images acquired by the image acquisition
unit, by a second image generation unit. Additionally, the
method of operating an endoscope system of the invention
comprises a step of discriminating the regions in the obser-
vation target using the second image, by a region discrimi-
nation unit.
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[0020] According to the endoscope system, the processor
device, and the method of operating an endoscope system of
the invention, a plurality of regions having different features
can be substantially simultaneously and accurately discrimi-
nated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is an external view of an endoscope system.
[0022] FIG. 2 is a block diagram of the endoscope system.
[0023] FIG. 3 is a graph illustrating characteristics of color
filters.

[0024] FIG. 4 is a block diagram of an image processing
unit.

[0025] FIG. 5 is a flowchart illustrating the operation of

the endoscope system.

[0026] FIG. 6 is an explanatory view illustrating a corre-
spondence relationship between illumination light beams
and images to be acquired.

[0027] FIG. 7 illustrates a white light image (first image).
[0028] FIG. 8 illustrates a bright/dark region discrimina-
tion image (second image).

[0029] FIG. 9 illustrates a blood vessel region discrimi-
nation image (second image).

[0030] FIG. 10 illustrates a residual liquid region discrimi-
nation image (second image).

[0031] FIG. 11 illustrates a display image.
[0032] FIG. 12 illustrates another display image.
[0033] FIG. 13 is a block diagram of the image processing

unit provided with a diagnosis support information calcula-
tion unit.

[0034] FIG. 14 is a schematic view of a capsule endo-
scope.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0035] As illustrated in FIG. 1, an endoscope system 10

comprises an endoscope 12, a light source device 14, a
processor device 16, a monitor 18, and a console 19. The
endoscope 12 images an observation target. The light source
device 14 generates illumination light. The processor device
16 performs system control, image processing, and the like
of the endoscope system 10. The monitor 18 is a display umt
that displays a display image (hereinafter, referred to as a
display image 121, refer to FIG. 11) generated by the
processor device 16. The console 19 is an input device that
performs setting input and the like to the processor device 16
and the like.

[0036] The endoscope 12 has an insertion part 12a to be
inserted into a subject, an operating part 125 provided at a
proximal end portion of the insertion part 12a, a bending
part 12¢ provided on a distal end side of the insertion part
124, and a distal end part 12d. By operating an angle knob
12e of the operating part 125, the bending part 12¢ is bent.
As the bending part 12¢ is bent, the distal end part 124 is
directed in a desired direction. In addition, the distal end part
124 is provided with a jet port (not illustrated) that jets air,
water, or the like toward the observation target. Additionally,
the operating part 126 is provided with a zoom operating
part 13 in addition to the angle knob 12e. By operating of the
zoom operating part 13, the observation target can be
enlarged or reduced for imaging.
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[0037] As illustrated in FIG. 2, the light source device 14
comptises a light source unit 20 that emits the illumination
light, and a light source control unit 22 that controls driving
of the light source unit 20.

[0038] The light source unit 20 comprises. for example, a
plurality of light emitting diodes (LEDs) that emit light
having different central wavelengths or wavelength ranges
(hereinafter, simply referred to as “having different wave-
lengths”™) as light sources, and a plurality of type of illumi-
nation light beams having different wavelengths can be
emitted depending on light emission or turn-on of the
respective LEDs, adjustment of light quantity, or the like.
For example, the light source unit 20 is capable of emitting
broadband purple light, blue light, green light, and red light
with relatively wide wavelength ranges as the illumination
light beams, respectively. Particularly, the light source unit
20 is capable of emitting narrowband (means that the
wavelength range is a range of about 10 nm to 20 nm) purple
light, blue light, green light, and red light as the illumination
light beams, in addition to the broadband purple light, blue
light, green light, and red light. More specifically, the light
source unit 20 is capable of emitting narrowband purple
light with a central wavelength of about 400 nm, first
narrowband blue light with a central wavelength of about
450 nm, second narrowband blue light with a central wave-
length of about 470 nm, narrowband green light with a
central wavelength of about 540 nm, and narrowband red
light with a central wavelength of about 640 nm, as the
illumination light beams. In addition, the light source unit 20
is capable of emitting white light as an illumination light
beam by combining the broadband or narrowband purple
light, blue light, green light, and red light with each other.
Additionally, in the present embodiment, there is a case
where the light source unit 20 emits narrowband mixed light
formed by the first narrowband blue light, the narrowband
green light, and the narrowband red light as an illumination
light beam.

[0039] In addition, instead of the LEDs, a combination of
a laser diode (LD), a fluorescent body, and a band limiting
filter, a combination of a lamp, such as a xenon lamp, and a
band limiting filter, or the like can be used for the light
source unit 20. It is natural that, even in a case where the
LEDs constitute the light source unit 20, the fluorescent
body or the band limiting filter can be used in combination
with the LEDs.

[0040] The light source control unit 22 independently
controls the timing of ON/OFF of the respective light
sources that constitute the light source unit 20, the light
emission amount thereof at the time of ON, and the like. As
a result, the light source unit 20 is capable of emitting the
plurality of types of illumination light beams with different
wavelengths. Additionally, the light source control unit 22
controls the light source unit 20 in conformity with timing
(so-called frame) for imaging of an image sensor 48. In the
present embodiment, the light source unit 20 sequentially
and repeatedly emits the white light, the narrowband purple
light, the second narrowband blue light, and the narrowband
mixed light as the illumination light beams, respectively, in
conformity with imaging frames of the image sensor 48 by
the control of the light source control unit 22.

