a9y United States

US 20180206738A1

12) Patent Application Publication (o) Pub. No.: US 2018/0206738 Al

KAMON (43) Pub, Date: Jul. 26, 2018
(54) ENDOSCOPE SYSTEM AND METHOD OF AGIB 5/107 (2006.01)
OPERATING ENDOSCOPE SYSTEM AGIB 5/1459 (2006.01)
AGIB 5/026 (2006.01)
(71) Applicant: FUIIFILM Corporation, Tokyo (JP) A61B 1/06 (2006.01)
_ (52) US. CL
(72) Tnventor: Shumpei KAMON, Kanagawa (JP) CPC ... AGIB 5/02007 (2013.01); AGIB 5/4842

(73) Assignee: FUJIFILM Corporation, Tokyo (IP)

(21) Appl. No.: 15/924,277

(22) Filed: Mar. 19, 2018

Related U.S. Application Data

(63) Continuation of application No. PCT/JP2016/
077437, filed on Sep. 16, 2016.
(30) Foreign Application Priority Data
Oct. 7, 2015 (JP) oo, 2015-199393
Publication Classification
(51) Imt.ClL
AG6IB 5/02 (2006.01)
A61B 5/00 (2006.01)
A6IB 1/04 (2006.01)
A61B 1/00 (2006.01)
A6IB 5/103 (2006.01)

(2013.01); A61B 5/489 (2013.01); AGIB 1/041
(2013.01); A61B 1/00009 (2013.01); A61B
10669 (2013.01); A6IB 5/1032 (2013.01);

AGIB 5/1079 (2013.01); A6IB 5/1459
(2013.01); AG1B 5/0261 (2013.01); A61B
5/7282 (2013.01)

(57) ABSTRACT

An image processing unit includes an image acquisition
unit, a blood vessel index value acquisition unit, and a blood
vessel parameter calculation unit. The image acquisition unit
acquires an endoscopic image captured by an endoscope.
The blood vessel index value acquisition unit acquires a first
blood vessel index value in a first observation condition and
a second blood vessel index value in a second observation
condition, as blood vessel index values of blood vessels of
an observation target, using the endoscopic image acquired
by the image acquisition unit. The blood vessel parameter
calculation unit calculates a blood vessel parameter, using
the first blood vessel index value and the second blood
vessel index value.
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ENDOSCOPE SYSTEM AND METHOD OF
OPERATING ENDOSCOPE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/IP2016/77437, filed on Sep. 16,
2016, which claims priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2015-199393, filed on Oct.
7, 2015. 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

[0002] The present invention relates to an endoscope
system and a method of operating the endoscope system for
calculating data, such as numerical values provided for
diagnosis using an endoscopic image captured by an endo-
scope.

2. Description of the Related Art

[0003] In the medical field, diagnosis using an endoscope
system including a light source device, an endoscope, and a
processor device has been performed widely. In the endo-
scope system, an observation target is irradiated with illu-
mination light emitted from the light source device via the
endoscope, and the processor device produces an image of
the observation target on the basis of an image signal
obtained by imaging the observation target under illumina-
tion with the illumination light. By displaying the image on
the monitor, a doctor can perform diagnosis while viewing
this image on a monitor.

[0004] Additionally, in the diagnosis using the endoscope
system, in addition to the normal observation of observing
the observation target under illumination with white illumi-
nation light, for example, the living body information obser-
vation of ascertaining the state of the observation target is
also performed using information on the fluorescence emit-
ted by the observation target as illustrated in JP2008-
229025A, JP2006-061683A, or living body information,
including information on blood vessels, such as the thick-
ness or density of blood vessels of the observation target as
illustrated in JP2011-217798A.

SUMMARY OF THE INVENTION

[0005] Even in the living body information, a blood vessel
index value obtained by quantifying “information on blood
vessels”, such as the thickness or density of blood vessels,
is information that is particularly useful in a case where a
doctor performs diagnosis. However, a doctor does not
perform diagnosis on the basis of one blood vessel index
value, but comprehensively performs diagnosis in consid-
eration of a plurality of blood vessel index values in many
cases. For this reason, in recent years, a new attempt to
support diagnosis is made by the endoscope system by
calculating more direct and useful information or the like
than a single blood vessel index value, using a plurality of
blood vessel index values, and presenting the information to
the doctor.

[0006] However, it is often difficult to accurately acquire
the blood vessel index values in a case where the ways in
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which blood vessels appear within an image vary with a
change in observation condition, such as an observation
distance. For example, since thin blood vessels appear
clearly in a case where an observation distance is short, a
blood vessel index value can be accurately acquired regard-
ing the thin blood vessels. However, fewer thin blood
vessels than in a case where the observation distance is short
appear in a case where the observation distance is long.
Thus, it is often difficult to accurately acquire the blood
vessel index value regarding the thin blood vessels.

[0007] Regarding this problem, JP2008-229025A,
JP2006-061683A among  JP2008-229025A, JP2006-
061683A, and JP2011-217798A disclose a method of cor-
recting fluorescence in accordance with the observation
distance. However, in this correction method, the brightness
of a fluorescence image is adjusted in accordance with the
observation distance, and a high-definition image in which
blood vessels appear clearly cannot be obtained. In a case
where the blood vessels do not appear clearly, it is difficult
to accurately acquire the blood vessel index value. For this
reason, in this case, it is difficult to accurately calculate more
direct and useful information or the like than the single
blood vessel index value, using the plurality of blood vessel
index values.

[0008] An object of the invention is to provide an endo-
scope system and a method of operating the endoscope
system for accurately calculating a diagnostic support
parameter (hereinafter referred to as a blood vessel param-
eter) more useful than individual blood vessel index values,
in conformity with the actual conditions of diagnosis utiliz-
ing an endoscopic image, using the plurality of blood vessel
index values, in accordance with observation conditions.
[0009] An endoscope system of the invention comprises
an image acquisition unit that acquires an image obtained by
imaging an observation target by an endoscope; a blood
vessel index value acquisition unit that acquires a first blood
vessel index valve in a first observation condition and a
second blood vessel index value in a second observation
condition different from the first observation condition, as
blood vessel index values of blood vessels of an observation
target from the image, thereby acquiring at least two or more
blood vessel index values including the first blood vessel
index value and the second blood vessel index value; and a
blood vessel parameter calculation unit that calculates a
blood vessel parameter, using the first blood vessel index
value and the second blood vessel index value.

[0010] It is preferable that the blood vessel parameter
calculation unit performs calculation while performing
weighting based on the first blood vessel index value and the
second blood vessel index value on the first blood vessel
index value and the second blood vessel index value.
[0011] It is preferable that the blood vessel index value
acquisition unit acquires at least three or more blood vessel
index values including the first blood vessel index value, the
second blood vessel index value, and a specific blood vessel
index value and the blood vessel parameter calculation unit
performs calculation while performing weighting on only
blood vessel index values other than the specific blood
vessel index value among the three or more blood vessel
index values.

[0012] It is preferable that the endoscope system further
comprises a blood vessel index value correction unit that
corrects the first blood vessel index value with a first
correction value based on the first observation condition and
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corrects the second blood vessel index value with a second
correction value based on the second observation condition,
and the blood vessel parameter calculation unit performs
calculation while performing weighting on the first blood
vessel index value corrected with the first correction value
and the second blood vessel index value corrected with the
second correction value.

[0013] It is preferable that the endoscope system further
comprises a distance acquisition unit that acquires a first
observation distance, which is an observation distance from
the observation target, and a second observation distance
different from the first observation distance, from the image,
and the first correction value is a correction value in a case
where the first observation condition is the first observation
distance, and wherein the second correction value is a
correction value in a case where the second observation
condition is the second observation distance.

[0014] It is preferable that the blood vessel parameter
calculation unit calculates the blood vessel parameter by
four arithmetic operations.

[0015] It is preferable that the endoscope system further
comprises a determination unit that determines a state of a
mucous membrane of the observation target, using the blood
vessel parameter.

[0016] It is preferable that the determination unit deter-
mines the state of the mucous membrane of the observation
target as any of three or more types of states including
normality, adenoma, and cancer, using the blood vessel
parameter.

[0017] Tt is preferable that the determination unit deter-
mines the state of the mucous membrane of the observation
target as any one of states including normality, hyperplastic
polyp, SSA/P, adenoma, laterally spreading tumor, and can-
cer, using the blood vessel parameter.

[0018] It is preferable that the blood vessel index value
acquisition unit acquires at least two or more blood vessel
index values from a number of blood vessels, a number of
branches of blood vessels, a branch angle of blood vessels,
a distance between branch points, a number of intersections
of blood vessels, a thickness of blood vessels, a change in
thickness of blood vessels, a degree of complexity of a
change in thickness of blood vessels, a length of blood
vessels, an interval of blood vessels, a depth of blood
vessels, a height difference of blood vessels, an inclination
of blood vessels, an area of blood vessels, a density of blood
vessels, a contrast of blood vessels, a color of blood vessels,
a change in color of blood vessels, a degree of meandering
of blood vessels, a blood concentration of blood vessels, a
degree of oxygen saturation of blood vessels, a proportion of
arteries, a proportion of veins, a concentration of input a
coloring agent, a traveling pattern of blood vessels, or a
blood flow rate of blood vessels.

[0019] It is preferable that the first blood vessel index
value is the same type as the second blood vessel index
value, and the values are different from each other.

[0020] It is preferable that the first blood vessel index
value is of a type different from the second blood vessel
index value.

[0021] Tt is preferable that the determination unit further
determines a stage of cancer in a case where the state of the
mucous membrane of the observation target is determined as
the state of cancer.

[0022] It is preferable that the first observation condition
and the second observation condition are at least any one of
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an observation distance from the observation target, a zoom
magnification factor of the endoscope, an observation mode
in which special light is used, or a coloring agent dispersed
in the observation target.

[0023] A method of operating an endoscope system of the
invention comprises a step of acquiring an image obtained
by imaging an observation target by an endoscope by an
image acquisition unit; a step of acquiring a first blood
vessel index value in a first observation condition and a
second blood vessel index value in a second observation
condition different from the first observation condition, as
blood vessel index values of blood vessels of an observation
target from the image, thereby acquiring at least two or more
blood vessel index values including the first blood vessel
index value and the second blood vessel index value by a
blood vessel index value acquisition unit; and a step of
calculating a blood vessel parameter, using the first blood
vessel index value and the second blood vessel index value,
by a blood vessel parameter calculation unit.

