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(7) ABSTRACT

There are provided an image processing apparatus, an endo-
scope system, and an image processing method for assisting
diagnosis more effectively by calculating more intuitive and
useful information than blood vessel information for a
specific submucosal depth.

An image processing apparatus includes an image acquisi-
tion unit that acquires an endoscope image, a blood vessel
extraction unit that extracts a blood vessel at a specific depth
of the observation target from the endoscope image. a blood
vessel information calculation unit that calculates blood
vessel information regarding the blood vessel extracted by
the blood vessel extraction unit, and a blood vessel param-
eter calculation unit that calculates a blood vessel parameter,
which is relevant to the blood vessel at the specific depth, by
calculation using the blood vessel information.




Patent Application Publication  Aug. 2, 2018 Sheet 1 of 12 US 2018/0214004 A1

FIG. 1
|

2b

B T —




=
= T T T T T T e e e e e e - = 1
S | | | ol
I _ L _ \\
S | | 1| LUNnT0uINOD | [30Hn0S |
= | | 1 [308N0S LHO 1HON vl
& _ AHONIN T 7 |
2 | B L (44 0¢ !
| 19 1 -
- _ 1NN [
= ! NOLLONG@RY | | e ———————— pem
s P | BN | | Ly~ ;
b _ _ SNIT | !
» SNLYHYddY | “
2 |onissaooud| | » 85 | | NOLLYNIANTH] |
2 | | dsa | e—
- g % | sv_obe
S | Lt 1NN |
e IDOVHOLS |t [LINNDNISSIOOHd| -l | - - HOSNAS | | SNAT SNTT
s | TINOIS LA e VA gy MUY ONIDVHI| | 1002 | |3ALLO3E0
- " < “ | 26 lc \ \\ + \ <
v9 | ‘ € 1 8 L ov  q0¢
| LINN NOLLYHINTD _ _ LINN NOILOMYLSNI 1INN
€97 TvNaIS 03I — NOLLISINOQY | __|NOLY¥3d0
| L J9VHI TILS el 9€1~1 Wooz
Y 1 e e
ﬂ 91 ¢l
81~ HOLINOW

AR

Patent Application Publication



Patent Application Publication

Aug. 2,2018 Sheet 3 of 12

FIG. 3

US 2018/0214004 A1

T4

e 0 T
-

.‘»/ -

i e s i n e
vl

T~T1

.
14




Patent Application Publication

FIG. 5

Aug. 2,2018 Sheet 4 of 12

US 2018/0214004 A1

64

IMAGE PROCESSING APPARATUS

IMAGE ACQUISITION}” )

] STORAGE }
97

95
yed

DISPLAY

~ 60

UNIT i}

]

BLOOD VESSEL
EXTRACTION UNIT

|

~92

N
INPUT DEVIGE

99—

BLOOD VESSEL
INFORMATION

~93
CALCULATION UNIT o4
‘ /

BLOOD VESSEL PARAMETER
CALGULATION UNIT

CONTROL UNIT

WEIGHTING
COEFFICIENT TABLE

MONITOR

s
98

FIG. 6

[ TN

MW

e




Patent Application Publication

Aug. 2,2018 Sheet 5 of 12

FIG. 7

US 2018/0214004 A1

FIG. 8
88
/
DEPTH OF BLOOD | |
VESSEL | | 3
SURFACE LAYER,L\:‘"“
. 132
> % .| ["BLOGD VESSEL
12 Do IS N | PARAMETER | |
o 77 AT
/;‘;\i:::::f:;i“—i"’ ) S%li — \\_\ 149
143 |




Patent Application Publication

FIG. 9

Aug. 2,2018 Sheet 6 of 12 US 2018/0214004 A1

ACQUIRE ENDOSCOPE IMAGE

~ 311

DISPLAY ENDOSCOPE IMAGE

~ 512

SET REGION OF INTEREST

~ 513

SET DEPTH

~ 514

SET BLOOD VESSEL PARAMETER

~ 3519

EXTRACT BLOOD VESSEL AT SET
DEPTH

~ 516

GALCULATE BLOOD VESSEL
INFORMATION OF SET DEPTH

~ S17

GALCULATE BLOOD VESSEL
PARAMETER OF SET DEPTH

~S18

DISPLAY BLOOD VESSEL
PARAMETER

~ 319




Patent Application Publication  Aug. 2, 2018 Sheet 7 of 12 US 2018/0214004 A1

FIG. 10
88
/
DEPTH OF BLOOD
VESSEL 3
ALL T
'i’““wwz
IR R L 1 i
121 T T 141
- ) SURFACE 14
AR |18 ~14%a
MDDLE DEEP (=5
LAYER ._145b
FIG. 11
88
/J
DEPTH OF BLOOD
VESSEL
ALL ’%'131
™~-132

BLOOD VESSEL PARAMETER _144b

Wa L T m A

1462
SURAE g &

HDDLE P Tw || w146

/]
145a 145b




Patent Application Publication  Aug. 2, 2018 Sheet 8 of 12 US 2018/0214004 A1
FIG. 12
141
BLOOD VESSEL PARAMETER PA o = 149
PA,
PA,
PA1 }
PA, Phs
0 o~
DEPTH

FIG. 13




Patent Application Publication

Aug. 2,2018 Sheet 9 of 12

US 2018/0214004 A1

FIG. 14
" NAGEPROGESSNG PPARATLS | _g5
miAGE rcausTonY ST
STORAGE T ™| coNTRoL UL MONITOR
\ ! 98
BLOOD VESSEL g
97 EXTRACTION UNIT
|
INPUT DEVICE TG00 S
INFORMATION 93
CALCUATONUNT|
! Z
BLOOD VESSEL PARAVETER 208
CALCULATION UNIT DETERMINATION
[ WEGHTING =N
99—+ COEFFICIENT TABLE
FIG. 15
88
/
DEPTH OF BLOOD
VESSEL
SURFACE LAYER | ::;31
BLOOD VESSEL
PARAMETER
PA 5’“““ 141
142

DETERMINATION
RESULT

o}

ADENOMA

217




Patent Application Publication

FIG. 16

Aug. 2,2018 Sheet 10 of 12

US 2018/0214004 A1

DETERMINATION RESULT

ADENOMA

217

161

FIG. 17

DETERMINATION RESULT

CLASSIFICATION 1~

217

.......

CLASSIFICATION 1

PA




US 2018/0214004 A1

Aug. 2,2018 Sheet 11 of 12

Patent Application Publication

) J_
Bl ] — !!!!!!!!!!!!!!!!!!!!
| |
S IN | [UNnoNSSToEd| L1 | 1
" | [ g ANOLSITOOY 30w TYNDIS nl
| ! R T b
| 1INN NOLLOVELXE |
| |26~| Tss3A Q00T | A4ON3 | R 0z
| « 19 | e _
[ INn NoLLYIng TV e
| INOLLYWHOAN T3SS3A Q007 Lo T
TI0SNOD = « 66 — 1|
ol | 28 h 8 1| |
| T78vL INAIDI4300 0 R
| ONLLHOM ]
| LINN NOLLY N9 ¥9 96 ||
|| | ¥3LIWVevd T35S3A 0078 Vi RE
| , S| | NOLISINDOY r=—l———{ a/¥ =—] 9V/300 |=
| - S| es 1§
| N S 1|
e — L1 [
| .
HOLINOW J”!mmH LN NOLIVAAN) m | o eg|
8l L ]
91
8l Old

! 0lL¢
i J
Pl
|
|
|
ffffffffff -
J e R
NOLLYNIANTTI| | |
o
Gy e0g |
]
HOSNS| [ SNT1 NI | !
ONIOYAI| | WOOZ | |3ALLO3rGO) ||
7 Wi ) |
4 ad N
8Y Ly 1NN ) Qom“
NOILYY3d0
€L~ Wooz n
g e e e e A
Al



Patent Application Publication  Aug. 2,2018 Sheet 12 of 12 US 2018/0214004 A1

|
AN LA W

604 |
[;] D } oo
608 606 || W

AT SO AN AN AN AN A A

603



US 2018/0214004 Al

IMAGE PROCESSING APPARATUS,
ENDOSCOPE SYSTEM, AND IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2016/078816 filed on 29 Sep.
2016, which claims priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2015-192003 filed on 29
Sep. 2015. The above application is hereby expressly incor-
porated by reference, in its entirety, into the present appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an image process-
ing apparatus, an endoscope system, and an image process-
ing method for calculating data, such as numerical values to
be used for diagnosis, by using an endoscope image captured
by an endoscope.