[0041] Additionally, the light source control unit 22 con-
trols the types of the illumination light emitted from the light
source unit 20 in accordance with the type, number. and the
like of regions for region discrimination. Accordingly, the
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light source control unit 22 suppresses the number of
imaging frames required for the region discrimination to a
requisite minimum. Specifically, the endoscope system 10
discriminates at least any one or more of a region (herein-
after, a dark part region 102, refer to FIG. 7) that is a dark
part of the observation target, a halated region (hereinafter,
referred to as a halation region, not illustrated), a region
(hereinafter, referred to as a residual liquid region 104, refer
to FIG. 7) to which a residue or the residual liquid has
adhered, or a region with blood vessels (hereinafter, referred
to as a blood vessel region 103, refer to FIG. 7). As a result,
in the endoscope system 10, a region where mucous mem-
branes are photographed, and the above dark part region
102, halation region, residual liquid region 104, or blood
vessel region 103 are distinguished from each other. In the
present embodiment, all the above respective regions are
discriminated from each other. Therefore, in the present
embodiment, as for the light source control unit 22, the type
of illumination light in which the light source unit 20 emits
light one by one is set in white light, narrow-band purple
light, the second narrow-band blue light, and narrow-band
mixture light.

[0042] Theillumination light emitted from the light source
unit 20 is incident on a light guide 41. The light guide 41 is
built within the endoscope 12 and a universal cord, and
propagates the illumination light up to the distal end part 124
of the endoscope 12. The universal cord is a cord that
connects the endoscope 12, and the light source device 14
and the processor device 16 together. In addition, multi-
mode fiber can be used as the light guide 41. As an example,
a fine-diameter fiber cable of which the core diameter is 105
um, the clad diameter is 125 um, and a diameter including
a protective layer serving as an outer cover is $0.3 to 0.5 mm
can be used.

[0043] The distal end part 12d of the endoscope 12 is
provided with an illumination optical system 30a and an
imaging optical system 305. The illumination optical system
304 has an illumination lens 45, and emits the illumination
light toward the observation target via the illumination lens
45. The imaging optical system 305 has an objective lens 46,
a zoom lens 47, and an image sensor 48. The image sensor
48 images the observation target, using reflected light or the
like (including scattered light, fluorescence emitted from the
observation target, fluorescence resulting from medicine
administered to the observation target, or the like in addition
to the reflected light) of the illumination light returning from
the observation target via the objective lens 46 and the zoom
lens 47. The zoom lens 47 is moved by operating the zoom
operating part 13, and enlarges or reduces the observation
target to be imaged using the image sensor 48.

[0044] The image sensor 48 has a plurality of color filters
with different colors. The image sensor 48 is, for example,
a color sensor having color filters of a primary color system,
and comprises three types of pixels of a B pixel (blue pixel)
having a blue color filter, a G pixel (green pixel) having a
green color filter, and an R pixel (red pixel) having a red
color filter. As illustrated in FIG. 3, the blue color filter
allows mainly purple to blue light to be transmitted there-
through. The green color filter allows mainly green light to
be transmitted through. The red color filter allows mainly
red light to be transmitted therethrough. In a case where the
observation target of the primary color system is imaged
using the image sensor 48 as described above, three types of
images including a B image (blue image) obtained from the
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B pixel, a G image (green image) obtained from the G pixel,
and an R image (red image) obtained from the R pixel can
be simultaneously obtained to the maximum.

[0045] In addition, as the image sensor 48, a charge
coupled device (CCD) image sensor or a complementary
metal-oxide semiconductor (CMOS) image sensor is avail-
able. Additionally, although the image sensor 48 of the
present embodiment is the color sensor of the primary color
system, a color sensor of a complementary color system can
also be used. The color sensor of the complementary color
system has, for example, a cyan pixel provided with a cyan
color filter, a magenta pixel provided with a magenta color
filter, a yellow pixel provided with a yellow color filter, and
a green pixel provided with a green color filter. Images
obtained from the above respective color pixels in a case
where the color sensor of the complementary color system
is used can be converted into the B image, the G image, and
the R image in a case where complementary color-primary
color conversion is performed. Additionally, instead of the
color sensor, a monochrome sensor that is not provided with
the color filters can be used as the image sensor 48. In this
case, the above respective color images can be obtained by
sequentially imaging the observation target, using the
respective illumination light beams in colors, such as BGR.
[0046] The processor device 16 has a control unit 52, an
image acquisition unit 54, an image processing unit 61, and
a display control unit 66.

[0047] The processing unit 52 performs overall control of
the endoscope system 10, such as synchronous control
between radiation timing of the illumination light and timing
of the imaging. In a case where it additionally sets a type,
number, or the like of regions which carry out region
discrimination using console 19 or the like, as for the control
unit 52, the setting is input to the light source control unit 22.
[0048] The image acquisition unit 54 acquires an image of
the observation target from the image sensor 48. In the
present embodiment, the image sensor 48 has the color
filters. Thus, the image acquisition unit 54 acquires an image
for each illumination light beam and for each color filter.
That is, using one arbitrary illumination light, an image
sensor 48 will acquire 1 time of a plurality of images to
which the image acquisition unit 54 corresponded to the
color of each color filter for an observation target, in a case
where it images.

[0049] The image acquisition unit 54 has a digital signal
processor (DSP) 56, a noise reduction unit 58, and a con-
verting unit 59, and performs various kinds of processing on
an acquired image, as needed, using these units.

[0050] The DSP 56 performs various kinds of processing,
such as defect correction processing, offset processing, gain
correction processing, linear matrix processing, gamma con-
version processing, demosaicing processing, and YC con-
version processing, on the acquired image, as needed.
[0051] The defect correction processing is the processing
of correcting the pixel value of a pixel corresponding to a
defective pixel of the image sensor 48. The offset processing
is the processing of reducing a dark current component from
the images subjected to the defect correction processing, and
setting an accurate zero level. The gain correction process-
ing is the processing of adjusting a signal level of each
image by multiplying the images subjected to the offset
processing by a gain. The linear matrix processing is the
processing of enhancing color reproducibility on the images
subjected to the offset processing, and the gamma conver-
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sion processing is the processing of adjusting the brightness
and saturation of the images after the linear matrix process-
ing. The demoisaicing processing (also referred to as equal-
ization processing or synchronization processing) is the
processing of interpolating the pixel value of a missing
pixel, and is performed on the images after the gamma
conversion processing. The missing pixel is a pixel with no
pixel value due to the arrangement of the color filters
(because other color pixels are disposed in the image sensor
48). For example, since the B image is an image obtained by
imaging the observation target in the B pixel, there is no
pixel value in pixels at positions corresponding to the G
pixel and the R pixel. In the demosaicing processing, the
pixel values of the pixels at the positions of the G pixel and
the R pixel of the image sensor 48 are generated by
interpolating the B image. The YC conversion processing is
the processing of converting the images after the demosaic-
ing processing into a luminance channel Y, a color difference
channel Cb, and a color difference channel Cr.