[0024] According to the endoscope system and a method
of operating the endoscope system of the invention, it is
possible to accurately calculate a blood vessel parameter,
using a plurality of blood vessel index values, in accordance
with observation conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1is an external view of an endoscope system
of a first embodiment.

[0026] FIG. 2 is a block diagram illustrating functions of
the endoscope system.

[0027] FIG. 3 is an explanatory view illustrating a special
observation image of a non-magnified observation distance.
[0028] FIG. 4 is an explanatory view illustrating a special
observation image of a magnified observation distance.
[0029] FIG. 5 is an explanatory view illustrating calcula-
tion of a blood vessel parameter.

[0030] FIG. 6 is an explanatory view illustrating a monitor
that displays the blood vessel parameter.

[0031] FIG. 7 is a flowchart illustrating operation of the
endoscope system of the first embodiment.

[0032] FIG. 8 is an explanatory view illustrating calcula-
tion of the blood vessel parameter using specific blood
vessel index values.

[0033] FIG. 9 is a block diagram illustrating an image
processing unit of a second embodiment.

[0034] FIG. 10 is a block diagram illustrating an image
processing unit of a third embodiment.

[0035] FIG. 11 is an explanatory view illustrating an
endoscopic image captured after an endoscope is angled.
[0036] FIG. 12 is a block diagram illustrating an image
processing unit of a fourth embodiment.

[0037] FIG. 13 is an explanatory view illustrating the
monitor that displays a determination result obtained by a
determination unit.

[0038] FIG. 14 is a block diagram illustrating functions of
an endoscope system of a fifth embodiment.

[0039]

[0040] FIG. 16 is a schematic view of a capsule endoscope
of a sixth embodiment.

FIG. 15 is a plan view of a rotation filter.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0041] As illustrated in FIG. 1, an endoscope system 10
has an endoscope 12, a light source device 14, a processor
device 16, a monitor 18, and a console 19. The endoscope 12
is optically connected to the light source device 14 and is
electrically connected to the processor device 16. The endo-
scope 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, and a bending part 12¢ and
a distal end part 124 provided on a distal end side of the
insertion part 12a. By operating an angle knob 13a of the
operating part 125, the bending part 12¢ makes a bending
motion. The distal end part 124 is directed in a desired
direction by this bending motion.

[0042] Additionally, the operating part 126 is provided
with a still image acquisition unit 135 used for operating the
acquisition of still images, a mode switching unit 13¢ used
for operating the switching of observation modes, and a
zooming operating unit 134 used for operating the change of
a zoom magnification factor, in addition to the angle knob
13a. In the still image acquisition unit 135, a freeze opera-
tion of displaying a still image of an observation target on
the monitor 18, and release operation of saving the still
image in a storage are possible.

[0043] The endoscope system 10 has a normal mode and
a special mode as the observation modes. In a case where an
observation mode is the normal mode, the light source
device 14 emits white light as illumination light. In a case
where an observation mode is the special mode, the light
source device 14 emits light (hereinafter referred to as
narrowband light) having a specific wavelength range that is
a narrower wavelength range than that of the white light as
the illumination light.

[0044] The processor device 16 is electrically connected to
the monitor 18 and the console 19. The monitor 18 outputs
and displays an image of the observation target, information
accompanying the image, and the like. The console 19
functions as a user interface that receives input operations,
such as designation or the like of a region of interest (ROI)
and function setting.

[0045] As illustrated in FIG. 2, the light source device 14
includes a light source 20 that emits the illumination light to
be used for illumination of the observation target, and a light
source control unit 22 that controls the light source 20. The
light source 20 1s, for example, semiconductor light sources,
such as light emitting diodes (LED) in a plurality of colors
having different wavelength ranges, a combination of a laser
diode and a fluorescent material, a xenon lamp, or the like.
Additionally, optical filters that adjust the wavelength ranges
of light beams emitted from the LEDs are included in the
light source 20. The light source control unit 22 controls the
quantity of light emission of the illumination light by
ON/OFF of the LEDs and the adjustment of the driving
currents or driving voltages of the LEDs. Additionally, the
light source control unit 22 controls the wavelength range of
the illumination light, for example, by changing the optical
filters.

[0046] In the present embodiment, the light source 20 has
four color LEDs of a violet light emitting diode (V-LED)
20a, a blue light emitting diode (B-LED) 205, a green light
emitting diode (G-LED) 20¢, and a red light emitting diode
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(R-LED) 20d. The V-LED 20a emits purple light V having
a wavelength range of 380 nm to 420 nm. The B-LED 205
emits blue light B having a wavelength range of 420 nm to
500 nm. The G-LED 20c¢ emits green light G having a
wavelength range of 480 nm to 600 nm. The R-LED 204
emits red light R having a wavelength range of 600 nm to
650 nm. In addition, center wavelengths and peak wave-
lengths of the respective color lights may be the same as
each other or may be different from each other.

[0047] The light source control unit 22 independently
controls ON/OFF of the respective LEDs, the amount of
light emission at the time of ON, and the like, thereby
adjusting the light emission timing of illumination light, a
light emission period, the quantity of light, and a spectro-
scopic spectrum. The control of ON and OFF in the light
source control unit 22 varies in the respective observation
modes. In the case of the normal mode, the light source
control unit 22 turns on the V-LED 204, the B-LED 205, the
G-LED 20c, and the R-LED 204 altogether. For this reason,
in the normal mode, white light is emitted by emitting all the
purple light V, the blue light B, the green light G, and red
light R. Meanwhile, in the case of the special mode, the light
source control unit 22, for example, performs switching
between the control of turning on only V-LED 20a. and the
control of turning on only B-LED 20b. In the special mode
in this case, the purple light V and the blue light B are
emitted sequentially.

[0048] The illumination light emitted from the light source
20 enters a light guide 24 inserted into the insertion part 12a.
The light guide 24 is built in 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, multimode fiber can be used as the light guide 24.
As an example, a fine-diameter fiber cable of which the core
diameter is 105 pum, the clad diameter is 125 um, and a
diameter including a protective layer used as an outer cover
is $0.3 to 0.5 mm can be used for the light guide 24.
[0049] 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
30a has an illumination lens 32. The observation target is
illuminated with the illumination light propagated by the
light guide 24 via the illumination lens 32. The imaging
optical system 305 has an objective lens 34, a zoom lens 36,
and an imaging sensor 38. Various kinds of light, such as
reflected light from the observation target, scattered light,
and fluorescence enters the imaging sensor 38 via the
objective lens 34 and the zoom lens 36. Accordingly, the
image of the observation target is formed on the imaging
sensor 38. The zoom lens 36 moves freely between a
telephoto-end and a wide-end by operating the zooming
operating part 134, and magnifies or reduces the observation
target of which the image is to be formed on the imaging
sensor 38.

[0050] The imaging sensor 38 is a color imaging sensor in
which any of color filters in primary colors of R (red), G
(green), and B (blue) is provided for each pixel, and image
signals of respective RGB colors are output by imaging the
observation target. The imaging sensor 38 transmits the
output image signals to a CDS/AGC circuit 40. As the
imaging sensor 38, a charge coupled device (CCD) imaging
sensor, a complementary metal-oxide-semiconductor
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(CMOS) imaging sensor, or the like is available. Addition-
ally, instead of the imaging sensor 38 provided with the
color filters in the primary colors, a complementary color
imaging sensor including complementary color filters in C
(cyan), M (magenta), Y (vellow), and G (green) may be
used. In a case where the complementary color imaging
sensor is used, image signals of four colors of CMYG are
output. For this reason, the same respective RGB image
signals as those in the imaging sensor 38 can be obtained by
converting the image signals of four colors of CMYG into
image signals of three colors of RGB through color conver-
sion between complementary colors and the primary colors.
Additionally, instead of the imaging sensor 38, a mono-
chrome sensor that is not provided with the color filters may
be used.

[0051] The CDS/AGC circuit 40 performs correlated
double sampling (CDS) and automatic gain control (AGC)
on analog image signals received from the imaging sensor
38. An analog-to-digital (A/D) conversion circuit 42 con-
verts the analog image signals, which have passed through
the CDS/AGC circuit 40, into digital image signals. The A/D
conversion circuit 42 inputs the digital image signals after
the A/D conversion to the processor device 16.

[0052] The processor device 16 includes the image signal
acquisition unit 50, a digital signal processor (DSP) 52, the
noise reduction unit 54, a memory 56, a signal processing
unit 58, an image processing unit 60, and a video signal
generation unit 62. For example, the processor device 16 has
a central processing unit (CPU), and the CPU functions as
the image signal acquisition unit 50, the noise reduction unit
54, the signal processing unit 58, the image processing unit
60, and the video signal generation unit 62.

[0053] The image signal acquisition unit 50 acquires the
digital image signals from the endoscope 12. The DSP 52
performs, for example, various types of signal processing,
such as defect correction processing, offset processing, gain
correction processing, linear matrix processing, gamma con-
version processing, and demosaicing processing, on the
image signals acquired by the image signal acquisition unit
50. In the defect correction processing, a signal of a defec-
tive pixel of the imaging sensor 38 is corrected. In the offset
processing, a dark current component is removed from the
image signals subjected to the defect correction processing,
and an accurate zero level is set. In the gain correction
processing, a signal level is adjusted by multiplying the
image signals subjected to the offset processing by a specific
gain.