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 widely performed. In the diag-
nosis using the endoscope system, an insertion part of the
endoscope is inserted into a subject, illumination light is
emitted from the distal end portion, and an observation
target irradiated with the illumination light (mucous mem-
brane or the like inside the subject) is imaged by an imaging
sensor mounted in the distal end portion of the endoscope.
Then, an image (hereinafter, referred to as an endoscope
image) of the observation target is generated using an image
signal obtained by the imaging, and is displayed on the
monitor.

[0004] Usually, in the endoscope system, an endoscope
image in which the observation target can be observed with
a natural color shade (hereinafter, referred to as a normal
light image) is displayed by imaging the observation target
irradiated with white illumination light (also referred to as
normal light). In addition, an endoscope system that obtains
an endoscope image (hereinafter, referred to as a special
observation image) emphasizing a blood vessel, a pit pat-
tern, and the like of the observation target by using light
having a specific wavelength range as illumination light has
also become widespread. In the case of performing diagno-
sis using an endoscope image, information of blood vessels,
pit patterns, and the like is an important diagnostic material.
Therefore, special observation images emphasizing these are
particularly useful for diagnosis.

[0005] In recent years, an endoscope system or a diagnos-
tic assistance apparatus is also known that assists a doctor’s
diagnosis by calculating the depth, thickness, density, and
the like of blood vessels using an endoscope image (or an
image signal used to generate an endoscope image) (JP2007-
061638A and JP2011-217798A (corresponding to US2011/
0245642A1)). In addition, an endoscope system is also
known in which division into a surface layer, a middle layer,
and a deep layer (or a surface layer and a middle deep layer)
is performed according to the depth with the mucosal
surface as a reference and the oxygen saturation at each of
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the layers is calculated (JP2012-125501A (corresponding to
U.S. Pat. No. 9,044,163B2) and JP2012-213550A (corre-
sponding to U.S. Pat. No. 9,014772B2).

SUMMARY OF THE INVENTION

[0006] As in IJP2007-061638A and JP2011-217798A,
information regarding blood vessels that can be calculated
using an endoscope image (hereinafter, referred to as blood
vessel information) is useful information for diagnosis.
However, a doctor does not perform diagnosis based on only
one of the pieces of blood vessel information, such as the
depth, thickness, density, and the like of blood vessels, but
performs diagnosis by considering a plurality of pieces of
blood vessel information in a complex manner. For example,
the thickness of the blood vessel and the density of the blood
vessel are useful blood vessel information for diagnosis.
However, the state of the observation target is not deter-
mined just because the thickness of the blood vessel is a
specific thickness or the density of the blood vessel is a
specific density, but diagnosis is performed by taking into
consideration a plurality of pieces of blood vessel informa-
tion, such as a case where the thickness of the blood vessel
is equal to or greater than a specific thickness and the density
of the blood vessel is equal to or greater than a specific value
and accordingly the state of the observation target is a
specific lesion.

[0007] In accordance with the actual condition of the
multifaceted and complex diagnosis described above, in
recent years, an endoscope system or an image processing
apparatus for analyzing an endoscope image is required to
assist a doctor’s diagnosis by calculating more intuitive and
useful information or the like than the blood vessel infor-
mation calculated in the above JP2007-061638A and
JP2011-217798A.

[0008] In the endoscope image, pieces of information in
the submucosal depth direction are superimposed. Accord-
ingly, it is not easy to distinguish the pieces of information
in the submucosal depth direction by the endoscope image.
For example, it is left to the sensory determination of an
experienced doctor to distinguish and grasp the state of a
blood vessel located at the surface layer of the mucous
membrane (hereinafter, referred to as a surface layer blood
vessel) and the state of a blood vessel located at the middle
deep layer of the mucous membrane (hereinafter, referred to
as a middle deep layer blood vessel). Therefore, it is
desirable that the endoscope system or the image processing
apparatus for analyzing the endoscope image calculates
information regarding the blood vessel distinctively for each
submucosal depth to assist the diagnosis.

[0009] Regarding this point, the endoscope systems dis-
closed in JP2012-125501A and JP2012-213550A calculate
the oxygen saturation for each submucosal depth. Accord-
ingly, a higher diagnostic assistance effect than in the
previous endoscope systems is obtained. However, the oxy-
gen saturation is calculated by the endoscope systems dis-
closed in JP2012-125501A and JP2012-213550A for each
submucosal depth, and the oxygen saturation is blood vessel
information that requires consideration of other information.
For this reason, it is still required to calculate more intuitive
and useful information or the like to assist diagnosis.

[0010] Itisan object of the present invention to provide an
image processing apparatus, an endoscope system, and an
image processing method for assisting diagnosis more effec-



US 2018/0214004 Al

tively by calculating more intuitive and useful information
than blood vessel information for a specific submucosal
depth.

[0011] An image processing apparatus of the present
invention comprises: an image acquisition unit that acquires
an endoscope image obtained by imaging an observation
target with an endoscope; a blood vessel extraction unit that
extracts a blood vessel for each depth at a specific depth of
the observation target from the endoscope image; a blood
vessel information calculation unit that calculates blood
vessel information for each depth regarding the blood vessel
extracted by the blood vessel extraction unit; and a blood
vessel parameter calculation unit that calculates a blood
vessel parameter for each depth, which is relevant to the
blood vessel at the specific depth, by calculation for each
depth using the blood vessel information.

[0012] It is preferable that the blood vessel information is
the number of blood vessels extracted by the blood vessel
extraction unit, a thickness, a change in thickness, complex-
ity of thickness change, a length, a change in length, the
number of branches, a branching angle, a distance between
branch points, the number of crossings, a depth, a height
difference, an inclination, an area, a density, an interval, a
contrast, a color, a color change, a degree of meandering,
blood concentration, oxygen saturation, a proportion of
arteries, a proportion of veins, concentration of administered
coloring agent, a running pattern, or a blood flow rate.

[0013] It is preferable that the blood vessel parameter
calculation unit calculates the blood vessel parameter of the
specific depth using the blood vessel information calculated
for the blood vessel at the specific depth.

[0014] It is preferable that the blood vessel parameter
calculation unit calculates the blood vessel parameter of the
specific depth using the blood vessel information calculated
for blood vessels having depths other than the specific depth.

[0015] It is preferable that the blood vessel parameter
calculation unit calculates the blood vessel parameter by
weighting a plurality of pieces of the blood vessel informa-
tion.

[0016] Tt is preferable that the blood vessel parameter
calculation unit performs the weighting using a coefficient
determined by machine learning.

[0017] It is preferable that the blood vessel information
calculation unit calculates a statistic in a region of interest,
which is set in a part or entirety of the endoscope image, as
the blood vessel information.

[0018] It is preferable that the statistic is a maximum
value, a minimum value, an average value, a median, or a
mode.

[0019] Tt is preferable that, in a case of setting the region
of interest in a part of the endoscope image, the blood vessel
information calculation unit calculates the blood vessel
information of the region of interest and also calculates the
blood vessel information for a region other than the region
of interest and that the blood vessel parameter calculation
unit calculates the blood vessel parameter using the blood
vessel information of the region of interest and the blood
vessel information of the region other than the region of
interest.

[0020] It is preferable to further comprise a determination
unit that determines a state of a mucous membrane of the
observation target using the blood vessel parameter.