[0052] The noise reduction unit 58 performs noise reduc-
tion processing using, for example, a moving average
method, a median filter method, or the like, on the luminance
channel Y, the color difference channel Cb, and the color
difference channel Cr. The converting unit 59 re-converts the
luminance channel Y, the color difference channel Cb, and
the color difference channel Cr after the noise reduction
processing into images in respective colors of BGR.
[0053] The image processing unit 61 generates a display
image 121 to be displayed on the monitor 18, using the
images acquired by the image acquisition unit 54. For this
reason, as illustrated in FIG. 4, the image processing unit 61
comprises a first image generation unit 81, a second image
generation unit 82, a region discrimination setting unit 83, a
region discrimination unit 84, and an enhancement process-
ing unit 86.

[0054] A first image generation unit 81 generates a first
image, using any of the images acquired by the image
acquisition unit 54. The first image is an image serving as a
base of the display image 121 to be displayed on the monitor
18 that is the display unit. In the present embodiment, the
first image a natural-color white light image 101 (refer to
FIG. 7) obtained by imaging the observation target, using the
white light for the illumination light. In addition, in a case
where the first image is generated, the first image generation
unit 81 performs color conversion processing, color
enhancement processing, and structure enhancement pro-
cessing on the images acquired by the image acquisition unit
54, as needed. In the color conversion processing, 3x3
matrix processing, gradation transformation processing,
three-dimensional look-up table (LUT) processing, and the
like are performed on the images in the respective colors of
BGR. The color enhancement processing is the processing
of enhancing the colors of an image, and the structure
enhancement processing is the processing of enhancing, for
example, the tissue or structure of the observation target,
such as blood vessels or pit patterns.

[0055] The second image generation unit 82 generates the
second image that is different from the first image among the
images which the image acquisition unit 54 acquired using
1 or a plurality of images. More specifically, the second
image generation unit 82 generates the second, using at lease
one image with a different wavelength, corresponding to the
image used for the generation of the first image, among the
images acquired by the image acquisition unit 54, The
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second image is a region discrimination image to be used for
the region discrimination performed by the region discrimi-
nation unit 84. The “different from the first image” basically
means that the image to be used for the generation of the
second image by the second image generation unit 82 is
different from the image to be used for the generation of the
first image by the first image generation unit 81 in terms of
type, number, or combination. That is, the second image is
an image substantially different from the first image in terms
of the distinguishability of the tissue, structure, or the like of
the observation target in a case where the type, number, or
combination of images to be used differs. For example, in a
case where the first image generation unit 81 generates the
first image using three kinds of images, 1 or the image which
uses and is generated is the second image about an image
different from these. An image obtained by performing
processing, such as the structure enhancement processing,
on one type of image selected from the three types of images
to be used for the generation of the first image or one type
of image selected from the images to be used for the first
image is also the second image. An image generated by
performing operation or the like using two types of images
of the three types of images to be used for the generation of
the first image, an image generated by performing operation
or the like after a separate image is further added to the three
types of images to be used for the generation of the first
image, or the like is also the second image.

[0056] In the present specification, the “second image
different from the first image” also includes an image
generated by performing operation using the images to be
used for the generation of the first image, an image obtained
by changing the importance of various kinds of processing
for the images to be used for the generation of the first
image, or the like, even in a case where the first image
generation unit 81 uses the same images as the images to be
used for the generation of the first image in terms of type,
number, and combination. This is because these images are
also structure different from the first image in terms of the
distinguishability of the tissue, structure, or the like of the
observation target.

[0057] The second image generation unit 82 generates one
or a plurality of the second images on the basis of settings
for the region discrimination. The settings for the region
discrimination are, specifically, the types or the like of
regions to be discriminated, and the region discrimination
setting unit 83 performs the settings for the region discrimi-
nation on the basis of input using the input device, such as
the console 19.

[0058] The region discrimination setting unit 83 sets the
type, light quantity, and light-emitting order, and the like of
the illumination light in accordance with the types of regions
to be discriminated in a case where the types of regions to
be discriminated are set. Hereinafter, the settings for the
region discrimination includes the type, light quantity, light-
emitting order, and the like of the illumination light to be
secondarily set in accordance with the types of regions to be
discriminated, in addition to the types of regions to be
discriminated. The region discrimination setting unit 83 is
capable of respectively and individually setting whether or
not the region discrimination is performed on the dark part
region 102, the halation region, the blood vessel region 103,
or the residual liquid region 104. Hence, the second image
generation unit 82 selectively generates the second image to
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be used for the region discrimination on the basis of the
settings for the region discrimination.

[0059] In the present embodiment, the settings for the
region discrimination are settings in which all the dark part
region 102, the halation region, the residual liquid region
104, and the blood vessel region 103 are discriminated from
each other. For this reason, the second image generation unit
82 generates an image (hereinafter referred to as a bright/
dark region discrimination image 112, refer to FIG. 8) for
discriminating the dark part region 102 and the halation
region from each other, an image (hereinafter, referred to as
ablood vessel region discrimination image 113, refer to FIG.
9) for discriminating the blood vessel region 103, and an
image (hereinafter referred to as a residual liquid region
discrimination image 114, refer to FIG. 10) for discriminat-
ing the residual liquid region 104.