[0054] The linear matrix processing enhances color repro-
ducibility on the image signals subjected to the gain correc-
tion processing. In the gamma conversion processing,
brightness and saturation of image signals subjected the
linear matrix processing are adjusted. By performing the
demosaicing processing (also referred to as equalization
processing or synchronization processing) on the image
signals subjected to the gamma conversion processing, a
signal of a color that runs short in each pixel is generated by
interpolation. By means of this demosaicing processing, all
pixels have signals of respective RGB colors. The noise
reduction unit 54 performs noise reducing processing using,
for example, a moving average method, a median filter
method, or the like on the image signals subjected to the
demosaicing processing or the like by the DSP 52, and
removes noise. The image signals from which noise is
reduced are stored in the memory 56.
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[0055] The signal processing unit 58 acquires the image
signals after the noise reduction from the memory 56. Signal
processing, such as color conversion processing, color
enhancement processing, and structure enhancement pro-
cessing, is performed on the acquired image signals, if
necessary, and an endoscopic image in color on which the
observation target appear is generated. The color conversion
processing is the processing of performing conversion of
colors on the image signals through 3x3 matrix processing,
gradation transformation processing, three-dimensional
look-up table (LUT) processing, or the like. The color
enhancement processing is performed on the image signals
subjected to the color conversion processing. The structure
enhancement processing is, for example, the processing of
enhancing specific tissue and structure included in the
observation target, such as blood vessels and pit patterns,
and is performed on the image signals after the color
enhancement processing.

[0056] The contents of the color conversion processing,
the color enhancement processing, and the structure
enhancement processing performed by the signal processing
unit 58 are different depending on the observation modes. In
the case of the normal mode, the signal processing unit 58
performs the above respective various types of signal pro-
cessing, thereby generating an image (hereinafter referred to
as a normal observation image), on which the observation
target having natural tones appear, as the endoscopic image.
In the case of the special mode, the signal processing unit 58
performs the above various types of signal processing of
enhancing at least the blood vessels of the observation
target, thereby generating an image (hereinafter referred to
as a special observation image), in which the blood vessels
are enhanced by expressing the blood vessels of the obser-
vation target with differences in color, as the endoscopic
image. The signal processing unit 58 inputs the generated
endoscopic image to the image processing unit 60.

[0057] Additionally, the signal processing unit 58 saves
the generated endoscopic image in a storage 64 in a case
where a release operation is performed by the still image
acquisition unit 136. The storage 64 is an external storage
connected to the processor device 16 by a local area network
(LAN) or the like. The storage 64 is, for example, a file
server of a system, such as a picture archiving and commu-
nication system (PACS), which files the endoscopic image,
a network attached storage (NAS), or the like. In addition,
in a case where a motion picture of the endoscopic image is
displayed on the monitor 18 regardless of the operation of
the still image acquisition unit 135, the motion picture of the
endoscopic image may be saved in the storage 64.

[0058] The image processing unit 60 performs image
processing on the endoscopic image generated by the signal
processing unit 58. The image processing unit 60 includes an
image acquisition unit 70, an observation condition acqui-
sition unit 72, a blood vessel extraction unit 74, a blood
vessel index value acquisition unit 76, and a blood vessel
parameter calculation unit 78.

[0059] The image acquisition unit 70 acquires the endo-
scopic image, which is obtained by imaging the observation
target by the endoscope 12, from the signal processing unit
58. In the present embodiment, the case of the special mode
will be described below. Hence, in the following description,
the image acquisition unit 70 acquires the special observa-
tion image from the signal processing unit 58.
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[0060] The observation condition acquisition unit 72
acquires a first observation condition and a second obser-
vation condition different from the first observation condi-
tion. The term “different” includes a case where the types of
observation conditions are different between the first obser-
vation condition and the second observation condition, or a
case where the types of observation conditions are the same
between the first observation condition and the second
observation condition, but the ways in which specific blood
vessels appear on the observation target are different
between an endoscopic image obtained on the first obser-
vation condition and an endoscopic image obtained on the
second observation condition.

[0061] The types of observation conditions capable of
being acquired as the first observation condition and the
second observation condition by the observation condition
acquisition unit 72 are, for example, an observation distance
from the observation target, the zoom magnification factor
of the endoscope 12, an observation mode in which special
light is used, a coloring agent dispersed on the observation
target, and the like. The observation distance from the
observation target is, for example, the non-magnified obser-
vation distance in which the observation distance is a long
distance, the magnified observation distance in which the
observation distance is a short distance, or the like. The
zoom magnification factor of the endoscope 12 is, for
example, a low magnification factor at which non-magnified
observation is performed, a high magnification factor that
allows magnified observation, or the like. The observation
mode using special light is, for example, a surface layer
blood vessel observation mode capable of observing surface
layer blood vessels by using purple light and blue light, a
middle deep layer blood vessel observation mode capable of
observing middle deep layer blood vessels by using green
light and red light, or the like. The coloring agent dispersed
on the observation target is, for example, a red-based col-
oring agent, a blue-based coloring agent, or the like. In the
present embodiment, the observation condition acquisition
unit 72 acquires the first observation condition and the
second observation condition from these four types of
observation conditions on the basis of the input operation of
the console 19. In addition, the types of observation condi-
tions are not limited only to the above four types.

[0062] In addition, the case where the types of observation
conditions are different between the first observation con-
dition and the second observation condition is, for example,
a case where the observation distance from the observation
target is acquired as the first observation condition among
the above four types of observation conditions, and the
observation mode using the special light is acquired as the
second observation condition.

[0063] Additionally, the case where the ways in which
specific blood vessels appear on the observation target are
different between the endoscopic image obtained on the first
observation condition and the endoscopic image obtained on
the second observation condition is, for example, a case
where the types of observation conditions correspond to the
observation distance among the above four types of obser-
vation conditions, but the non-magnified observation dis-
tance at which blood vessels appear while being reduced
within the endoscopic image is acquired as the first obser-
vation condition, and the magnified observation distance at
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which blood vessels appear while being magnified within
the endoscopic image is acquired as the second observation
condition.

[0064] In the present embodiment, the observation condi-
tion acquisition unit 72 acquires the observation distance
from the observation target. For example, the observation
condition acquisition unit 72 acquires the non-magnified
observation distance, which is an observation distance when
a change in the zoom magnification factor is started, as the
first observation condition on the basis of the operation of
the zooming operating unit 134. Additionally, the observa-
tion condition acquisition unit 72 acquires the magnified
observation distance, which is an observation distance when
the change in the zoom magnification factor is ended, as the
second observation condition on the basis of the operation of
the zooming operating unit 13d.

[0065] The observation distances can be acquired on the
basis of, for example, an exposure amount obtained from an
endoscopic image. The observation condition acquisition
unit 72 acquires the non-magnified observation distance on
the basis of the exposure amount from a special observation
image 90 illustrated in FIG. 3 acquired by the image
acquisition unit 70, in a case where the change in the zoom
magnification factor is started. In the special observation
image 90, as well as a shape 91 on a mucous menibrane
surface of the observation target can be observed, thin
surface layer blood vessels 92 that are at a relatively shallow
position with the mucous membrane surface as a reference,
and thick middle deep layer blood vessels 93 that are at a
relatively deep position can be observed. In addition, the
surface layer blood vessels 92 are represented by a magenta-
based color, and the middle-deep layer blood vessels 93 are
represented by a cyan-based color.

[0066] Additionally, the observation condition acquisition
unit 72 acquires the magnified observation distance on the
basis of the exposure amount from a special observation
image 94 illustrated in FIG. 4 acquired by the image
acquisition unit 70, in a case where the change in the zoom
magnification factor is ended. In the special observation
image 94, the shape 91 on the mucous membrane surface,
the surface layer blood vessels 92 and the middle-deep layer
blood vessels 93 can be observed similarly to the special
observation image 90 at the non-magnified observation
distance.

[0067] Inacase where the special observation image 90 is
compared with the special observation image 94, the obser-
vation distance of the special observation image 90 is farther
than that of the special observation image 94. Thus, only
some surface layer blood vessels 92 among the surface layer
blood vessels 92 on the special observation image 94 appear.
Hence, the special observation image 90 is a smaller number
of surface layer blood vessels 92 than the special observa-
tion image 94.

[0068] In addition, the observation distances may be
acquired by the frequency analysis of an endoscopic image.
In a case where the frequency analysis is performed on the
special observation image 90, the number of high-frequency
components, that is, the number of surface layer blood
vessels 92 is small. Thus, the special observation image 90
can be estimated to be an image obtained at the non-
magnified observation distance. On the other hand, in a case
where the frequency analysis is performed on the special
observation image 94, the number of high-frequency com-
ponents, that is, the number of surface layer blood vessels 92
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is large. Thus, the special observation image 94 can be
estimated to be an image obtained at the magnified obset-
vation distance. Hence, the observation condition acquisi-
tion unit 72 can perform the frequency analysis of the special
observation image 90, thereby acquiring the non-magnified
observation distance, and can perform the frequency analy-
sis of the special observation image 94, thereby acquiring
the magnified observation distance.

[0069] The blood vessel extraction unit 74 extracts blood
vessels of the observation target from the endoscopic image
acquired by the image acquisition unit 70. The blood vessel
extraction unit 74 extracts blood vessels from the endo-
scopic image, for example, by a frequency filter or the like.
In the present embodiment, since the special observation
image 90 at the non-magnified observation distance and the
special observation image 94 at the magnified observation
distance are acquired, the blood vessel extraction unit 74
extracts blood vessels from the special observation image 90
and the special observation image 94, respectively. In addi-
tion, methods of extracting blood vessels are optional. In a
case where the observation target is illuminated with illu-
mination light beams having different wavelength ranges by
the light source device 14 in addition to the above-described
example, blood vessels may be extracted by taking a dif-
ference between respective images obtained by capturing the
observation target under the illumination with respective
illumination light beams. For example, surface layer blood
vessels at a shallow position under the mucous membrane or
blood vessels at a position shallower than the surface layer
blood vessels can be extracted by taking a difference
between an image obtained by capturing the observation
target under illumination with the purple light V with an
image obtained by capturing the observation target under
illumination with the blue light B. Additionally, in the
present embodiment, the blood vessel extraction unit 74
extracts blood vessels from the overall endoscopic image.
However, in a case where the region of interest is specified
by the operation of the console 19, blood vessels can be
extracted only within the specified region of interest.

[0070] The blood vessel index value acquisition unit 76
acquires the blood vessel index values of the blood vessels
of the observation target, using the endoscopic image
acquired by the image acquisition unit 70. Specifically, the
blood vessel index value acquisition unit 76 acquires a first
blood vessel index value in the first observation condition,
and acquires a second blood vessel index value in the second
observation condition.