Aug. 2,2018

[0021] Tt is preferable that the determination unit deter-
mines the state of the mucous membrane of the observation
target according to a change of the blood vessel parameter
with respect to a depth.

[0022] It is preferable that the determination unit deter-
mines the state of the mucous membrane of the observation
target using a plurality of the blood vessel parameters.
[0023] It is desirable that the determination unit deter-
mines the state of the mucous membrane of the observation
target to be one of three or more kinds of states including
normal, adenoma, and cancer using the blood vessel param-
eter.

[0024] It is desirable that the determination unit deter-
mines the state of the mucous membrane of the observation
target to be one of normal, hyperplastic polyp, SSA/P,
adenoma, laterally spreading tumor, and cancer using the
blood vessel parameter.

[0025] It is preferable that the determination unit deter-
mines a stage of cancer using the blood vessel information
or the blood vessel parameter in a case where the state of the
mucous membrane of the observation target is cancer.
[0026] An endoscope system of the present invention
comprises: an endoscope that images an observation target;
and an image processing apparatus having an image acqui-
sition unit that acquires an endoscope image obtained by
imaging the observation target with the endoscope, a blood
vessel extraction unit that extracts a blood vessel for each
depth at a specific depth of the observation target from the
endoscope image, a blood vessel information calculation
unit that calculates blood vessel information for each depth
regarding the blood vessel extracted by the blood vessel
extraction unit, and a blood vessel parameter calculation umt
that calculates a blood vessel parameter for each depth,
which is relevant to the blood vessel at the specific depth, by
calculation for each depth using the blood vessel informa-
tion.

[0027] An image processing method of the present inven-
tion includes: a step in which an image acquisition unit
acquires an endoscope image obtained by imaging an obser-
vation target with an endoscope; a step in which a blood
vessel extraction unit extracts a blood vessel for each depth
at a specific depth of the observation target from the endo-
scope image; a step in which a blood vessel information
calculation unit calculates blood vessel information for each
depth regarding the blood vessel extracted by the blood
vessel extraction unit; and a step in which a blood vessel
parameter calculation unit calculates a blood vessel param-
eter for each depth, which is relevant to the blood vessel at
the specific depth, by calculation for each depth using a
plurality of pieces of the blood vessel information.

[0028] Since the image processing apparatus, the endo-
scope system, and the image processing method of the
present invention calculate more intuitive and useful blood
vessel parameters than blood vessel information for a spe-
cific submucosal depth, it is possible to assist the doctor’s
diagnosis more directly and effectively than in the related
art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is an external view of an endoscope system.
[0030] FIG. 2 is a block diagram of the endoscope system.
[0031] FIG. 3 is a first endoscope image.

[0032] FIG. 4 is a second endoscope image.
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[0033] FIG. 5 is a block diagram of an image processing
apparatus.
[0034] FIG. 6 is a difference image obtained by extracting

a surface layer blood vessel.

[0035] FIG. 7 is a difference image obtained by extracting
a middle deep layer blood vessel.

[0036] FIG. 8 is a display screen of a monitor.

[0037] FIG. 9 is a flowchart showing the operation of the
image processing apparatus.

[0038] FIG. 10 is a display screen of a monitor in the case
of calculating a blood vessel parameter for each depth.
[0039] FIG. 11 is a display screen of a monitor in the case
of calculating a plurality of types of blood vessel parameters.
[0040] FIG. 12 is a graph showing a change of a blood
vessel parameter with respect to a depth.

[0041] FIG. 13 is an explanatory diagram showing the
inside and outside of a region of interest.

[0042] FIG. 14 is a block diagram of an image processing
apparatus of a second embodiment.

[0043] FIG. 15 is a display screen of a monitor for
displaying the determination result of a determination unit.
[0044] FIG. 16 is a part of the display screen of the
monitor in the case of determining the state of the mucous
membrane according to the change of the blood vessel
parameter with respect to the depth.

[0045] FIG. 17 is a part of the display screen of the
monitor in the case of determining the state of the mucous
membrane based on a plurality of blood vessel parameters.
[0046] FIG. 18 is a block diagram of an endoscope system
of a third embodiment.

[0047] FIG. 19 is a schematic diagram of a capsule endo-
scope.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
First Embodiment
[0048] As shown in FIG. 1, an endoscope system 10

includes 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 endoscope 12 includes an insertion part 12a
that is inserted into a subject, an operation unit 1256 provided
in a proximal end portion of the insertion part 124, and a
bending portion 12¢ and a distal end portion 124 that are
provided on the distal end side of the insertion part 12a. By
operating an angle knob 12e of the operation unit 125, the
bending portion 12¢ is bent. Through the bending operation,
the distal end portion 124 is directed in a desired direction.
[0049] In addition to the angle knob 12e, a still image
acquisition instruction unit 13a and a zoom operation unit
135 are provided in the operation unit 125. The still image
acquisition instruction unit 13a operates in the case of
inputting a still image acquisition instruction to the endo-
scope system 10. The instruction to acquire a still image
includes a freeze instruction for displaying a still image of
an observation target on the monitor 18 and a release
instruction for storing a still image in a storage. The zoom
operation unit 135 is used to input an imaging magnification
change instruction for changing the imaging magnification.
[0050] 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
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attached to the image, and the like. The console 19 functions
as a user interface for receiving an input operation, such as
a function setting.

[0051] As shown in FIG. 2, the light source device 14
includes a light source 20 that emits illumination light to be
emitted to the observation target and a light source control
unit 22 that controls the light source 20. The light source 20
is, for example, a semiconductor light source such as a light
emitting diode (LED) of a plurality of colors, a combination
of a laser diode and a phosphor, or a halogen light source
such as a xenon lamp. The light source 20 includes an optical
filter for adjusting the wavelength range of light emitted
from the LED or the like. The light source control unit 22
controls the amount of illumination light by ON/OFF of the
LED or the like or by adjusting the driving current or the
driving voltage of the LED or the like. In addition, the light
source control unit 22 controls the wavelength range of
illumination light by changing the optical filter or the like.
[0052] The endoscope system 10 has two types of obser-
vation modes, that is, a normal observation mode for observ-
ing an observation target in a normal observation image and
a special observation mode for observing an observation
target in a special observation image. In a case where the
observation mode is a normal observation mode, the light
source control unit 22 causes the light source 20 to generate
approximately white illumination light. In a case where the
observation mode is a special observation mode, the light
source control unit 22 causes the light source 20 to generate
illumination light having a specific narrow wavelength range
(hereinafter, referred to as narrowband light). The observa-
tion mode is switched by a mode change switch (not shown)
provided in the operation unit 124.

[0053] The light source 20 can generate a plurality of
kinds of narrowband light, such as violet narrowband light
having a center wavelength (or a peak wavelength at which
spectral intensity is maximized; the same hereinbelow) in a
violet wavelength range (wavelength range of about 350 to
400 nm), blue narrowband light having a center wavelength
in a blue wavelength range (wavelength range of about 400
to 500 nm), green narrowband light having a center wave-
length in a green wavelength range (wavelength range of
about 500 to 600 nm), and red narrowband light having a
center wavelength in a red wavelength range (wavelength
range of about 600 to 750 nm). More specifically, the light
source 20 can generate violet narrowband light having a
center wavelength of about 400+10 nm, blue narrowband
light having a center wavelength of about 450+£10 nm, blue
narrowband light having a center wavelength of about
470+10 nm, and the like. Since the center wavelength of
each narrowband light can be designated by changing an
optical filter or the like, two or more blue narrowband light
beams having different center wavelengths can be generated
as described above. This also applies to violet narrowband
light, green narrowband light, and red narrowband light.
[0054] Inthe special observation mode, the light source 20
generates at least two or more kinds of narrowband light
beams having different center wavelengths among the plu-
rality of kinds of narrowband light beams, and images the
observation target irradiated with each of the narrowband
light beams. Therefore, in the special observation mode, a
plurality of kinds of endoscope images corresponding to the
kinds of narrowband light beams are obtained. In the present
embodiment, in the case of the special observation mode, the
light source 20 alternately generates two kinds of narrow-
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band light beams of first narrowband light (for example,
violet narrowband light) and second narrowband light (for
example, blue narrowband light having a center wavelength
of about 450+10 nm) whose center wavelength or peak
wavelength is in a longer wavelength range than the first
narrowband light.