[0060] The bright/dark region discrimination image 112 is
an image in which the brightness and dankness of the
observation target is clear as compared to the first image.
The second image generation unit 82 generates the bright/
dark region discrimination image 112, for example, by
operating the images to be used for the generation of the first
image. In this case. the bright/dark region discrimination
image 112 is generally an image in which the distribution of
the luminance of the first image is enhanced.

[0061] The residual liquid region discrimination image
114 is an image in which the presence or absence, the profile,
and the like of the residue and the residual liquid are made
clear as compared to the first image. The second image
generation unit 82 generates the residual liquid region
discrimination image 114, for example, by using at least one
image that is different from the images to be used for the
generation of the first image and is acquired at a timing
different from that of the images to be used for the genera-
tion of the first image.

[0062] The blood vessel region discrimination image 113
is an image in which the presence or absence, profile, and the
like of specific blood vessels (blood vessels present in an
extreme surface layer of the mucous membrane in the
present embodiment) are made clear as compared to the first
image. The second image generation unit 82 generates the
blood vessel region discrimination image 113, for example,
by using an image that is different from the images to be
used for the generation of the first image and is acquired
from a timing different from that of the images to be used for
the generation of the first image.

[0063] All the bright/dark region discrimination image
112, the blood vessel region discrimination image 113, and
the residual liquid region discrimination image 114 are the
second images, and are respectively different from the first
image in terms of the type, number, or combination of the
images to be used for the generation or the operation, the
importance of processing, or the like during generation.
Additionally, the bright/dark region discrimination image
112, the blood vessel region discrimination image 113, and
the residual liquid region discrimination image 114 are
different from each other in terms of the type, number, or
combination of the images to be used for the generation or
the operation, the importance of processing, or the like
during generation. For this reason, the second image gen-
eration unit 82 generates a plurality of mutually different
second images including the bright/dark region discrimina-
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tion image 112, the blood vessel region discrimination
image 113, and the residual liquid region discrimination
image 114.

[0064] In addition, the region discrimination setting unit
83 also inputs the settings for the region discrimination to
the control unit 52. Then, control unit 52 inputs the settings
for the region discrimination to the light source control unit
22. As a result, the light source control unit 22 controls the
type, light quantity, light-emitting order, and the like of the
illumination light emitted from the light source unit 20 in
accordance with the types of the regions set by the region
discrimination setting unit 83.

[0065] The region discrimination unit 84 discriminates
regions having specific features in the observation target,
using the second image. The discrimination of the respective
regions is performed, for example, by utilization of the
shapes of a histogram showing the appearance frequency of
pixel values, the comparison between preset threshold val-
ues and the pixel values, or the like. More specifically, the
region discrimination unit 84 discriminates any one or more
of the dark part region 102, the halation region, the blood
vessel region 103, or the residual liquid region 104 on the
basis of the settings for the region discrimination. In a case
where the dark part region 102 or the halation region is
discriminated, the region discrimination unit 84 uses bright/
dark region discrimination image 112 having dark parts and
halation clearer than the first image. In a case where the
blood vessel region 103 is discriminated, the region dis-
crimination unit 84 uses blood vessel region discrimination
image 113 having blood vessels clearer than the first image.
Similarly, in a case where the residual liquid region 104 is
discriminated, the region discrimination unit 84 uses the
residual liquid region discrimination image 114 having the
residue and the residual liquid clearer than the first image.
That is, in a case where the region discrimination unit 84
discriminates a plurality of regions having different features,
the second image generation unit 82 generates a plurality of
mutually different second images, and the region discrimi-
nation unit 84 discriminates different types of regions for
each of the second images.

[0066] The enhancement processing unit 86 generates the
display image 121 in which at least one region of the regions
discriminated by the region discrimination unit 84 is
enhanced, using the first image. Particularly, in the present
embodiment, the enhancement processing unit 86 generates
the display image 121 by changing an enhancement method
for each of the regions discriminated by the region discrimi-
nation unit 84. The “changing an enhancement method”
means changing the type of processing to be performed for
each discriminated region or changing the importance of the
processing for each discriminated region in a case where
tissue or structure present within the regions discriminated
by performing frequency enhancement processing, edge
enhancement processing, coloration processing, or the like,
or the whole discriminated region is improved in distin-
guishability compared to other regions, such as the mucous
membrane.

[0067] The display control unit 66 acquires the display
image 121 from the image processing unit 61, and converts
the acquired display image 121 in a format suitable for
display to sequentially output and display the converted
display image 121 on the monitor 18. Accordingly, a doctor
or the like can observe the observation target, the display
image 121.
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[0068] Next, a flow of the operation of the endoscope
system 10 will be described along a flowchart illustrated in
FIG. 5. In a case where the endoscope system 10 is used,
first, the settings for the region discrimination are performed
using the console 19 or the like (S11). In the present
embodiment, all the dark part region 102, the halation
region, the blood vessel region 103, and the residual liquid
region 104 are effectively set, and the type, light quantity,
light-emitting order, and the like of the illumination light for
discriminating these respective regions are set.