[0071] The blood vessel index values can be sorted into a
plurality of types. The types of the blood vessel index values
are, for example, the number of blood vessels, the number
of branches of blood vessels, the branch angle of blood
vessels, a distance between branch points, the number of
intersections of blood vessels, the thickness of blood vessels,
a change in thickness of blood vessels, the degree of
complexity of a change in thickness of blood vessels, the
length of blood vessels, the interval of blood vessels, the
depth of blood vessels, the height difference of blood
vessels, the inclination of blood vessels, the area of blood
vessels, the density of blood vessels, the contrast of blood
vessels, the color of blood vessels, a change in color of blood
vessels, the degree of meandering of blood vessels, the
blood concentration of blood vessels, the degree of oxygen
saturation of blood vessels, the proportion of arteries, the
proportion of veins, the concentration of an input coloring
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agent, the traveling pattern of blood vessels, the blood flow
rate of blood vessels, and the like. In addition, the types of
blood vessel index values are not limited only to the above
four types.

[0072] The number of blood vessels is the number of
blood vessels extracted within the overall endoscopic image
or the region of interest. The number of blood vessels is
calculated, for example, using the number of branch points
(the number of branches) of the extracted blood vessels, the
number of intersection points (the number of intersections)
with other blood vessels, or the like. The branch angle of
blood vessels is an angle that two blood vessels form at a
branch point. The distance between branch points is a linear
distance between a any branch point and its adjacent branch
point, or a length along a blood vessel from the any branch
point to its adjacent branch point.

[0073] The number of intersections of blood vessels is the
number of intersection points where blood vessels with
different depths under the mucous membrane intersect each
other on the endoscopic image. More specifically, the num-
ber of intersections of blood vessels is the number of times
with which blood vessels at a relatively shallow position
under the mucous membrane intersect blood vessels at a
relatively deep position.

[0074] The thickness (vessel diameter) of the blood ves-
sels is a distance between a blood vessel and a boundary line
of the mucous membrane. The thickness (vessel diameter) is
obtained, for example, by counting the number of pixels in
a lateral direction of an extracted blood vessel through the
blood vessel from an edge of the blood vessel. Hence, the
thickness of blood vessels is the number of pixels. However,
in a case where a capturing distance, a zoom magnification
factor, and the like when the endoscopic image is captured
are known, the thickness can be converted into the unit of
length, such as “um” if necessary.

[0075] The change in thickness of blood vessels is a blood
vessel index value regarding variations in thickness of blood
vessels, and is also referred to as the degree of aperture
inequality. The change in thickness of blood vessels is, for
example, the change rate (also referred to as the degree of
dilation) of the blood vessel diameter. The change rate of the
vessel diameter is obtained by “Change rate (%) of blood
vessel diameter=Minimum diameter/Maximum diameterx
1007, using the thickness (minimum diameter) of the thin-
nest portion of a blood vessel, and the thickness (maximum
diameter) of a thickest portion of a blood vessel.

[0076] In addition, in a case where an endoscopic image
obtained by capturing the observation target in the past
examination and an endoscopic image obtained by capturing
the same observation target in subsequent new examination,
a time change in thickness of the same blood vessels
extracted from the endoscopic image obtained in the sub-
sequent new examination with respect to the thickness of
blood vessels extracted from the endoscopic image obtained
in the past examination may be used as the change in
thickness of blood vessels.

[0077] Additionally, the percentage of a smaller-diameter
part or the percentage of a larger-diameter part may be
calculated as the change in thickness of blood vessels. The
smaller-diameter part is a portion having a thickness equal
to or smaller than a threshold value. The larger-diameter part
is a portion having a thickness greater than the threshold
value. The percentage of the smaller-diameter part is
obtained by ‘“Percentage (%) of smaller-diameter
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part=Length of smaller-diameter part/Length of blood ves-
selx100” Similarly, the percentage of the larger-diameter
part is obtained by “Percentage (%) of larger-diameter
part=Length of larger-diameter part/Length of blood vesselx
1007

[0078] The degree of complexity of the change in thick-
ness of blood vessels (hereinafter referred to as “the degree
of complexity of a thickness change”) is a blood vessel index
value representing how complicated the change is in a case
where the thickness of blood vessels changes, and is a blood
vessel index value calculated by combining a plurality of
blood vessel index values (that is, the change rate of the
vessel diameter, the percentage of the smaller-diameter part,
or the percentage of the larger-diameter part) representing
the change in thickness of blood vessels. The degree of
complexity of the thickness change can be obtained, for
example, by the product of the change rate of the vessel
diameter and the percentage of the smaller-diameter part.
[0079] The length of blood vessels is the number of pixels
counted in a longitudinal direction of an extracted blood
vessel.

[0080] The interval of blood vessels is the number of
pixels representing the mucous membrane between edges of
extracted blood vessels. In a case where there is one
extracted blood vessel, the interval of blood vessels does not
have a value.

[0081] The depth of blood vessels is measured on the basis
of the mucous membrane (more specifically, the surface of
the mucous membrane). The depth of blood vessels with this
mucous membrane as a reference can be calculated, for
example, on the basis of the color of blood vessels. In the
case of the special observation image, the surface layer
blood vessel at a position near the surface of the mucous
membrane is represented by the magenta-based color and a
blood vessel at a position distant from the surface of the
mucous membrane (a deep position under the mucous
membrane) is represented by the cyan-based color. Thus, the
blood vessel index value acquisition unit 76 calculates the
middle-deep layer blood vessels with the mucous membrane
as a reference for each pixel, on the basis of the balance
between signals in respective colors of R, G, and B of pixels
extracted as blood vessels.

[0082] The height difference of blood vessels is the mag-
nitude of a difference in depth of a blood vessel. For
example, the height difference of one blood vessel to be
observed is obtained from a height difference between the
depth (the maximum depth) of the deepest location of this
blood vessel, and the depth (minimum depth) of the shal-
lowest location. The height difference is zero in a case where
the depth is constant.

[0083] The inclination of blood vessels is the change rate
of the depth of a blood vessel, and is calculated using the
length of the blood vessel and the depth of the blood vessel.
That is, the inclination of blood vessels is obtained by
“Inclination of blood vessel =Length of blood vessel/Length
of blood vessel”. In addition, a blood vessel may be divided
into a plurality of sections, and the inclination of the blood
vessel may be calculated in each section.

[0084] The area of blood vessels is the number of pixels
extracted as a blood vessel, or a value proportional to the
number of the pixels extracted as the blood vessel. The area
of blood vessels is calculated regarding the inside of the
region of interest, the outside of the region of interest, and
the overall endoscopic image.
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[0085] The density of blood vessels is the ratio of the
blood vessels to unit area. A region of a specific size (for
example, a region of a unit area) including pixels, from
which the density of blood vessels is calculated, approxi-
mately at the center thereof is cut out, and the ratio of blood
vessels to all the pixels within this region is calculated. By
performing this on all the pixels of the region of interest or
the overall endoscopic image, the density of blood vessels of
each pixel can be calculated.

[0086] The contrast of blood vessels is the contrast of the
observation target relative to the mucous membrane. The
contrast of blood vessels is calculated by, for example,
“Y /Y, or “(Y'=Y,)/(Y +Y,,)”, using the luminance Y,
of blood vessels, and the luminance Y,, of the mucous
membrane.

[0087] The color of blood vessels is respective values of
RGB of the pixels representing the blood vessels. The
change in color of blood vessels is a difference or a ratio
between respective maximum and minimum values of
respective RGB values of the pixels representing the blood
vessels. For example, the ratio of a maximum value and a
minimum value of B values of the pixels representing the
blood vessels, the ratio of a maximum value and a minimum
value of G values, or the ratio of a maximum value and a
minimum value of R values represents the change in color
of blood vessels. The color of blood vessels and the change
in color of blood vessels may be calculated regarding
respective values of cyan, magenta, yellow, green, and the
like through conversion into complementary colors.

[0088] The degree of meandering of blood vessels is a
blood vessel index value representing a range where the
blood vessels meander and travel. The degree of meandering
of blood vessels is, for example, the area (number of pixels)
of a minimum oblong shape including blood vessels from
which the degree of meandering is calculated. Additionally,
the ratio of the length of a blood vessel to a linear distance
between a start point and an end point of the blood vessel
may be used as the degree of meandering of blood vessels.
[0089] The blood concentration of blood vessels is a blood
vessel index value proportional to the amount of hemoglobin
that the blood vessels include. Since the ratio (G/R) of the
G values to the R values in the pixels representing the blood
vessels is proportional to the amount of hemoglobin, the
blood concentration can be calculated for each pixel by
calculating the value of G/R.

[0090] The degree of oxygen saturation of blood vessels is
the amount of oxyhemoglobin to the total amount of hemo-
globin (the total amount of oxyhemoglobin and reduced
hemoglobin). The degree of oxygen saturation can be cal-
culated using an endoscopic image obtained when the obset-
vation target is illuminated with light (for example, blue
light with a wavelength of about 47010 nm) of a specific
large wavelength range where a difference in light absorp-
tion coeflicient between the oxyhemoglobin and the reduced
hemoglobin is great. Since the B values of the pixels
representing the blood vessels has a correlation with the
degree of oxygen saturation in a case where the blue light
with a wavelength of about 47010 nm is used, the degree
of oxygen saturation of the respective pixels representing the
blood vessels can be calculated by using a table or the like
in which the B values are correlated with the degree of
oxygen saturation.

[0091] The proportion of arteries is the proportion of the
number of pixels of arteries to the number of pixels of all
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blood vessels. Similarly, the proportion of veins is the
proportion of the number of pixels of veins to the number of
pixels of all blood vessels. The arteries and the veins can be
distinguished from each other depending on the degree of
oxygen saturation. For example, in a case where blood
vessels with the degree of oxygen saturation of 70% or more
are the arteries, and blood vessels with the degree of oxygen
saturation of less than 70% are the veins, extracted blood
vessels are divided into the arteries and the veins. Thus, the
proportion of the above arteries and the proportion of the
veins can be calculated.

[0092] The concentration of an input coloring agent is the
concentration of a coloring agent dispersed in the observa-
tion target or a coloring agent injected into the blood vessels
by intravenous injection. The concentration of an input
coloring agent is calculated, for example, in the ratio of the
pixel values of the color of the coloring agent to the pixel
values of pixels other than the color of the coloring agent.
For example, in a case where a coloring agent coloring blue
color is input, B/G, B/R, or the like represents the concen-
tration of the coloring agent fixed (or temporarily adhered)
to the observation target.