[0055] The illumination light emitted from the light source
20 is incident on a light guide 41 inserted into the insertion
part 12a. The light guide 41 is built into the endoscope 12
and a universal cord, and propagates the illumination light to
the distal end portion 124 of the endoscope 12. The universal
cord is a cord for connecting the endoscope 12 with the light
source device 14 and the processor device 16. As the light
guide 41, it is possible to use a multi-mode fiber. As an
example, it is possible to use a small-diameter fiber cable
having a diameter of ¢0.3 mm to ¢0.5 mm that includes a
core with a diameter of 105 um, a cladding with a diameter
of 125 um, and a protective layer as an outer skin.

[0056] An illumination optical system 30a and an imaging
optical system 304 are provided in the distal end portion 124
of the endoscope 12. The illumination optical system 30a
has an illumination lens 45, and the illumination light
propagated by the light guide 41 is emitted to the observa-
tion target through the illumination lens 45. The imaging
optical system 305 has an objective lens 46, a zoom lens 47,
and an imaging sensor 48. Various kinds of light, such as
reflected light, scattered light, and fluorescence from the
observation target, are incident on the imaging sensor 48
through the objective lens 46 and the zoom lens 47. As a
result, an image of the observation target is formed on the
imaging sensor 48. The zoom lens 47 is moved freely
between the telephoto end and the wide end by operating the
zoom operation unit 135, thereby enlarging or reducing the
observation target formed on the imaging sensor 48.
[0057] The imaging sensor 48 is a color imaging sensor in
which any one of red (R), green (G), and blue (B) color
filters is provided for each pixel, and images the observation
target and outputs the image signals of the respective colors
of RGB. As the imaging sensor 48, it is possible to use a
charge coupled device (CCD) imaging sensor or a comple-
mentary metal oxide semiconductor (CMOS) imaging sen-
sor. Instead of the imaging sensor 48 in which primary color
filters are provided, a complementary color imaging sensor
including complementary color filters of cyan (C), magenta
(M), yellow (Y), and green (G) may be used. In a case where
a complementary color imaging sensor is used, image sig-
nals of four colors of CMYG are output. Therefore, by
converting the image signals of four colors of CMYG into
image signals of three colors of RGB by complementary
color-primary color conversion, it is possible to obtain the
same RGB image signals as in the imaging sensor 48.
Instead of the imaging sensor 48, a monochrome sensor in
which no color filter is provided may be used.

[0058] The image signal output from the imaging sensor
48 is transmitted to a CDS/AGC circuit 51. The CDS/AGC
circuit 51 performs correlated double sampling (CDS) or
automatic gain control (AGC) for the image signal that is an
analog signal. The image signal transmitted through the
CDS/AGC circuit 51 is converted into a digital image signal
by an analog to digital (A/D) converter 52. The digital image
signal after A/D conversion is input to the processor device
16.

[0059] The processor device 16 includes an image signal
acquisition unit 53, a digital signal processor (DSP) 56, a
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noise reduction unit 58, a memory 61, a signal processing
unit 62, and a video signal generation unit 63.

[0060] The image signal acquisition unit 53 acquires a
digital image signal from the endoscope 12. The DSP 56
performs various kinds of signal processing, such as defect
correction processing, offset processing, gain correction
processing, linear matrix processing, gamma conversion
processing, and demosaic processing, on the image signal
acquired by the image signal acquisition unit 53. In the
defect correction processing, the signal of a defective pixel
of the imaging sensor 48 is corrected. In the offset process-
ing, a dark current component is removed from the image
signal subjected to the defect correction processing, and an
accurate zero level is set. In the gain correction processing,
the signal level is adjusted by multiplying the image signal
after the offset processing by a specific gain.

[0061] Linear matrix processing for increasing color
reproducibility is performed on the image signal after the
gain correction processing. Then, the brightness or satura-
tion is adjusted by gamma conversion processing. Demosaic
processing (also referred to as isotropic processing or syn-
chronization processing) is performed on the image signal
after the gamma conversion processing, and the signal of
missing color in each pixel is generated by interpolation.
Through the demosaic processing, all pixels have signals of
RGB colors. The noise reduction unit 58 reduces noise by
performing noise reduction processing on the image signal
subjected to the demosaic processing or the like by the DSP
56 using, for example, a moving average method or a
median filter method. The image signal from which noise
has been reduced is stored in the memory 61.

[0062] The signal processing unit 62 acquires the image
signal after noise reduction from the memory 61. Then,
image processing, such as color conversion processing,
color emphasis processing, and structure emphasis process-
ing, is performed on the acquired image signal as necessary,
thereby generating a color endoscope image in which the
observation target is reflected. The color conversion pro-
cessing is a process of performing color conversion on the
image signal by 3x3 matrix processing, gradation conver-
sion processing, three-dimensional look-up table (LUT)
processing, and the like. The color emphasis processing is
performed on the image signal after the color conversion
processing. The structure emphasis processing is a process
of emphasizing a specific tissue or structure included in an
observation target, such as a blood vessel or a pit pattern, and
is performed on the image signal after the color emphasis
processing. Since the endoscope image generated by the
signal processing unit 62 is a normal observation image in
a case where the observation mode is a normal observation
mode and is a special observation image in a case where the
observation mode is a special observation mode, the content
of the color conversion processing, the color emphasis
processing, and the structure emphasis processing differs
depending on the observation mode. In the case of the
normal observation mode, the signal processing unit 62
generates a normal observation image by performing the
above-described various kinds of signal processing by which
the observation target has a natural color shade. In the case
of the special observation mode, the signal processing umt
62 generates a special observation image by performing the
above-described various kinds of signal processing for
emphasizing at least a blood vessel of the observation target.
In the special observation image generated by the signal
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processing unit 62, a blood vessel (so-called surface layer
blood vessel) located at a relatively shallow position inside
the observation target with the surface of the mucous mem-
brane as a reference has a magenta type color (for example,
brown color), and a blood vessel located at a relatively deep
position inside the observation target with the surface of the
mucous membrane as a reference (so-called middle deep
layer blood vessel) has a cyan type color (for example, green
color). For this reason, the blood vessel of the observation
target is emphasized due to the color difference with respect
to the mucous membrane expressed by a pink type color.

[0063] In the special observation mode of the present
embodiment, the light source 20 generates two kinds of
narrowband light beams of the first narrowband light and the
second narrowband light. Therefore, an endoscope image
(hereinafter, referred to as a first endoscope image) 71
shown in FIG. 3, which is obtained by imaging the obser-
vation target irradiated with the first narrowband light, and
an endoscope image (hereinafter, referred to as a second
endoscope image) 72 shown in FIG. 4, which is obtained by
imaging the observation target irradiated with the second
narrowband light, are obtained. In the first endoscope image
71 and the second endoscope image 72, not only can the
shape 73 of the mucosal surface of the observation target be
observed, but also a thin surface layer blood vessel 74
located relatively close to the mucosal surface is expressed
by a magenta type color and a thick middle deep layer blood
vessel 75 located at a relatively deep position under the
mucous membrane is expressed by a cyan type color so as
to be emphasized. However, the first narrowband light and
the second narrowband light have different center wave-
lengths, and the center wavelength of the first narrowband
light is shorter than the center wavelength of the second
narrowband light. Therefore, depending on the difference in
the degree of penetration of the first narrowband light and
the second narrowband light into the submucous membrane,
the appearance of blood vessels differs between the first
endoscope image 71 and the second endoscope image 72.
For example, the surface layer blood vessel 74 can be more
clearly observed in the first endoscope image 71 than in the
second endoscope image 72, but the middle deep layer blood
vessel 75 can be more clearly observed in the second
endoscope image 72 than in the first endoscope image 71.