[0069] As a result, in a case where the observation target
is imaged using the endoscope 12 (S12), as illustrated in
FIG. 6, in a first frame, the image acquisition unit 54
acquires an image (hereinafter, referred to as a Bl image
obtained from the B pixel using the white light for the
illumination light, an image (hereinafter, referred to as a G1
image) obtained from the G pixel using the white light from
the illumination light, and an image (hereinafter, referred to
as an R1 image) obtained from the R pixel using the white
light from the illumination light. Next, in a second frame, the
image acquisition unit 54 acquires an image (hereinafter,
referred to as a B2 image) obtained from the B pixel using
the narrowband purple light for the illumination light, an
image (hereinafter, referred to as a G2 image) obtained from
the G pixel using the narrowband purple light for the
illumination light, and an image (hereinafter, referred to as
an R2 image) obtained from the R pixel using the narrow-
band purple light for the illumination light. Next, in the next
third frame, the image acquisition unit 54 acquires an image
(hereinafter, referred to as a B3 image) obtained from the B
pixel using the second narrowband blue light for the illu-
mination light, an image (hereinafter, referred to as a G3
image) obtained from the G pixel using the second narrow-
band blue light for the illumination light, and an image
(hereinafter, referred to as an R3 image) obtained from the
R pixel using the second narrowband blue light for the
illumination light. Thereafter, in a fourth frame, the image
acquisition unit 54 acquires an image (hereinafter, referred
to as a B4 image) obtained from the B pixel using the
narrowband mixed light for the illumination light, an image
(hereinafter, referred to as a G4 image) obtained from the G
pixel using the narrowband mixed light for the illumination
light, and an image (hereinafter, referred to as an R4 image)
obtained from the R pixel using the narrowband mixed light
for the illumination light.

[0070] As described above, in a case where the observa-
tion target is imaged and the various images are acquired, the
first image generation unit 81 generates the white light
image 101 that is the first image, using the B1 image, the G1
image, and the R1 image, which are obtained in the first
frame (S13). As illustrated in FIG. 7, since the white light
image 101 is mostly easily observed in that a doctor or the
like that displays the observation target in natural color is
most familiar with the white light image 101, the white light
image 101 is an optimal image for the base of the display
image 121. However, it is difficult to observe the observation
target because the back of the lumen where the illumination
light is difficult to reach becomes the dark part region 102.
Additionally, a boundary between a dark part and a bright
part is also obscure, and it is difficult to discriminate the dark
part region 102 at least in the boundary. Additionally, in the
white light image 101, there is also a case where the blood
vessel region 103 in which the blood vessels present in the
extreme surface layer of the mucous membrane are present
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can be discriminated. However, it is basically difficult to
observe the blood vessels of the blood vessel region 103.
Moreover, in the white light image 101, there is also a case
where the residual liquid region 104 can be discriminated
depending on the concentration of the residual liquid or the
like, the breadth of a residual range, or the like. However,
there is also a case where it is difficult to discriminate the
residual liquid region 104 depending on the concentration of
the residual liquid or the like, the breadth of a residual range,
or the like. In addition, in the white light image 101, there
is a case where there is a region that causes a variation due
to specular reflection or the like of the illumination light
from the surface of the mucous membrane. However, since
a region where the mucous membrane or the like can be
normally can be observed is essentially the same as the dark
part region 102 in that the brightness thereof has an extreme
value, illustration or the like of a halation region is omitted.

[0071] The endoscope system 10 generates the white light
image 101 (first image) in the first image generation unit 81
as described above, and generates second images in order to
discriminate the respective regions in the second image
generation unit 82 (S14). Specifically, the second image
generation unit 82 generates three types of second images of
the bright/dark region discrimination image 112, the blood
vessel region discrimination image 113, and the residual
liquid region discrimination image 114. Then, the region
discrimination unit 84 performs the region discrimination,
using these second images (S15). Specifically, the region
discrimination unit 84 discriminates the dark part region
102, using the bright/dark region discrimination image 112
(also including the discrimination of the halation region in a
case where the dark part region 102 is present) Additionally,
the region discrimination unit 84 discriminates the blood
vessel region 103, using the blood vessel region discrimi-
nation image 113, and discriminates the residual liquid
region 104, using the residual liquid region discrimination
image 114.

[0072] The second image generation unit 82 operates the
luminance of the observation target, using the B1 image, the
G1 image, and the R1 image, which are acquired in the first
frame, and generates the bright/dark region discrimination
image 112 showing the distribution of the luminance. For
this reason, as illustrated in FIG. 8, the boundary between
the dark part region 102 and a bright part region in the
bright/dark region discrimination image 112 becomes clear
compared to the white light image 101. Meanwhile, in the
bright/dark region discrimination image 112, the distin-
guishability of the blood vessel region 103 and the residual
liquid region 104 is equal to or less than that of the white
light image 101. Hence, the region discrimination unit 84
can discriminate the dark part region 102 more accurately
than in a case where the white light image 101 is used by
using the bright/dark region discrimination image 112. The
same applies to a case where there is the halation region.

[0073] Additionally, the second image generation unit 82
generates the blood vessel region discrimination image 113,
using the B2 image acquired in the second frame and the B4
image acquired in the fourth frame. More specifically, the
second image generation unit 82 first calculates a differential
image between the B2 image and the B4 image (for
example, an image obtained by subtracting the B4 image
from the B2 image or a ratio image (for example, B2
image/B4 image). Then, the blood vessel region discrimi-
nation image 113 is generated by allocating one of the B2
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image or the B4 image to a luminance channel and allocating
the above differential image or ratio image to a color
difference channel. In the blood vessel region discrimination
image 113 generated in this way. as illustrated in FIG. 9, the
blood vessels present in the blood vessel region 103 is
clearer than the white light image 101 by virtue of a
difference in color from the mucous membrane due to a
difference in depth of invasion of the first narrowband blue
light included in the narrowband purple light and the nar-
rowband mixed light into a portion under the mucous
membrane. Meanwhile, in the blood vessel region discrimi-
nation image 113, the distinguishability of the dark part
region 102 and the residual liquid region 104 decreases
relatively compared to the blood vessels of the blood vessel
region 103, and the distinguishability of these regions is
equal to or less than that of the white light image 101. For
this, by using the blood vessel region discrimination image
113, the region discrimination unit 84 can discriminate the
blood vessel region 103 more accurately than in a case
where the white light image 101 is used.