[0093] The traveling pattern of blood vessels is a blood
vessel index value regarding the traveling direction of blood
vessels. The traveling pattern of blood vessels is, for
example, the average angle (traveling direction) of blood
vessels to an arbitrarily set reference line, the dispersion
(variations in traveling direction) of angles that blood ves-
sels make with respect to the arbitrarily set reference line, or
the like.

[0094] The blood flow rate (also referred to blood flow
velocity) of blood vessels is the number of red cells that pass
through blood vessels per unit time. For example, in a case
where an ultrasonic probe is used together via a forceps
channel or the like of the endoscope 12, the blood flow rate
of blood vessels can be obtained by calculating the Doppler
shift frequency of the respective pixels representing the
blood vessels of the endoscopic image, using signals
obtained by the ultrasonic probe.

[0095] The blood vessel index value acquisition unit 76
calculates a blood vessel index values for each pixel of the
endoscopic image, thereby acquiring the blood vessel index
value. For example, the blood vessel index value of one
pixel is calculated using the data of pixels in a predetermined
range including a pixel of which the blood vessel index
value is to be calculated (for example, a range of 99x99
pixels centered on a pixel of which the blood vessel index
value is to be calculated). For example, in a case where the
thickness of blood vessels is calculated as a blood vessel
index value, “the thickness of blood vessels” for each pixel
is the statistic amount of the thickness of blood vessels
appearing in the above predetermined range. The statistic
amount is a so-called basic statistic amount, for example, a
maximum value, a minimum value, an average value, a
median value, a most frequent value. Additionally, statistic
amount other than the exemplified values may be used. For
example, a value (the ratio of the maximum value to the
minimum value, and the like) calculated using a so-called
representative value, such as a maximum value, a minimum
value, an average value, a median value, or a most frequent
value, or so-called degree of scatter, such as variance,
standard deviation, or coefficient of variation, can be used.
[0096] In a case where the region of interest is set in a
portion of the endoscopic image by the operation of the
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console 19, the blood vessel index value acquisition unit 76
calculates blood vessel index values within the set region of
interest. In a case where the region of interest is not set or
in a case where the overall endoscopic image is set as the
region of interest, the blood vessel index value acquisition
unit 76 calculates blood vessel index values for the overall
endoscopic image.

[0097] In a case where the region of interest is set, the
blood vessel index value acquisition unit 76 calculates the
statistic amount of a blood vessel index value of each pixel
included in the region of interest, and acquires the value as
the blood vessel index value of the region of interest. For
example, in a case where the thickness of blood vessels is
calculated as a blood vessel index value, “the thickness of
blood vessels” of each pixel is calculated as described
above, and in a case where the region of interest is set, the
statistic amount of “the thickness of blood vessels” of each
pixel included in the region of interest is calculated, and one
“the thickness of blood vessels” is calculated for one set
region of interest. The same applies to a case where the
overall endoscopic image is set as the region of interest.
[0098] In addition, a statistic amount in a case where a
blood vessel index value for each pixel is calculated and a
statistic amount in a case where a blood vessel index value
of the region of interest is calculated may be the same
statistic amount, or may be different from each other. For
example, in a case where the thickness of blood vessels for
each pixel is calculated, an average value of the thickness of
blood vessels appearing in “the predetermined range” is
calculated, and then even in a case where the thickness of
blood vessels of the region of interest is calculated, an
average value of the thickness of blood vessels of each pixel
may be calculated, or the most frequent value of the thick-
ness of blood vessels of each pixel may be calculated.
[0099] Additionally, the blood vessel index value for each
pixel can be omitted depending on the types of blood vessel
index values to be calculated, a relationship between a
method of calculating the statistic amount in the case where
the blood vessel index value for each pixel is calculated and
a method of calculating the statistic amount in the case
where the blood vessel index value for the region of interest
is calculated, or the like. For example, in the case of “the
thickness of blood vessels”, an average value of the thick-
ness of blood vessels appearing in the region of interest can
be set to the thickness of blood vessels of the region of
interest.

[0100] In the present embodiment, the blood vessel index
value acquisition unit 76 acquires the blood vessel index
values regarding the surface layer blood vessels 92 extracted
from the special observation image 90 and the special
observation image 94, respectively, by the blood vessel
extraction unit 74. Additionally, the first blood vessel index
value is the same type as the second blood vessel index
value, and these values are different from each other. For
example, both the types of the first blood vessel index value
and the second blood vessel index value are the numbers of
blood vessels, that is, the numbers of the surface layer blood
vessels 92. The number (first blood vessel index value) of
the surface layer blood vessels 92 at the non-magnified
observation distance is smaller than the number (second
blood vessel index value) of the surface layer blood vessels
92 at the magnified observation distance.

[0101] In the special observation image 90 obtained at the
non-magnified observation distance, only some surface layer
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blood vessels 92 among the surface layer blood vessels 92
on the special observation image 94 obtained at the magni-
fied observation distance appear. Hence, the number (second
blood vessel index value) of the surface layer blood vessels
92 at the magnified observation distance is more accurate
than the number (first blood vessel index value) of the
surface layer blood vessels 92 at the non-magnified obser-
vation distance.

[0102] The blood vessel parameter calculation unit 78
calculates a blood vessel parameter, using the first blood
vessel index value and the second blood vessel index value.
Specifically, the blood vessel parameter calculation unit 78
performs calculation while performing weighting based on
the first blood vessel index value and the second blood
vessel index value on the first blood vessel index value and
the second blood vessel index value, thereby calculating the
blood vessel parameter.

[0103] The blood vessel parameter is a numerical value
calculated using a plurality of blood vessel index values in
imitation of the viewpoint of a doctor who comprehensively
performs diagnosis in consideration of the plurality of blood
vessel index values. Since the blood vessel parameter is
calculated by calculating blood vessel index values with
mutually different dimensions (units) through calculation,
such as addition, there is no physical meaning in the blood
vessel parameter, but the blood vessel parameter functions
as an index of diagnosis. That is, the blood vessel parameter
is different from the blood vessel index values in that the
parameter is a value with physical meaning.

[0104] As illustrated in FIG. 5, in the present embodiment,
the blood vessel parameter calculation unit 78 performs
addition after the first blood vessel index value and the
second blood vessel index value are multiplied by weighting
coeflicients. A weighting coeflicient for the number (first
blood vessel index value) of the surface layer blood vessels
92 at the non-magpnified observation distance is defined as a.
The weighting coeflicient a is the ratio of the number of
surface layer blood vessels 92 at the non-magnified obser-
vation distance to the number of surface layer blood vessels
92 at the magnified observation distance. Additionally, a
weighting coefficient for the number (second blood vessel
index value) of the surface layer blood vessels 92 at the
magnified observation distance is defined as 0. The weight-
ing coeflicient p is the ratio of the number of surface layer
blood vessels 92 at the magnified observation distance to the
number of surface layer blood vessels 92 at the non-
magnified observation distance. Since the number of surface
layer blood vessels 92 at the magnified observation distance
is more accurate than the number of surface layer blood
vessels 92 at the non-magnified observation distance as
described above, the blood vessel parameter calculation unit
78 makes the weighting coeflicient § for the number of
surface layer blood vessels 92 at the magnified observation
distance greater than the weighting coefficient a for the
number of surface layer blood vessels 92 at the non-
magnified observation distance (a<f). The weighting coef-
ficients o and  are stored in a weighting coeflicient table 96,
and are determined in advance, for example, by machine
learning. In addition, the blood vessel parameter calculation
unit 78 may calculate the weighting coefficients a and f§ as
described above.

[0105] The video signal generation unit 62 converts the
endoscopic image processed by the image processing unit 60
into video signals capable of being output and displayed by
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the monitor 18. Additionally, as illustrated in FIG. 6, the
video signal generation unit 62, for example, displays the
special observation image 90 on the monitor 18, and dis-
plays the blood vessel parameter calculated by the blood
vessel parameter calculation unit 78 on a blood vessel
parameter display unit 98 set on the monitor 18.

[0106] Next, the endoscope system 10 of the invention
will be described along a flowchart of FIG. 7.

[0107] The image acquisition unit 70 acquires the endo-
scopic image obtained by imaging the observation target by
the endoscope 12 (S11). In the present embodiment, the
image acquisition unit 70 acquires the special observation
image 90 at the non-magnified observation distance, with
the non-magnified observation distance, which is the obser-
vation distance when the change in the zoom magnification
factor is started, as the first observation condition, in a case
where the zooming operating unit 13d is operated. Addi-
tionally, the image acquisition unit 70 acquires the special
observation image 94 at the magnified observation distance,
with the magnified observation distance, which is the obser-
vation distance when the change in the zoom magnification
factor is ended, as the second observation condition. The
blood vessel extraction unit 74 extracts blood vessels of the
observation target from the special observation image 90
and the special observation image 94, respectively. Specifi-
cally, the blood vessel extraction unit 74 extracts the surface
layer blood vessels 92 and the middle-deep layer blood
vessels 93, respectively.

[0108] The blood vessel index value acquisition unit 76
acquires the first blood vessel index value in the first
observation condition and the second blood vessel index
value in the second observation condition, using the endo-
scopic image acquired by the image acquisition unit 70
(512). Specifically, the blood vessel index value acquisition
unit 76 calculates the number of surface layer blood vessels
92 extracted by the blood vessel extraction unit 74, from the
special observation image 90 obtained at the non-magnified
observation distance. The blood vessel index value acqui-
sition unit 76 acquires the number of surface layer blood
vessels 92 at the calculated non-magnified observation dis-
tance as the first blood vessel index value. Additionally the
blood vessel index value acquisition unit 76 calculates the
number of surface layer blood vessels 92 extracted by the
blood vessel extraction unit 74, from the special observation
image 94 obtained at the magnified observation distance.
The blood vessel index value acquisition unit 76 acquires the
number of surface layer blood vessels 92 at the calculated
magnified observation distance as the second blood vessel
index value.