[0064] The signal processing unit 62 inputs the generated
endoscope image to the video signal generation unit 63. The
video signal generation unit 63 converts the endoscope
image into a video signal to be output and displayed on the
monitor 18. In a case where a release instruction is input by
operating the still image acquisition instruction unit 13a, the
signal processing unit 62 stores the generated endoscope
image in a storage 64. The storage 64 is an external storage
device connected to the processor device 16 through a local
area network (LAN). For example, the storage 64 is a file
server of a system for filing an endoscope image, such as a
picture archiving and communication system (PACS), or a
network attached storage (NAS). The endoscope image
stored in the storage 64 is used by an image processing
apparatus 65.

[0065] The image processing apparatus 65 is an apparatus
that performs image processing on the endoscope image to
calculate a blood vessel parameter for diagnostic assistance.
As shown in FIG. 5, the image processing apparatus 65
includes an image acquisition unit 91, a blood vessel extrac-
tion unit 92, a blood vessel information calculation unit 93,
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a blood vessel parameter calculation unit 94, and a display
control unit 95. An input device 97 including a keyboard and
a pointing device used for designating a region of interest
(ROI) or a monitor 98 for displaying an endoscope image
and the like is connected to the image processing apparatus
65.

[0066] The image acquisition unit 91 acquires an endo-
scope image captured by the endoscope 12 (including a case
of an image signal that becomes a basis of the endoscope
image) from the storage 64. Endoscope images stored in the
storage 64 include a normal observation image and a special
observation image. In the present embodiment, the image
acquisition unit 91 acquires a first endoscope image 71 and
a second endoscope image 72, which are special observation
images, from the storage 64.

[0067] The blood vessel extraction unit 92 extracts blood
vessels within a specific depth range of the observation
target (hereinafter, referred to as a specific depth) using the
endoscope image acquired by the image acquisition unit 91.
In the present embodiment, the reference of depth is a
mucosal surface. The depth may be defined with an arbitrary
portion (for example, muscularis mucosa) other than the
mucosal surface as a reference. In addition, with a blood
vessel at an arbitrary depth as a reference, the depth of other
blood vessels may be defined as a relative depth from the
blood vessel at the arbitrary depth.

[0068] Inthe present embodiment, the blood vessel extrac-
tion unit 92 extracts blood vessels at a specific depth by
calculating the difference between the first endoscope image
71 and the second endoscope image 72. For example, by
multiplying the first endoscope image 71 and the second
endoscope image 72 by an appropriate number and subtract-
ing the second endoscope image 72 from the first endoscope
image 71, it is possible to extract the surface layer blood
vessel 74 as in a difference image 101 shown in FIG. 6. That
is, the difference image 101 is an image obtained by extract-
ing only the surface layer blood vessel 74 at a specific depth
of “surface layer” from the surface layer blood vessel 74 and
the middle deep layer blood vessel 75 appearing in the
original first endoscope image 71 and second endoscope
image 72.

[0069] Similarly, by multiplying the first endoscope image
71 and the second endoscope image 72 by an appropriate
number and subtracting the first endoscope image 71 from
the second endoscope image 72, it is possible to extract the
middle deep layer blood vessel 75 as in a difference image
102 shown in FIG. 7. The difference image 102 is an image
obtained by extracting only the middle deep layer blood
vessel 75 having a submucosal depth of a specific depth
called “middle deep layer” from the surface layer blood
vessel 74 and the middle deep layer blood vessel 75 appear-
ing in the original first endoscope image 71 and second
endoscope image 72.

[0070] For example, the “surface layer” means that the
depth from the mucosal surface is in the range of about 0 to
50 um, the “middle layer” means that the depth from the
mucosal surface is in the range of about 50 to 200 pm, and
the “deep layer” means that the depth from the mucosal
surface is in the range of about 200 to 500 pm. The “middle
deep layer” is a combined range of the middle layer and the
deep layer, and the depth from the mucosal surface is in the
range of about 50 to 200 um. Needless to say, the depth
range of each of these layers is an example. The depth from
the mucosal surface can be classified in a different way other
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than three layers (surface layer, middle layer, and deep layer)
or two layers (surface layer and middle deep layer). That is,
the depth from the mucosal surface may be classified into
four or more layers. In the present embodiment, for the sake
of simplicity, the depth from the mucosal surface is classi-
fied into two layers of “surface layer” and “middle deep
layer”. Therefore, in the present embodiment, the “specific
depth” is “surface layer” or “middle deep layer™.

[0071] In the present embodiment, as described above, the
blood vessel extraction unit 92 extracts blood vessels at a
specific depth by calculating the difference between the first
endoscope image 71 and the second endoscope image 72.
However, it is also possible to extract the surface layer blood
vessel 74 or the middle deep layer blood vessel 75 using
other extraction methods. For example, the surface layer
blood vessel 74 or the middle deep layer blood vessel 75 can
also be extracted by performing frequency filtering on the
first endoscope image 71 or the second endoscope image 72.

[0072] The blood vessel information calculation unit 93
calculates blood vessel information regarding the blood
vessel extracted by the blood vessel extraction unit 92. The
blood vessel information is, for example, the number of
blood vessels, the number of branches, a branching angle, a
distance between branch points, the number of crossings, a
thickness, a change in thickness, complexity of thickness
change, a length, an interval, a depth, a height difference, an
inclination, an area, a density, a contrast, a color, color
change, degree of meandering, blood concentration, oxygen
saturation, proportion of arteries, proportion of veins, con-
centration of administered coloring agent, a running pattern,
or a blood flow rate. In the present embodiment, the blood
vessel information calculation unit 93 calculates at least two
or more kinds of blood vessel information among the pieces
of blood vessel information.

[0073] The number of blood vessels is the number of
blood vessels extracted in the entire endoscope image or in
a region of interest. The number of blood vessels is calcu-
lated using, for example, the number of branch points (the
number of branches) of the extracted blood vessel, the
number of intersections (the number of crossings) with other
blood vessels, and the like. The branching angle of a blood
vessel is an angle formed by two blood vessels at a branch
point. The distance between branch points is a linear dis-
tance between an arbitrary branch point and a branch point
adjacent thereto or a length along a blood vessel from an
arbitrary branch point to a branch point adjacent thereto.

[0074] The number of crossings between blood vessels is
the number of intersections at which blood vessels having
different submucosal depths cross each other on the endo-
scope image. More specifically, the number of crossings
between blood vessels is the number of blood vessels, which
are located at relatively shallow submucosal positions,
crossing blood vessels located at deep positions.

[0075] The thickness of a blood vessel (blood vessel
diameter) is a distance between the blood vessel and the
boundary of the mucous membrane. For example, the thick-
ness of a blood vessel (blood vessel diameter) is measured
by counting the number of pixels along the lateral direction
of the blood vessel from the edge of the extracted blood
vessel through the blood vessel. Therefore, the thickness of
a blood vessel is the number of pixels. However, in a case
where the imaging distance, zoom magnification and the like
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at the time of capturing an endoscope image are known, the
number of pixels can be converted into a unit of length, such
as “um”, as necessary.

[0076] The change in the thickness of a blood vessel is
blood vessel information regarding a variation in the thick-
ness of the blood vessel, and is also referred to as the
aperture inconsistency. The change in the thickness of a
blood vessel is, for example, a change rate of the blood
vessel diameter (also referred to as the degree of expansion).
Using the thickness (minimum diameter) of the thinnest
portion of the blood vessel and the thickness (maximum
diameter) of the thickest portion of the blood vessel, the
change rate of the blood vessel diameter is calculated as
“blood vessel diameter change rate (% )=minimum diameter/
maximum diameterx100”.