[0074] Additionally, the second image generation unit 82
generates the residual liquid region discrimination image
114, vsing the B3 image acquired in the third frame, and the
B4 image, the G4 image, and the R4 image, which are
acquired in the fourth frame, More specifically, the second
image generation unit 82 first calculates a ratio of the B4
image to the G4 image (hereinafter, referred to as B4/G4), a
ratio of the B3 image to the G4 image (hereinafter, referred
to as B3/G4, and a ratio of the R4 image to the G4 image
(hereinafter, referred to as R4/G4). Next, an operation value
“Z” is calculated according to Equation 1. A phase ¢ in the
Equation 1 is determined such that the operation value “Z”
is invariable with respect to the oxygen saturation of hemo-
globin contained in the observation target. The phase ¢ can
be obtained in advance by experiment or the like.

Z=(B4/G4)xcos ¢-(B3/G4)xsin ¢

[0075] The operation value “Z” is a certain value accord-
ing to the ratio R4/G4 irrespective of the oxygen saturation
of the observation target in a case where there is no residual
liquid containing vellow coloring agent, such as bilirubin.
Meanwhile, the operation value “Z” does not depend on the
oxygen saturation of the observation target in a case where
there is a residual liquid or the like containing a yellow
coloring agent, but varies in accordance with the amount
(concentration) of the yellow coloring agent contained in the
residual liquid or the like. For this reason, the second image
generation unit 82 calculates a variation amount A (=7-Z,)
of the operation value “Z” calculated in practice in the value
of the ratio R4/G4 calculated in practice, using a value Z,,
taken by the operation value “Z” as a reference in a case
where there is no residual liquid or the like in the value of
the ratio R4/G4 calculated in practice. This variation amount
AZ becomes a value showing the presence or absence and
amount of the residual liquid. Hence, the second image
generation unit 82 generates the residual liquid region
discrimination image 114 having the value of the variation
amount AZ as a pixel value.

[0076] The residual liquid region discrimination image
114 generated in this way is clear in the presence or absence
of the residual liquid region 104 and the difference between
the residual liquid region 104 and other regions, such as the
mucous membrane, as compared to the white light image
101, as illustrated in FIG. 10. Meanwhile, in the residual

[Equation 1]
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liquid region discrimination image 114, the distinguishabil-
ity of the dark part region 102 and the blood vessel region
103 is equal to or less than the white light image 101. Hence,
by using the residual liquid region discrimination image 114,
the region discrimination unit 84 can discriminate the
residual liquid region 104 more accurately than in a case
where the white light image 101 or the like is used.
[0077] Inaddition, usually, in a case where the presence or
absence and amount of the residual liquid or the like are
used, it is easy to utilize the absorption quantity of the blue
light resulting from the yellow coloring agent contained in
the residual liquid or the like. However, the blue light varies
due to the oxygen saturation of the hemoglobin contained in
the observation target. As a result, there is a case where an
inaccurate result may be brought in a case where the
presence or absence and amount of the residual liquid or the
like, are measured simply on the basis of the absorption
quantity (for example, the pixel value of the B1 image to be
used for the generation of the white light image 101) of blue
light. Hence, in the present embodiment, using the B4 image
that varies largely in value due to the presence or absence
and amount of the yellow coloring agent and does not varies
substantially in value due to the value of the oxygen satu-
ration, and the B3 image that varies in value to the same
extent as that of the B4 image due to the presence or absence
and amount of the yellow coloring agent and varies largely
in value due to the value of the oxygen saturation, the
dependability of the oxygen saturation is substantially elimi-
nated, and the operation value “Z” that varies substantially
in value due to the presence or absence and amount of the
yellow coloring agent is utilized.

[0078] In a case where the region discrimination unit 84
discriminates the dark part region 102, the halation region,
the blood vessel region 103, and the residual liquid region
104, the enhancement processing unit 86 generates the
display image 121 by performing the enhancement process-
ing on the respective regions determined by the region
discrimination unit 84 in the white light image 101 that is the
first image (S16). Then, the display control unit 66 displays
the display image 121 output from the enhancement pro-
cessing unit 86 on the monitor 18 (S17). The endoscope
system 10 repeatedly performs the above operation until the
completion of the observation or changes in the settings for
the region discrimination (S18).

[0079] As described above, in a case where the endoscope
system 10 performs the region discrimination, the second
image suitable for the region discrimination is generated
separately from the first image suitable for the display. Then,
the region discrimination is performed not using the first
image but using the second image. For this reason, as in the
related-art endoscope system, as compared to a case where
the region discrimination is performed using an image (the
first image in the endoscope system 10) suitable for the
display, the endoscope system 10 has high accuracy in the
region discrimination. Particularly, in a case where a plu-
rality of regions are discriminated, a difference in the
accuracy of the region discrimination is remarkable between
the related-art endoscope system and the endoscope system
10. Additionally, the endoscope system 10 can discriminate
the plurality of regions substantially simultaneously.
[0080] Moreover, the endoscope system 10 enhances the
regions discriminated by the region discrimination unit 84 in
the white light image 101 (first image) suitable for the
display, instead of displaying the second image to be used
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for the region discrimination. For this reason, in the display
image 121 of the endoscope system 10, as illustrated in FIG.
11, similarly to the white light image 101, the observation
target can basically be naturally observed, and tissue, struc-
ture, or the like can be accurately enhanced in the respective
discriminated regions.

[0081] In addition, in the above embodiment, the display
image 121 improves the visibility of the observation target
in the dark part region 102, improves the visibility of the
blood vessels present in the blood vessel region 103 in the
blood vessel region 103, and improves the visibility of the
residual liquid or the like in the residual liquid region 104.
However, the presence of the respective regions may instead
be enhanced by displaying the profiles of the respective
regions discriminated by the region discrimination unit 84 as
in the display image 122 illustrated in FIG. 12. In this case,
it is preferable that the profiles of the respective regions
discriminated by the region discrimination unit 84 indicate
what kind of region is present by color, line type, coloring
within the regions, or the like.