[0109] Next, the blood vessel parameter calculation unit
78 calculates the blood vessel parameter, using the first
blood vessel index value and the second blood vessel index
value (S13). Specifically, the blood vessel parameter calcu-
lation unit 78 performs addition after the number of surface
layer blood vessels 92 at the non-magnified observation
distance, and the number of surface layer blood vessels 92
at the magnified observation distance is multiplied by the
ratio of the number of surface layer blood vessels 92 at the
non-magnified observation distance and the number of sur-
face layer blood vessels 92 at the magnified observation
distance. Then, the blood vessel parameter calculated by the
blood vessel parameter calculation unit 78 is displayed on
the monitor 18 together with the endoscopic image by the
video signal generation unit 62 (S14).
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[0110] As described above, since the first blood vessel
index value in the first observation condition is acquired, the
second blood vessel index value in the second observation
condition that is different from the first observation condi-
tion is acquired, and the blood vessel parameter is calculated
using the first blood vessel index value and the second blood
vessel index value, a suitable blood vessel parameter accord-
ing to the observation conditions can be presented to a
doctor.

[0111] In addition, in the above first embodiment, the
blood vessel index value acquisition unit 76 acquires the two
blood vessel index values of the first blood vessel index
value and the second blood vessel index value. However,
two or more blood vessel index values including the first
blood vessel index value and the second blood vessel index
value may be acquired.

[0112] Additionally, although the blood vessel parameter
calculation unit 78 calculates the blood vessel parameter
using the two blood vessel index values of the first blood
vessel index value and the second blood vessel index value,
the blood vessel parameter may be calculated using two or
more blood vessel index values including the first blood
vessel index value and the second blood vessel index value.
[0113] Additionally, in the above first embodiment, the
blood vessel parameter calculation unit 78 multiplies the
first blood vessel index value and the second blood vessel
index value by the weighting coeflicients, respectively.
However, in a case where the blood vessel parameter is
calculated using a specific blood vessel index value in
addition to the first blood vessel index value and the second
blood vessel index value, the blood vessel index values other
than the specific blood vessel index value may be multiplied
by the weighting coeflicients without multiplying the spe-
cific blood vessel index value by a weighting coefficient.
The “specific blood vessel index value” includes a blood
vessel index value regarding certain blood vessels under an
observation condition in which it is difficult to accurately
observe the blood vessels. For example, the specific blood
vessel index value is a blood vessel index value regarding
thick blood vessels in a case where the observation distance
is short. In an endoscopic image obtained in a case where the
observation distance is short, it is difficult to accurately
observe a full view due to breaking of some of the thick
blood vessels, and the like, as compared to a case where the
observation distance is long. In addition, the specific blood
vessel index value can also be set by an input operation of
the console 19.

[0114] As illustrated in FIG. 8, in a case where the specific
blood vessel index value is acquired in addition to the first
blood vessel index value and the second blood vessel index
value, the blood vessel parameter calculation unit 78 mul-
tiplies the first blood vessel index value by the weighting
coeflicient a, multiplies the second blood vessel index value
by the weighting coeflicient p, does not the specific blood
vessel index value by a weighting coeflicient, and adds up
the respective blood vessel index values. Accordingly, the
blood vessel parameter can be calculated more accurately. In
addition, similar to the above, the weighting coefficients a
and p may be weighting coeflicients based on the first blood
vessel index value and the second blood vessel index value.
[0115] In addition, in a case where the specific blood
vessel index value is acquired, the blood vessel parameter
calculation unit 78 may not use the specific blood vessel
index value for the calculation of the blood vessel parameter.
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Second Embodiment

[0116] In the above first embodiment, the blood vessel
parameter calculation unit 78 multiplies the first blood
vessel index value and the second blood vessel index value
by the weighting coefficients based on the first blood vessel
index value and the second blood vessel index value. How-
ever, in a second embodiment, the multiplication of the
above weighting coeflicients is performed after the first
blood vessel index value and the second blood vessel index
value are corrected using correction values based on obser-
vation conditions, respectively. In this case, as illustrated in
FIG. 9, the image processing unit 100 is provided with a
blood vessel index value correction unit 102 in addition to
the respective components of the image processing unit 60
of the above first embodiment. In the following, description
of the same components as those of the above first embodi-
ment will be omitted. In the second embodiment, the CPU
of the processor device 16 functions as the image signal
acquisition unit 50, the noise reduction unit 54, the signal
processing unit 58, the blood vessel index value correction
unit 102, and the video signal generation unit 62.

[0117] The blood vessel index value correction unit 102
corrects the first blood vessel index value with a first
correction value based on the first observation condition and
corrects the second blood vessel index value with a second
correction value based on the second observation condition.
For example, the blood vessel index value correction unit
102 multiplies the density of blood vessels at the non-
magnified observation distance by the first correction value.
Since the area of a mucous membrane on an image at the
magnified observation distance is small as compared with
the case of the non-magnified observation distance, the ratio
of blood vessels to a unit area is great. For this reason, the
density of blood vessels at the non-magnified observation
distance is more accurate than the density of blood vessels
at the magnified observation distance. Hence, the blood
vessel index value correction unit 102 multiplies the density
of blood vessels by the first correction value, thereby cor-
recting the density of blood vessels, in the case of the
non-magnified observation distance. The first correction
value is a greater value than 1.

[0118] Additionally, the length of the thick blood vessels
at the non-magnified observation distance is multiplied by
the second correction value. At the magnified observation
distance, it is difficult to accurately observe the full view of
the thick blood vessels as described above as compared to
the case of the non-magnified observation distance. Thus, it
1s difficult to acquire the length of the thick blood vessels
accurately. For this reason, the length of the thick blood
vessels at the non-magnified observation distance is more
accurate than the length of the thick blood vessels at the
magnified observation distance. Hence, the blood vessel
index value correction unit 102 multiplies the length of the
thick blood vessels by the second correction value, thereby
correcting the length of the thick blood vessels, in the case
of the non-magnified observation distance. The second cor-
rection value is a greater value than 1.

[0119] The blood vessel parameter calculation unit 78
multiplies the density of blood vessels at the non-magnified
observation distance corrected with the first correction value
by the weighting coefficient based on the density of blood
vessels at the non-magnified observation distance and the
length of the thick blood vessels at the non-magnified
observation distance. Similarly, the blood vessel parameter
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calculation unit 78 multiplies the length of the thick blood
vessels at the non-magnified observation distance corrected
with the second correction value by the weighting coeflicient
based on the density of blood vessels at the non-magnified
observation distance and the length of the thick blood
vessels at the non-magnified observation distance. Then, the
blood vessel parameter calculation unit 78 can add the
density of blood vessels corrected with the first correction
value and the length of the thick blood vessels corrected with
the second correction value together, thereby more accu-
rately calculating the blood vessel parameter.

[0120] In addition, the first correction value and the sec-
ond correction value can be arbitrarily set on the basis of an
input operation of the console 19.

Third Embodiment

[0121] In the above second embodiment, the first obser-
vation condition and the second observation condition are
acquired by the observation condition acquisition unit 72.
However, a first observation distance and a second obset-
vation distance are acquired in the third embodiment. In this
case, as illustrated in FIG. 10, an image processing unit 110
is provided with a distance acquisition unit 112 instead of the
observation condition acquisition unit 72 of the image
processing unit 100 of the above second embodiment. In the
third embodiment, the CPU of the processor device 16
functions as the image signal acquisition unit 50, the noise
reduction unit 54, the signal processing unit 58, the image
processing unit 110, and the video signal generation unit 62.
[0122] The distance acquisition unit 112 acquires the first
observation distance, which is the observation distance from
the observation target, and the second observation distance
different from the first observation distance, from the endo-
scopic image acquired by the image acquisition unit 70.
[0123] Specifically, the distance acquisition unit 112 splits
an endoscopic image 114 illustrated in FIG. 11 into two
areas of a first area 116 and a second area 117. The
endoscopic image 114 is an image captured in a state where
the endoscope 12 is tilted with respect to an axis orthogonal
to the surface of the observation target, and the depth of the
observation target is shown. A dark part 118 is present in a
depth direction in the first area 116. In the dark part 118, the
exposure amount becomes equal to or smaller than a thresh-
old value. The second area 117 has a substantially constant
exposure amount.

[0124] The distance acquisition unit 112 obtains an aver-
age exposure amount of the first area 116, thereby obtaining
an average observation distance of the first area 116. The
distance acquisition unit 112 acquires the obtained average
observation distance of the first area 116 as the first obser-
vation distance. Similarly, the distance acquisition unit 112
obtains an average exposure amount of the second area 117,
thereby obtaining an average observation distance of the
second area 117. The distance acquisition unit 112 acquires
the obtained average observation distance of the second area
117 as the second observation distance. The average expo-
sure amount in the first area 116 including the dark part 118
is smaller than that in the second area 117. For this reason,
the first observation distance is a longer distance than the
second observation distance.

[0125] In addition, the distance acquisition unit 112 can
obtain exposure amounts regarding respective positions
within the endoscopic image 114, thereby obtaining the
distribution of the exposure amounts within the endoscopic
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image 114. Also, the distance acquisition unit 112 can
estimate the angle of the endoscope 12 on the basis of the
distribution of the exposure amounts. The distance acquisi-
tion unit 112 may acquire the first observation distance and
the second observation distance, using the endoscopic image
114, in a case where the endoscope 12 is estimated to be
angled, and may not acquire the first observation distance
and the second observation distance, in a case where the
endoscope 12 is estimated not be angled.

[0126] In the blood vessel index value acquisition unit 76,
the first observation distance is set to the first observation
condition, and the first blood vessel index value of the first
observation distance is acquired. Similarly, the blood vessel
index value acquisition unit 76 sets the second observation
distance as the second observation condition, and acquires
the second blood vessel index value of the second observa-
tion distance.

[0127] The blood vessel index value acquisition unit 76
acquires, for example, the number of surface layer blood
vessels 92 in the first area 116 of the first observation
distance. Additionally, the blood vessel index value acqui-
sition unit 76 acquires the number of surface layer blood
vessels 92 in the second area 117 of the second observation
distance. In addition, in the first area 116 of the first
observation distance, only some surface layer blood vessels
92 among the surface layer blood vessels 92 of the second
area 117 of the second observation distance appear. Hence,
the number of surface layer blood vessels 92 in the second
observation distance is more accurate than the number of
surface layer blood vessels 92 in the first observation
distance.