[0077] In a case where an endoscope image obtained by
imaging the observation target in a past examination and an
endoscope image obtained by imaging the same observation
target in a subsequent new examination are used, a temporal
change in the thickness of the same blood vessel extracted
from the endoscope image obtained by the subsequent new
examination with respect to the thickness of the blood vessel
extracted from the endoscope image obtained by the past
examination may be the change in the thickness of the blood
vessel.

[0078] As a change in the thickness of the blood vessel, a
proportion of a small diameter portion or a proportion of a
large diameter portion may be calculated. The small diam-
eter portion is a portion whose thickness is equal to or less
than the threshold value, and the large diameter portion is a
portion where the thickness is equal to or greater than the
threshold value. The proportion of a small diameter portion
is calculated as “proportion of small diameter portion
(% )=length of small diameter portion/length of blood ves-
selx100”. Similarly, the proportion of a large diameter
portion is calculated as “proportion of large diameter portion
(% )=length of large diameter portion/length of blood ves-
selx100”.

[0079] The complexity of the change in the thickness of a
blood vessel (hereinafter, referred to as the “complexity of
the thickness change”) is blood vessel information indicat-
ing how complex the change is in a case where the thickness
of the blood vessel changes, and is blood vessel information
calculated by combining a plurality of pieces of blood vessel
information indicating the change in the thickness of the
blood vessel (that is, the change rate of the blood vessel
diameter, the proportion of the small diameter portion, or the
proportion of the large diameter portion). The complexity of
the thickness change can be calculated, for example, by the
product of the change rate of the blood vessel diameter and
the proportion of the small diameter portion.

[0080] The length of a blood vessel is the number of pixels
counted along the longitudinal direction of the extracted
blood vessel.

[0081] The interval between blood vessels is the number
of pixels showing the mucous membrane between the edges
of the extracted blood vessel. In the case of one extracted
blood vessel, the interval between blood vessels has no
value.

[0082] The depth of a blood vessel is measured with the
mucous membrane (more specifically, the mucosal surface)
as a reference, for example. The depth of the blood vessel
can be calculated based on, for example, the color of the
blood vessel. In the case of the special observation image, a
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blood vessel located near the surface of the mucous mem-
brane is expressed by a magenta type color, and a blood
vessel far from the surface of the mucous membrane and
located at a deep submucosal position is expressed by a cyan
type color. Therefore, the blood vessel information calcula-
tion unit 93 calculates the depth of the blood vessel for each
pixel based on the balance of the signals of the respective
colors of R, G, and B of the pixels extracted as a blood
vessel. In the present embodiment, the blood vessel extrac-
tion unit 92 extracts the surface layer blood vessel 74 or the
middle deep layer blood vessel 75. However, the surface
layer or the middle deep layer has a width. Therefore, as the
depth of the blood vessel calculated by the blood vessel
information calculation unit 93, the depth of a blood vessel
within the range of “specific depth” is calculated. For
example, since the middle deep layer blood vessel 75 is a
blood vessel having a depth from the mucosal surface in a
range of about 50 pm to 200 pm, the depth of the blood
vessel calculated by the blood vessel information calculation
unit 93 is a value within this range.

[0083] The height difference of a blood vessel is the
magnitude of the difference in the depth of the blood vessel.
For example, the height difference of one blood vessel of
interest is calculated by the difference between the depth
(maximum depth) of the deepest portion of the blood vessel
and the depth (minimum depth) of the shallowest portion. In
a case where the depth is constant, the height difference is
zero. Similarly to the depth of the blood vessel, the change
in the depth of the blood vessel or the height difference of
the blood vessel is also a value within the range included in
the “specific depth” to which the extracted blood vessel
belongs.

[0084] The inclination of a blood vessel is the change rate
of the depth of the blood vessel, and is calculated using the
length of the blood vessel and the depth of the blood vessel.
That is, the inclination of a blood vessel is calculated as
“inclination of blood vessel =depth of blood vessel/length of
blood vessel”. The blood vessel may be divided into a
plurality of sections, and the inclination of the blood vessel
may be calculated in each section.

[0085] The area of a blood vessel is the number of pixels
extracted as a blood vessel or a value proportional to the
number of pixels extracted as a blood vessel. The area of a
blood vessel is calculated within the region of interest,
outside the region of interest, or for the entire endoscope
image.

[0086] The density of blood vessels is a proportion of
blood vessels in a unit area. A region of a specific size (for
example, a region of a unit area) including pixels for
calculating the density of blood vessels at its approximate
center is cut out, and the proportion of blood vessels
occupying all the pixels within the region is calculated. By
performing this on all the pixels of the region of interest or
the entire endoscope image, the density of blood vessels of
each pixel can be calculated.

[0087] The contrast of a blood vessel is a relative contrast
with respect to the mucous membrane of the observation
target. The contrast of a blood vessel is calculated as, for
example, “Y,/Y,,” or “(Y,~Y, /(Y +Y,,)”, using the
brightness Y, of the blood vessel and the brightness Y, of
the mucous membrane.

[0088] The color of a blood vessel is each value of RGB
of pixels showing the blood vessel. The change in the color
of a blood vessel is a difference or ratio between the
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maximum value and the minimum value of the RGB values
of pixels showing the blood vessel. For example, the ratio
between the maximum value and the minimum value of the
B value of a pixel showing the blood vessel, the ratio
between the maximum value and the minimum value of the
G value of a pixel showing the blood vessel, or the ratio
between the maximum value and the minimum value of the
R value of a pixel showing the blood vessel indicates a
change in the color of the blood vessel. Needless to say,
conversion into complementary colors may be performed to
calculate the color of the blood vessel and a change in the
color of the blood vessel for each value of cyan, magenta,
yellow, green, and the like.

[0089] The degree of meandering of a blood vessel is
blood vessel information indicating the size of a range in
which the blood vessel travels meandering. The degree of
meandering of a blood vessel is, for example, the area (the
number of pixels) of a minimum rectangle including the
blood vessel for which the degree of meandering is to be
calculated. The ratio of the length of the blood vessel to the
linear distance between the start point and the end point of
the blood vessel may be used as the degree of meandering
of the blood vessel.

[0090] The blood concentration of a blood vessel is blood
vessel information proportional to the amount of hemoglo-
bin contained in a blood vessel. Since the ratio (G/R) of the
G value to the R value of a pixel showing a blood vessel is
proportional to the amount of hemoglobin, the blood con-
centration can be calculated for each pixel by calculating the
value of G/R.

[0091] The oxygen saturation of a blood vessel is the
amount of oxygenated hemoglobin to the total amount of
hemoglobin (total amount of oxygenated hemoglobin and
reduced hemoglobin). The oxygen saturation can be calcu-
lated by using an endoscope image obtained by imaging the
observation target with light in a specific wavelength range
(for example, blue light having a wavelength of about
470+10 nm) having a large difference between the light
absorption coeflicients of oxvgenated hemoglobin and
reduced hemoglobin. In a case where blue light having a
wavelength of about 470£10 nm is used, the B value of the
pixel showing the blood vessel is correlated with the oxygen
saturation. Therefore, by using a table or the like that
associates the B value with the oxygen saturation, it is
possible to calculate the oxygen saturation of each pixel
showing the blood vessel.

[0092] The proportion of arteries is the ratio of the number
of pixels of arteries to the number of pixels of all the blood
vessels. Similarly, the proportion of veins is the ratio of the
number of pixels of veins to the number of pixels of all the
blood vessels. Arteries and veins can be distinguished by
oxygen saturation. For example, assuming that a blood
vessel having an oxygen saturation of 70% or more is an
artery and a blood vessel having an oxygen saturation less
than 70% is a vein, extracted blood vessels can be divided
into arteries and veins. Therefore, the proportion of arteries
and the proportion of veins can be calculated.