[0082] In the above embodiment, the display image 121
that has enhanced the regions discriminated by the region
discrimination unit 84 is displayed on the monitor 18.
However, instead of generating and displaying the display
image 121 or after generating and displaying the display
image 121, information for supporting diagnosis may be
calculated about the regions discriminated by the region
discrimination unit 84. In this case, as illustrated in FIG. 13,
the image processing unit 61 is provided with a diagnosis
support information calculation unit 130. The diagnosis
support information calculation unit 130 calculates the infor-
mation (hereinafter referred to as diagnosis support infor-
mation) for supporting diagnosis about the regions discrimi-
nated by the region discrimination unit 84. The diagnosis
support information is, for example, an index indicating the
possibility of being a lesion, or an index (for example, the
oxygen saturation or the like) capable of determining the
possibility that the region is a lesion.

[0083] Since the diagnosis support information calculation
unit 130 obtains the diagnosis support information about the
regions discriminated by the region discrimination unit 84,
it is not necessary to calculate the diagnosis support infor-
mation about the entire image to display. Additionally, the
diagnosis support information calculation unit 130 calcu-
lates the diagnosis support information only within a
required region among the regions discriminated by the
region discrimination unit 84, such as calculating the diag-
nosis support information only about the blood vessel region
103. Usually, the calculation of the diagnosis support infor-
mation is heavy processing that requires much time or
machine power However, as described above, the diagnosis
support information calculation unit 130 calculates the diag-
nosis support information only within the required region
that is accurately discriminated. Thus, the diagnosis support
information can be accurately calculated with a lightweight
operation amount that can be realized. This is particularly
useful in a case where the diagnosis support information is
provided in real time.

[0084] The information about the regions discriminated by
the region discrimination unit 84 can be optionally utilized
also in extraction or the like of a three-dimensional structure,
in addition to calculating the diagnosis support information
as described above.
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[0085] 1In the above embodiment, the blood vessel region
discrimination image 113 is generated using the images
obtained by the two frames pf the second frame and the
fourth frame. However, there is a case where the blood
vessel region discrimination image 113 can be generated
using an image equivalent to one frame, in a case where the
blood vessel region discrimination image 113 with improved
distinguishability of the blood vessel region 103 is generated
by a method different from the above embodiment.

[0086] Additionally, as shown in the above embodiment,
the second image generation unit 82 can generate the second
image, using the image acquired in a plurality of frames. In
this way, in a case where the images required for the
generation of the second image are generated over the
plurality of frames, it is preferable to use the images for the
generation of the second image after correction processing,
such as alignment processing or blurring correction process-
ing, is performed on the images to be used for the generation
of the second image. In a case where the correction pro-
cessing is performed, region discrimination accuracy is
further improved.

[0087] In the above embodiment, the number of image
sensors 48 is one. However, an image sensor with higher
sensitivity (hereinafter referred to as a high-sensitivity sen-
sor) than the image sensor 48 can be jointly used for the
endoscope system 10. In a case where the high-sensitivity
sensor is jointed used, the observation target is imaged, for
example, using the fluorescence emitted from a fluorescent
material contained in the observation target or a fluorescent
material injected into the observation target, and the
obtained fluorescence image can be used for the generation
of the second image.

[0088] In the above embodiment, the region discrimina-
tion unit 84 discriminates any region of the dark part region
102, the halation region, the blood vessel region 103, or the
residual liquid region 104. However, these are exemplary.
The region discrimination unit 84 is capable of discriminat-
ing regions other features in addition to these. For example,
a reddened region that is reddened, an atrophied region
where the mucous membrane is atrophied, or the like can be
discriminated in addition the above respective region or
instead of the above respective regions. Additionally, a
method in which the region discrimination unit 84 discrimi-
nates the dark part region 102, the halation region, the blood
vessel region 103, or the residual liquid region 104, respec-
tively, is also an example, and these regions can be discrimi-
nated by methods different from the above embodiment. In
this case, the method of generating the second image is also
changed in accordance with the method of discriminating
the regions in the region discrimination unit 84.

[0089] In the above embodiment, the invention is carried
out in the endoscope system 10 that performs observation by
inserting the endoscope 12 provided with the image sensor
48 into the subject. However, the invention is also suitable
in a capsule endoscope system. As illustrated in FIG. 14, for
example, the capsule endoscope system has at least a capsule
endoscope 700 and a processor device (not illustrated).
[0090] The capsule endoscope 700 includes a light source
unit 702, a control unit 703, an image sensor 704, an image
processing unit 706, and a transmission/reception antenna
708. The light source unit 702 corresponds to the light
source unit 20. The control unit 703 functions similarly to
the light source control unit 22 and the control unit 52.
Additionally, the control unit 703 is capable of wirelessly
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communicating with the processor device of the capsule
endoscope system using the transmission/reception antenna
708. Although the processor device of the capsule endo-
scope system is substantially the same as that of the pro-
cessor device 16 of the above embodiment, an image pro-
cessing unit 706 corresponding to the image acquisition unit
54 and the image processing unit 61 is provided in the
capsule endoscope 700, and the display image 121 is trans-
mitted to the processor device via a transmission/reception
antenna 708. The image sensor 704 is configured similarly
to the image sensor 48. EXPLANATION OF REFER-
ENCES

[0091] 10: endoscope system
[0092] 12: endoscope

[0093] 12a: insertion part

[0094] 125: operating part

[0095] 12¢: bending part

[0096] 124 distal end part

[0097] 12e: angle knob

[0098] 13: zoom operating part
[0099] 14: light source device
[0100] 16: processor device

[0101] 18: monitor

[0102] 19: console

[0103] 20, 702: light source unit
[0104] 22: light source control unit
[0105] 30q: illumination optical system
[0106] 305: imaging optical system