[0128] In the blood vessel index value correction unit 102,
the number of surface layer blood vessels 92 in the first
observation distance is corrected with the first correction
value, and the number of surface layer blood vessels 92 at
the second observation distance is corrected with the second
correction value. That is, in the third embodiment, the first
correction value is a correction value in a case where the first
observation condition is the first observation distance. Addi-
tionally, the second correction value is a correction value in
a case where the second observation condition is the second
observation distance. For this reason, even in a case where
an endoscopic image captured in a state where the endo-
scope 12 is angled is used, the blood vessel parameter can
be accurately calculated.

Fourth Embodiment

[0129] In the above respective embodiments, the blood
vessel parameter is displayed on the monitor 18. However,
in a fourth embodiment, the state of the mucous membrane
of the observation target is determined using the blood
vessel parameter, and this determination result is displayed
on the monitor 18 together with the blood vessel parameter.
As illustrated in FIG. 12, an image processing unit 120 of the
fourth embodiment is provided with a determination unit
122 in addition to the respective parts of the image process-
ing unit 60 of the above first embodiment. In the fourth
embodiment, the CPU of the processor device 16 functions
as the image signal acquisition unit 50, the noise reduction
unit 54, the signal processing unit 58, the image processing
unit 120, and the video signal generation unit 62.

[0130] The determination unit 122 determines the state of
the mucous membrane of the observation target, using the
blood vessel parameter calculated by the blood vessel
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parameter calculation unit 78. The “state of the mucous
membrane” of the observation target is an overall status as
the entire mucous membrane including the blood vessels, for
example, is “normal”, “adenoma (there is doubt of adenoma)
”, or “cancer (there is doubt of cancer)”. In this case, the
determination unit 122 determines the state of the mucous
membrane as three types of states of normality, adenoma,
and cancer.

[0131] For example, it is assumed that a weighting coef-
ficient to be used for the calculation of the blood vessel
parameter is set to the balance capable of determining the
state of the mucous membrane as any of the three types of
states of normality, adenoma, and cancer. In this case, the
determination unit 122 compares a numerical value of the
blood vessel parameter with a threshold value, thereby
determining the state of the mucous membrane. Specifically,
in a case where the blood vessel parameter is equal to or
smaller than a first threshold value, the determination unit
122 determines the state of the mucous membrane of the
observation target as “normal”. In a case where the blood
vessel parameter is greater than the first threshold value and
is equal to or smaller than a second threshold value, the
determination unit 122 determines the state of the mucous
membrane of the observation target as “adenoma”. In a case
where the blood vessel parameter is equal than the second
threshold value, the determination unit 122 determines the
state of the mucous membrane of the observation target as
“cancer”. As illustrated in FIG. 13, a determination result is
displayed on a determination result display unit 124 set on
the monitor 18. In this way, diagnosis can be more directly
supported by determining the state of the mucous membrane
of the observation target, using the blood vessel parameter,
and displaying this determination result.

[0132] In addition, it is desirable that the determination
unit 122 determines the state of the mucous membrane as the
three or more types of states including normality, adenoma,
and cancer. Particularly, in a case where the state of a
mucous membrane of the large intestine is determined, it is
desirable to determine the state of the mucous membrane as
any of states including normality, hyperplastic polyp (HP),
sessile serrated adenoma polyp (SSA/P), traditional serrated
adenoma (TSA), laterally spreading tumor (LST), and can-
cer.

[0133] In a case where the determination results of the
determination unit 122 are subdivided in this way, it is
preferable that the determination unit 122 uses the blood
vessel index values in addition to the blood vessel parameter.

[0134] In the related art, it was considered that the hyper-
plastic polyp had a low risk of cancelation and have no
necessity for treatment. However, in recent years, since an
example in which the SSA/P similar to the hyperplastic
polyp was cancerated is also discovered, it is becoming
important to distinguish particularly between the hyperplas-
tic polyp and the SSA/P. Meanwhile, in a case where a
middle-deep layer blood vessel is crossing the bottom of a
thickened mucous membrane believed to be the hyperplastic
polyp or SSA/P, it is known that the SSA/P is highly likely
to be formed. In a case where the blood vessel parameter is
used, the hyperplastic polyp and the SSA/P can be differ-
entiated by the determination unit 122. Moreover, in a case
where a determination is performed by combining the blood
vessel parameter and the blood vessel index values (the
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thickness and length of blood vessels), the SSA/P can be
differentiated from the hyperplastic polyp with higher prob-
ability.

[0135] Additionally, in a case where the state of the
mucous membrane of the observation target is determined as
cancer, it is preferable that the determination unit 122
determines the stage of cancer using the blood vessel
parameter. It is preferable to display the stage of cancer
determined by the determination unit 122 on the monitor 18.
In this way, in a case where the stage is further determined
and the result is displayed on the monitor 18 in a case where
the state of the mucous membrane of the observation target
is determined as cancer, diagnosis can be supported more
finely.

[0136] Additionally, the blood vessel index values and the
weighting coeflicients to be used in a case where the blood
vessel parameter is calculated may be displayed on the
monitor 18. In this case, it is preferable that the blood vessel
index values calculated by the blood vessel index value
acquisition unit 76 with the weighting coefficients are dis-
played to match each other. In addition, only the blood
vessel index values or the weighting coefficients may be
displayed. In this way, it becomes easy for doctors to
ascertain the meaning of the blood vessel parameter and the
ground for the determination by displaying the blood vessel
index values and the weighting coeflicients to be used for the
calculation of the blood vessel parameter.

[0137] In addition, in the above respective embodiments,
the first blood vessel index value may be the same type as
the second blood vessel index value or may be mutually
different values. However, the first blood vessel index value
may be of a type different from the second blood vessel
index value. For example, the first blood vessel index value
may be the density of blood vessels, and the second blood
vessel index value may be the depth of blood vessels. By
using the plurality of blood vessel index values having
different types in this way, diagnosis of a lesion different
from a case where the same types of blood vessel index
values are used can be supported.

[0138] In addition, in the above respective embodiments,
the blood vessel parameter is calculated by performing
addition after the plurality of blood vessel index values are
weighted. However, methods of calculating the blood vessel
parameter are optional. For example, the blood vessel
parameter may be calculated by the four arithmetic opera-
tions. Additionally, the blood vessel parameter may be
calculated using other functions. In addition, in this case, the
determination unit 122 may compare a numerical value of
the blood vessel parameter obtained by the four arithmetic
operations with a threshold value, thereby determining the
state of the mucous membrane.

[0139] In addition, in the above respective embodiments,
as the observation modes, the two types of observation
modes of the normal mode and the special mode are pro-
vided. However, three or more types of observation modes
may be provided. For example, the endoscope system 10 has
a surface layer blood vessel observation mode and a middle-
deep layer blood vessel observation mode in addition to the
above two types of observation modes. The observation
condition acquisition unit 72 may acquire the surface layer
blood vessel observation mode as the first observation
condition, and may acquire the middle-deep layer blood
vessel observation mode as the second observation condi-
tion.
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[0140] In the Surface layer blood vessel observation
mode, purple light and blue light are emitted as the illumi-
nation light. In an endoscopic image obtained in the surface
layer blood vessel observation mode, the surface layer blood
vessels can be observed clearly. In the middle-deep layer
blood vessel observation mode, green light and red light are
emitted as the illumination light. In the endoscopic image
obtained in the middle-deep layer blood vessel observation
mode, the middle-deep layer blood vessels can be observed
clearly.

[0141] In the blood vessel index value acquisition unit 76,
the blood vessel index values of the surface layer blood
vessels are acquired in the case of the surface layer blood
vessel observation mode, and the blood vessel index values
of the middle-deep layer blood vessels are acquired in the
case of the middle-deep layer blood vessel observation
mode. In the blood vessel parameter calculation unit 78, a
the blood vessel parameter can be accurately calculated by
using the blood vessel index values of the surface layer
blood vessels obtained in the surface layer blood vessel
observation mode and the blood vessel index values of the
middle-deep layer blood vessels obtained in the middle-deep
layer blood vessel observation mode.

Fifth Embodiment

[0142] In the fifth embodiment, the observation target is
illuminated using a broadband light source, such as a xenon
lamp, and a rotation filter instead of the four-color LEDs 20a
to 20d illustrated in the above respective embodiments.
Additionally, the observation target is imaged by a mono-
chrome imaging sensor instead of the color imaging sensor
38. The others are the same as those of the first embodiment.
[0143] As illustrated in FIG. 14, in an endoscope system
200 of the fifth embodiment, in the light source device 14,
a broadband light source 202, a rotation filter 204, and a
filter switching unit 206 are provided instead of the four-
color LEDs 20a to 20d. Additionally, the imaging optical
system 306 is provided with a monochrome imaging sensor
208, which is not provided with a color filter, instead of the
color imaging sensor 38.

[0144] The broadband light source 202 is a xenon lamp, a
white LED, or the like, and emits white light of which the
wavelength range ranges from blue to red. The rotation filter
204 includes a normal mode filter 210 provided inside, and
a special mode filter 212 provided outside (refer to FIG. 15).
The filter switching unit 206 moves the rotation filter 204 in
a radial direction, inserts the normal mode filter 210 of the
rotation filter 204 into an optical path for white light in a case
where the normal mode is set by a mode switchover switch
(not illustrated), and inserts the special mode filter 212 of the
rotation filter 204 into the optical path for white light in a
case where the special mode is set.

[0145] As illustrated in FIG. 15, a B filter 2104, a G filter
2105, and an R filter 210¢ is provided in a circumferential
direction in the normal mode filter 210. The B filter 210a
allows blue light in white light be transmitted therethrough.
The G filter 2105 allows green light in white light to be
transmitted therethrough. The R filter 210¢ allows red light
in white light to be transmitted therethrough. Hence, in the
normal mode, the observation target is alternately illumi-
nated with blue light, green light, and red light as the rotation
filter 204 rotates.