[0093] The concentration of an administered coloring
agent is the concentration of a coloring agent sprayed on the
observation target or the concentration of a coloring agent
injected into the blood vessel by intravenous injection. The
concentration of the administered coloring agent is calcu-
lated, for example, by the ratio of the pixel value of the
coloring agent color to the pixel value of a pixel other than
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the coloring agent color. For example, in a case where a
coloring agent for coloring in blue is administered, B/G,
B/R, and the like indicate the concentration of the coloring
agent fixed (or temporarily adhered) to the observation
target.

[0094] The traveling pattern of a blood vessel is blood
vessel information regarding the traveling direction of a
blood vessel. The traveling pattern of a blood vessel is, for
example, an average angle (traveling direction) of a blood
vessel with respect to a reference line arbitrarily set, a
dispersion (variation in traveling direction) of an angle
formed by a blood vessel with respect to a reference line set
arbitrarily, and the like.

[0095] Theblood flow rate (also referred to as a blood flow
speed) of a blood vessel is the number of red blood cells that
can pass per unit time. In a case where an ultrasound probe
is used together through the forceps channel of the endo-
scope 12 or the like, the Doppler shift frequency of each
pixel showing the blood vessel of the endoscope image can
be calculated by using the signal obtained by the ultrasound
probe. The blood flow rate of the blood vessel can be
calculated by using the Doppler shift frequency.

[0096] By operating the input device 97, it is possible to
set a region of interest in a part or the entirety of the
endoscope image. For example, in a case where a part of the
endoscope image is set as a region of interest, the blood
vessel information calculation unit 93 calculates blood ves-
sel information within the region of interest. In a case where
a region of interest is not designated or a case where the
entire endoscope image is set as a region of interest, the
blood vessel information calculation unit 93 calculates blood
vessel information by setting the entire endoscope image as
a region of interest.

[0097] The blood vessel information calculation unit 93
calculates blood vessel information for each pixel of the
endoscope image. For example, blood vessel information of
one pixel is calculated using the data of pixels in a prede-
termined range including a pixel whose blood vessel infor-
mation is to be calculated (for example, a range of 99x99
pixels centered on the pixel whose blood vessel information
is to be calculated). For example, in the case of calculating
the thickness of a blood vessel as blood vessel information,
the “thickness of a blood vessel” for each pixel is a statistic
of the thickness of a blood vessel in the predetermined
range. The statistic is a so-called basic statistic, and is, for
example, a maximum value, a minimum, an average value,
a median, or a mode. Needless to say, it is also possible to
use statistics other than the exemplified values. For example,
a value (ratio between the maximum value and the minimum
value or the like) calculated using a so-called representative
value, such as the maximum value, the minimum value, the
average value, the median, or the mode, or a so-called
scattering degree, such as a dispersion, a standard deviation,
and a variation coefficient, can be used.

[0098] In the case of setting a region of interest, the blood
vessel information calculation unit 93 calculates a statistic of
blood vessel information of each pixel included in the region
of interest, and sets the value as blood vessel information of
the region of interest. For example, in the case of calculating
the thickness of a blood vessel as blood vessel information,
the “thickness of a blood vessel” of each pixel is calculated
as described above. In a case where a region of interest is set,
a statistic of the “thickness of a blood vessel” of each pixel
included in the region of interest is further calculated, and
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one “thickness of a blood vessel” is calculated for one set
region of interest. The same is true for a case where the
entire endoscope image is set as a region of interest.
[0099] The statistic in the case of calculating blood vessel
information for each pixel and the statistic in the case of
calculating blood vessel information of a region of interest
may be the same statistic, or may be different. For example,
in the case of calculating the thickness of a blood vessel for
each pixel, an average value of the thickness of the blood
vessel appearing in a “predetermined range” may be calcu-
lated. Thereafter, even in the case of calculating the thick-
ness of a blood vessel in the region of interest, the average
value of the thickness of the blood vessel of each pixel may
be calculated, or a mode of the thickness of the blood vessel
of each pixel may be calculated.

[0100] In the present embodiment, blood vessel informa-
tion is calculated for each pixel as described above and then
the statistic of the blood vessel information calculated for
each pixel within the region of interest is calculated. thereby
calculating the blood vessel information of the region of
interest. However, depending on the type of blood vessel
information to be calculated, a relationship between the
method of calculating the statistic in the case of calculating
the blood vessel information for each pixel and the method
of calculating the statistic in the case of calculating the blood
vessel information of the region of interest, and the like, it
is possible to omit the blood vessel information for each
pixel. In the case of the “thickness of a blood vessel”, an
average value of the thickness of the blood vessel appearing
in the region of interest can be set as the thickness of the
blood vessel in the region of interest.

[0101] The blood vessel parameter calculation unit 94
calculates an evaluation value, which is called a blood vessel
parameter relevant to a blood vessel at a specific depth, by
calculation using the blood vessel information calculated by
the blood vessel information calculation unit 93. In the
present embodiment, the blood vessel parameter calculation
unit 94 calculates a blood vessel parameter using a plurality
of pieces of blood vessel information. Specifically, in a case
where the surface layer blood vessel 74 is extracted by the
blood vessel extraction unit 92, the blood vessel parameter
calculation unit 94 calculates a blood vessel parameter
relevant to the surface layer blood vessel 74 by calculation
using a plurality of pieces of blood vessel information
regarding the surface layer blood vessel 74. Similarly, in a
case where the middle deep layer blood vessel 75 is
extracted by the blood vessel extraction unit 92, the blood
vessel parameter calculation unit 94 calculates a blood
vessel parameter relevant to the middle deep layer blood
vessel 75 by calculation using a plurality of pieces of blood
vessel information regarding the middle deep layer blood
vessel 75.

[0102] The blood vessel parameter calculation unit 94
calculates a blood vessel parameter by multiplying each of
the plurality of pieces of blood vessel information by a
weighting coefficient and taking a sum thereof. The weight-
ing coeflicient is stored in a weighting coefficient table 99,
and is determined in advance, for example, by machine
learning. In the present embodiment, in the case of calcu-
lating a blood vessel parameter relevant to the surface layer
blood vessel 74 and the case of calculating a blood vessel
parameter relevant to the middle deep layer blood vessel 75,
the weighting coeflicient table 99 is commonly used. There-
fore, in the case of calculating the blood vessel parameter
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relevant to the surface layer blood vessel 74 and the case of
calculating the blood vessel parameter relevant to the middle
deep layer blood vessel 75, the content of the calculation is
commort.

[0103] In the present embodiment, the blood vessel
parameter calculation unit 94 calculates the weighted sum of
a plurality of pieces of blood vessel information as a blood
vessel parameter as described above. However, the method
of calculating the blood vessel parameter is arbitrary. For
example, a blood vessel parameter may be calculated by
operation including addition, subtraction, multiplication,
and division instead of simply taking a sum, or a blood
vessel parameter may be calculated using other functions. In
a case where it is necessary to change the method of
calculating a blood vessel parameter according to the depth
of the blood vessel, a weighting coeflicient table is provided
for each depth of the blood vessel. For example, in a case
where a first weighting coeflicient table used in the case of
calculating a blood vessel parameter relevant to the surface
layer blood vessel 74 and a second weighting coefficient
table used in the case of calculating a blood vessel parameter
relevant to the middle deep layer blood vessel 75 are
prepared in advance as the weighting coefficient table 99, the
method of calculating a blood vessel parameter can be
changed between the surface layer and the middle deep
layer.

[0104] In a case where it is necessary to change the
method of calculating a blood vessel parameter according to
the depth of the blood vessel, the blood vessel parameter
calculation unit 94 stores a weighting coefficient for each
depth of the blood vessel in advance. The blood vessel
parameter calculation unit 94 can calculate a plurality of
types of blood vessel parameters. For example, the blood
vessel parameter calculation unit 94 can calculate a blood
vessel parameter PA relevant to a lesion A and a blood vessel
parameter PB relevant to a lesion B different from the lesion
A. The blood vessel parameter PA and the blood vessel
parameter PB have different weighting coefficients used at
the time of calculation. Therefore, the blood vessel param-
eter calculation unit 94 stores a plurality of weighting
coefficients in advance for each blood vessel parameter. As
described above, the weighting coefficient table 99 stores
weighting coefficients for each depth or for each type of
blood vessel parameter.