[0107] 41: light guide
[0108] 45: illumination lens
[0109] 46: objective lens
[0110] 47: zoom lens
[0111] 48, 704: image sensor
[0112] 52, 703: control unit
[0113] 54: image acquisition unit
[0114] 56: DSP
[0115] 58: noise reduction unit
[0116] 59: conversion unit
[0117] 61, 706: image processing unit
[0118] 66: display control unit
[0119] 81: first image generation unit
[0120] 82: second image generation unit
[0121] 83: region discrimination setting unit
[0122] 84: region discrimination unit
[0123] 86: enhancement processing unit
[0124] 101: white light image
[0125] 102: dark part region
[0126] 103: blood vessel region
[0127] 104: residual liquid region
[0128] 112: bright/dark region discrimination image
[0129] 113: blood vessel region discrimination image
[0130] 114: residual liquid region discrimination image
[0131] 121, 122: display image
[0132] 130: diagnosis support information calculation unit
[0133] 700: capsule endoscope
[0134] 708: transmission/reception antenna
What is claimed is:
1. An endoscope system comprising:
a light source unit that emits a plurality of types of
illumination light beams with different wavelengths;
an image sensor that images an observation target, using
the respective illumination light beams;
an image acquisition unit that acquires images corre-
sponding to the respective illumination light beams;
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a first image generation unit that generates a first image
serving as a base of a display image to be displayed on
a display unit, using any of the images acquired by the
image acquisition unit;

a second image generation unit that generates a second
image, using at least one image having a different
corresponding wavelength from the image used for the
generation of the first image among the images
acquired by the image acquisition unit;

a region discrimination unit that discriminates a region in
the observation target, using the second image; and
an enhancement processing unit that generates the display
image in which at least one region among the regions
discriminated by the region discrimination unit is

enhanced, using the first image,

wherein in a case where the region discrimination unit
discriminates a plurality of regions, the enhancement
processing unit generates the display image by chang-
ing an enhancement method for every region discrimi-
nated by the region discrimination unit, by changing a
type of processing to be performed for each discrimi-
nated region or changing an importance of the process-
ing for each discriminated region.

2. The endoscope system according to claim 1,

wherein the enhancement processing unit generates the
display image in which the presence of the respective
regions discriminated by the region discrimination unit
are enhanced by displaying profiles of the respective
regions.

3. The endoscope system according to claim 1,

wherein the second image generation unit generates the
second image, using at least one of the images acquired
at different timings from that of the image to be used for
the generation of the first image among the images
corresponding to the respective illumination light
beams.

4. The endoscope system according to claim 1,

wherein the image sensor has a plurality of color filters
with different colors, and

wherein the image acquisition unit acquires the image for
each of the illumination light beams and for each of the
color filters, in a case where the observation target is
imaged using the illumination light beams.

5. The endoscope system according to claim 1,

wherein the second image generation unit generates the
second image using one or a plurality of the images.

6. The endoscope system according to claim 1,

wherein the region discrimination unit discriminates any
one or more among a region that is a dark part of the
observation target, a halation region, a region with
blood vessels, or a region to which a residue or a
residual liquid is adhered.

7. The endoscope system according to claim 1, further

comprising:

aregion discrimination setting unit that sets the type of the
regions to be discriminated by the region discrimina-
tion unit; and

a light source control unit that controls the type of the
illumination light beams to be emitted in accordance
with the type of the regions set by the region discrimi-
nation setting unit.

8. The endoscope system according to claim 1,

wherein the second image generation unit generates a
plurality of the mutually different second images, and
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wherein the region discrimination unit discriminates a
different type of region for each of the second images.

9. The endoscope system according to claim 1, further

comprising:

a support information calculation unit that calculates
information for supporting diagnosis about the regions
discriminated by the region discrimination unit.

10. The endoscope system according to claim 9,

wherein the information for supporting diagnosis is an
index indicating a possibility that the region is a lesion,
or an index capable of determining a possibility that the
region is a lesion.

11. The endoscope system according to claim 10,

wherein the index is an oxygen saturation.

12. A processor device for an endoscope system including

a light source unit that emits a plurality of types of illumi-
nation light beams with different wavelengths, and an image
sensor that images an observation target, using the respec-
tive illumination light beams, the processing device com-
prising:

an image acquisition unit that acquires images corre-
sponding to the respective illumination light beams;

a first image generation unit that generates a first image
serving as a base of a display image to be displayed on
a display unit, using any of the images acquired by the
image acquisition unit;

a second image generation unit that generates a second
image, using at least one image having a different
corresponding wavelength from the image used for the
generation of the first image among the images
acquired the image acquisition unit;

a region discrimination unit that discriminates the regions
in the observation target, using the second image; and

an enhancement processing unit that generates the display
image in which at least one region among the regions
discriminated by the region discrimination unit is
enhanced, using the first image,

wherein in a case where the region discrimination unit
discriminates a plurality of regions, the enhancement
processing unit generates the display image by chang-
ing an enhancement method for every region discrimi-
nated by the region discrimination unit, by changing a
type of processing to be performed for each discrimi-
nated region or changing an importance of the process-
ing for each discriminated region.

13. A method of operating an endoscope system, com-

prising:

a step of emitting a plurality of types of illumination lights
with different wavelengths, by a light source unit;

a step of imaging an observation target, using the respec-
tive illumination light beams, by an image sensor;

a step of acquiring images corresponding to the respective
illumination light beams by an image acquisition unit;

a step of generating a first image serving as a base of a
display image to be displayed on a display unit, using
any of the images acquired by the image acquisition
unit, by a first image generation unit;

a step of generating a second image, using at least one
image having a different corresponding wavelength
from that of the image used for the generation of the
first image among the images acquired by the image
acquisition unit, by a second image generation unit;
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a step of discriminating the regions in the observation
target, using the second image, by a region discrimi-
nation unit; and

a step of generating the display image in which at least
one region among the regions discriminated by the
region discrimination unit is enhanced, using the first
image, by an enhancement processing unit,

wherein in a case where the region discrimination unit
discriminates a plurality of regions, the enhancement
processing unit generates the display image by chang-
ing an enhancement method for every region discrimi-
nated by the region discrimination unit, by changing a
type of processing to be performed for each discrimi-
nated region or changing an importance of the process-
ing for each discriminated region.
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