[0146] A Bn filter 2124, a G filter 212b, and an R filter
212¢ are provided in the circumferential direction in the
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special mode filter 212. The Bn filter 212a allows blue
narrowband light of a specific wavelength range in white
light to be transmitted therethrough. The G filter 2125 allows
green light in white light to be transmitted therethrough. The
R filter 212¢ allows red light in white light to be transmitted
therethrough. Hence, in the special mode, the observation
target are alternately illuminated with narrowband light,
green light, and red light as the rotation filter 204 rotates.

[0147] In addition, in addition to the above respective
filters 212a to 212¢, a V filter that allows purple light in
white light to be transmitted therethrough and a B filter that
allows blue light in white light to be transmitted there-
through may be provided in the special mode filter 212. As
in the above first embodiment, in a case where the purple
light V and the blue light B are emitted sequentially in the
special mode, the special mode filter 212 may be provided
with the V filter and the B filter.

[0148] In the endoscope system 200, in the normal mode,
the observation target is imaged by the monochrome imag-
ing sensor 208 whenever the observation target is illumi-
nated with blue light, green light, and red light. Accordingly,
image signals of three colors of RGB can be obtained. Then,
a normal observation image is created by the same method
as the above first embodiment on the basis of the RGB-color
image signals.

[0149] Meanwhile, in the special mode, the observation
target is imaged by the monochrome imaging sensor 208
whenever the observation target is illuminated with blue
narrowband light, green light, and red light. Accordingly, a
Bn image signal, a G image signal, and a R image signal can
be obtained. A special observation image is generated by the
same method as the first embodiment, on the basis of the Bn
image signal, the G image signal, and the R image signal.

Sixth Embodiment

[0150] Inthe above respective embodiments, the invention
is implemented by the endoscope system 10 or the endo-
scope system 200 that inserts the endoscope 12 provided
with the imaging sensor 38 into a subject, thereby perform-
ing observation. However, in the sixth embodiment, the
invention is implemented in a capsule endoscope system.
The capsule endoscope system has, for example, at least a
capsule endoscope 300 illustrated in FIG. 16, and a proces-
sor device (not illustrated). The capsule endoscope 300
includes a light source 302, a light source control unit 303,
an imaging sensor 304, an image signal acquisition process-
ing unit 306, and a transmitting and receiving antenna 308.
The light source 302 is configured similar to the light source
20 of the endoscope system 10, and emits illumination light
through the control of the light source control unit 303. The
image signal acquisition processing unit 306 functions as the
image signal acquisition unit 50, the DSP 52, the noise
reduction unit 54, and the signal processing unit 58. The
processor device of the capsule endoscope system is con-
figured similar to the processor device 16 of the endoscope
system 10, and also functions as the image processing unit
60. The endoscopic image generated by the image signal
acquisition processing unit 306 is transmitted to the proces-
sor device via the transmitting and receiving antenna 308. In
the processor device, the first blood vessel index value in the
first observation condition is acquired from the received
endoscopic image, the second blood vessel index value in
the second observation condition is acquired from the
received endoscopic image. and the blood vessel parameter
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is calculated using the first blood vessel index value and the
second blood vessel index value.

EXPLANATION OF REFERENCES

[0151] 10, 200: endoscope system

[0152] 12: endoscope

[0153] 14: light source device

[0154] 16: processor device

[0155] 70: image acquisition unit

[0156] 74: blood vessel extraction unit

[0157] 76: blood vessel index value acquisition unit
[0158] 78: blood vessel parameter calculation unit

[0159] 102: blood vessel index value correction unit
[0160] 112: distance acquisition unit
[0161] 122: determination unit

What is claimed is:

1. An endoscope system comprising:

an image acquisition unit that acquires an image obtained
by imaging an observation target by an endoscope;

ablood vessel index value acquisition unit that acquires a
first blood vessel index value in a first observation
condition and a second blood vessel index value in a
second observation condition different from the first
observation condition, as blood vessel index values of
blood vessels of an observation target from the image,
thereby acquiring at least two or more blood vessel
index values including the first blood vessel index
value and the second blood vessel index value;

a blood vessel parameter calculation unit that calculates a
blood vessel parameter, using the first blood vessel
index value and the second blood vessel index value,
and

ablood vessel index value correction unit that corrects the
first blood vessel index value with a first correction
value based on the first observation condition and
corrects the second blood vessel index value with a
second correction value based on the second observa-
tion condition,

wherein the blood vessel parameter calculation unit per-
forms calculation while performing weighting on the
first blood vessel index value corrected with the first
correction value and the second blood vessel index
value corrected with the second correction value.

2. The endoscope system according to claim 1,

wherein the blood vessel index value acquisition unit
acquires at least three or more blood vessel index
values including the first blood vessel index value, the
second blood vessel index value, and a specific blood
vessel index value, and

wherein the blood vessel parameter calculation unit per-
forms calculation while performing weighting on only
blood vessel index values other than the specific blood
vessel index value among the three or more blood
vessel index values.

3. The endoscope system according to claim 1, further

comptrising:

a distance acquisition unit that acquires a first observation
distance, which is an observation distance from the
observation target, and a second observation distance
different from the first observation distance, from the
image,

wherein the first correction value is a correction value in
a case where the first observation condition is the first
observation distance, and
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wherein the second correction value is a correction value
in a case where the second observation condition is the
second observation distance.

4. The endoscope system according to claim 1,

wherein the blood vessel parameter calculation unit cal-
culates the blood vessel parameter by four arithmetic
operations.

5. The endoscope system according to claim 1, further

comprising:

a determination unit that determines a state of a mucous
membrane of the observation target, using the blood
vessel parameter.

6. The endoscope system according to claim 4, further

comprising:

a determination unit that determines a state of a mucous
membrane of the observation target, using the blood
vessel parameter.

7. The endoscope system according to claim 5,

wherein the determination unit determines the state of the
mucous membrane of the observation target as any of
three or more types of states including normality,
adenoma, and cancer, using the blood vessel parameter.

8. The endoscope system according to claim 7,

wherein the determination unit determines the state of the
mucous membrane of the observation target as any one
of states including normality, hyperplastic polyp, SSA/
P, adenoma, laterally spreading tumor, and cancer,
using the blood vessel parameter.

9. The endoscope system according to claim 7,

wherein the determination unit further determines a stage
of cancer in a case where the state of the mucous
membrane of the observation target is determined as
the state of cancer.

10. The endoscope system according to claim 8,

wherein the determination unit further determines a stage
of cancer in a case where the state of the mucous
membrane of the observation target is determined as
the state of cancer.

11. The endoscope system according to claim 1,

wherein the blood vessel index value acquisition unit
acquires at least two or more blood vessel index values
from a number of blood vessels, a number of branches
of blood vessels, a branch angle of blood vessels, a
distance between branch points, a number of intersec-
tions of blood vessels, a thickness of blood vessels, a
change in thickness of blood vessels, a degree of
complexity of a change in thickness of blood vessels, a
length of blood vessels, an interval of blood vessels, a
depth of blood vessels, a height difference of blood
vessels, an inclination of blood vessels, an area of
blood vessels, a density of blood vessels, a contrast of
blood vessels, a color of blood vessels, a change in
color of'blood vessels, a degree of meandering of blood
vessels, a blood concentration of blood vessels, a
degree of oxygen saturation of blood vessels, a pro-
portion of arteries, a proportion of veins, a concentra-
tion of am input coloring agent, a traveling pattern of
blood vessels, or a blood flow rate of blood vessels.

12. The endoscope system according to claim 9,

wherein the blood vessel index value acquisition unit
acquires at least two or more blood vessel index values
from a number of blood vessels, a number of branches
of blood vessels, a branch angle of blood vessels, a
distance between branch points, a number of intersec-
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tions of blood vessels, a thickness of blood vessels, a
change in thickness of blood vessels, a degree of
complexity of a change in thickness of blood vessels, a
length of blood vessels, an interval of blood vessels, a
depth of blood vessels, a height difference of blood
vessels, an inclination of blood vessels, an area of
blood vessels, a density of blood vessels, a contrast of
blood vessels, a color of blood vessels, a change in
color of blood vessels, a degree of meandering of blood
vessels, a blood concentration of blood vessels, a
degree of oxygen saturation of blood vessels, a pro-
portion of arteries, a proportion of veins, a concentra-
tion of am input coloring agent, a traveling pattern of
blood vessels, or a blood flow rate of blood vessels.

13. The endoscope system according to claim 11,

wherein the first blood vessel index value is the same type
as the second blood vessel index value, and the values
are different from each other.

14. The endoscope system according to claim 11,
wherein the first blood vessel index value is of a type
different from the second blood vessel index value.

15. The endoscope system according to claim 1,

wherein the first observation condition and the second
observation condition are at least any one of an obser-
vation distance from the observation target, a zoom
magnification factor of the endoscope, an observation
mode in which special light is used, or a coloring agent
dispersed in the observation target.

16. The endoscope system according to claim 10,

wherein the first observation condition and the second
observation condition are at least any one of an obset-
vation distance from the observation target, a zoom
magnification factor of the endoscope, an observation
mode in which special light is used, or a coloring agent
dispersed in the observation target.
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17. The endoscope system according to claim 14,

wherein the first observation condition and the second
observation condition are at least any one of an obser-
vation distance from the observation target, a zoom
magnification factor of the endoscope, an observation
mode in which special light is used, or a coloring agent
dispersed in the observation target.

18. A method of operating an endoscope system compris-

ing:

acquiring an image obtained by imaging an observation
target by an endoscope by an image acquisition unit;

acquiring a first blood vessel index value in a first
observation condition and a second blood vessel index
value in a second observation condition different from
the first observation condition, as blood vessel index
values of blood vessels of an observation target from
the image, thereby acquiring at least two or more blood
vessel index values including the first blood vessel
index value and the second blood vessel index value by
a blood vessel index value acquisition unit;

calculating a blood vessel parameter, using the first blood
vessel index value and the second blood vessel index
value, by a blood vessel parameter calculation unit, and

correcting the first blood vessel index value with a first
correction value based on the first observation condi-
tion and correcting the second blood vessel index value
with a second correction value based on the second
observation condition by a blood vessel index value
correction unit,

wherein the blood vessel parameter calculation unit per-
forms calculation while performing weighting on the
first blood vessel index value corrected with the first
correction value and the second blood vessel index
value corrected with the second correction value.
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