[0105] Since the blood vessel parameters are calculated by
adding pieces of blood vessel information having different
dimensions (units) or the like, the blood vessel parameters
have no physical meaning but function as indices of diag-
nosis. That is, unlike the blood vessel information, the blood
vessel parameter is a value having no physical meaning.
[0106] The display control unit 95 controls the display of
the monitor 98. For example, as shown in FIG. 8, the display
control unit 95 displays the endoscope image acquired by
the image acquisition unit 91 on the monitor 98. In the case
of the present embodiment, since the image acquisition unit
91 acquires two types of endoscope images of the first
endoscope image 71 and the second endoscope image 72,
the display control unit 95 displays the first endoscope
image 71 of these images in an endoscope image display
portion 115. By changing the display setting, the second
endoscope image 72 of the first endoscope image 71 and the
second endoscope image 72 can be displayed in the endo-
scope image display portion 115. The display control unit 95
can also display a composite image, which is obtained by
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combining the first endoscope image 71 and the second
endoscope image 72, in the endoscope image display portion
115. For example, the composite image is an image having
high visibility of the surface layer blood vessel 74 to the
same extent as the first endoscope image 71 and high
visibility of the middle deep layer blood vessel 75 to the
same extent as the second endoscope image 72. In this case,
the display control unit 95 also functions as an image
combining unit. A region of interest 121 is designated in an
endoscope image (in the present embodiment, the first
endoscope image 71) displayed in the endoscope image
display portion 115. The input device 97 is used to designate
the region of interest 121.

[0107] By acquiring information regarding the type of the
acquired endoscope image from the image acquisition unit
91, the display control unit 95 generates a list of depths
extractable by the blood vessel extraction unit 92 using the
endoscope image acquired by the image acquisition unit 91,
and displays the list in a depth setting portion 131. In the
depth setting portion 131, the above list is displayed by
operating a pull-down button 132, for example. In the case
of the present embodiment, since the image acquisition unit
91 acquires the first endoscope image 71 and the second
endoscope image 72, the extractable blood vessel depth is
“surface layer” or “middle deep layer”. Therefore, in a case
where the pull-down button 132 is operated, the “surface
layer” and the “middle deep layer” are displayed as a list in
the depth setting portion 131. In the depth setting portion
131 shown in FIG. 8, a state in which the “surface layer” is
selected from the “surface layer” and the “middle deep
layer” is shown. Instead of displaying a list of extractable
depths in the depth setting portion 131, the depth of a blood
vessel to be extracted may be able to be input as a numerical
value. In this case, a “specific depth” including the numeri-
cal value input to the depth setting portion 131 is set to the
depth of a blood vessel to be extracted. For example, in a
case where “40 (um)” is input to the depth setting portion
131, the setting is made to extract the surface layer blood
vessel 74 from the surface layer blood vessel 74 and the
middle deep layer blood vessel 75.

[0108] The blood vessel extraction unit 92 determines the
depth of the blood vessel to be extracted according to the
setting of the depth setting portion 131. In a case where the
“surface layer” is selected in the depth setting portion 131,
the blood vessel extraction unit 92 extracts the surface layer
blood vessel 74. In a case where the “middle deep layer” is
selected in the depth setting portion 131, the blood vessel
extraction unit 92 extracts the middle deep layer blood
vessel 75.

[0109] The display control unit 95 acquires the types of
blood vessel parameters that can be calculated from the
blood vessel parameter calculation unit 94 (or stores in
advance), and displays these in a blood vessel parameter
setting portion 141. In the blood vessel parameter setting
portion 141, a list of the above blood vessel parameters is
displayed by operating a pull-down button 142, for example.
More specifically, in a case where the blood vessel param-
eter PA relevant to the lesion A and the blood vessel
parameter PB relevant to the lesion B can be calculated,
“PA” or “PB” is displayed as a list by operating the pull-
down button 142. In the blood vessel parameter setting
portion 141 shown in FIG. 8, a state of the setting for
calculating the blood vessel parameter PA is shown.
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[0110] According to the setting of the blood vessel param-
eter setting portion 141, the blood vessel parameter calcu-
lation unit 94 selects a weighting coefficient corresponding
to the setting from the weighting coefficient table 99 and
uses the weighting coeflicient. For example, in the case of
setting for calculating the blood vessel parameter PA as in
FIG. 8, the blood vessel parameter calculation unit 94
calculates the blood vessel parameter PA by selecting a
weighting coeflicient, which is used for calculating the blood
vessel parameter PA, from the weighting coefficient table 99
and using the weighting coeflicient. The display control unit
95 displays the value of the blood vessel parameter calcu-
lated by the blood vessel parameter calculation unit 94 in a
blood vessel parameter display portion 143. In the case
shown in FIG. 8, the value of the blood vessel parameter PA
is “123”.

[0111] Next, the flow of the operation of the image pro-
cessing apparatus 65 will be described with reference to a
flowchart shown in FIG. 9. First, according to the input
operation of the input device 97, the image processing
apparatus 65 acquires the first endoscope image 71 and the
second endoscope image 72 from the storage 64 using the
image acquisition unit 91 (S11), and displays these images
on the monitor 98 (S12). Of the first endoscope image 71 and
the second endoscope image 72 that have been acquired, the
image processing apparatus 65 displays the first endoscope
image 71, or the second endoscope image 72, or a composite
image of the first endoscope image 71 and the second
endoscope image 72 in the endoscope image display portion
115 according to the setting. In the present embodiment, the
first endoscope image 71 is displayed in the endoscope
image display portion 115.

[0112] In a case where the first endoscope image 71 is
displayed on the monitor 98, the doctor sets the region of
interest 121 by operating the input device 97 (S13). For
example, in a case where there is an attention portion, which
requires diagnosis of whether or not there is a lesion (or the
degree of progress of a lesion or the like), in the vicinity of
the approximate center of the first endoscope image 71, a
region including the attention portion is set as the region of
interest 121 (refer to FIG. 8).

[0113] Then, the doctor sets the depth of the blood vessel
in the depth setting portion 131 by operating the input device
97 (S14), and sets the type of the blood vessel parameter to
be calculated in the blood vessel parameter setting portion
141 (S15). In the present embodiment, the “surface layer” is
set in the depth setting portion 131, and “PA” (blood vessel
parameter PA relevant to the lesion A) is set in the blood
vessel parameter setting portion 141. Therefore, the blood
vessel extraction unit 92 extracts the surface layer blood
vessel 74 using the first endoscope image 71 and the second
endoscope image 72 (S16), the blood vessel information
calculation unit 93 calculates a plurality of pieces of blood
vessel information regarding the extracted surface layer
blood vessel 74 (S17), and the blood vessel parameter
calculation unit 94 calculates the blood vessel parameter PA
by calculation using the plurality of pieces of blood vessel
information calculated by the blood vessel information
calculation unit 93 (S18). The value of the blood vessel
parameter PA calculated by the blood vessel parameter
calculation unit 94 is displayed in the blood vessel parameter
display portion 143 (S19).

[0114] As described above, the image processing appara-
tus 65 calculates more intuitive and useful blood vessel
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parameters than blood vessel information not only by cal-
culating various kinds of blood vessel information but also
by performing calculation using a plurality of pieces of
blood vessel information. The blood vessel parameter cal-
culated by the image processing apparatus 65 is a blood
vessel parameter relevant to a blood vessel at a specific
depth of the observation target. Accordingly, the image
processing apparatus 65 can assist diagnosis more directly
than conventional endoscope systems and the like that
simply calculate blood vessel information. In addition, it is
possible to assist diagnosis more effectively than conven-
tional endoscope systems and the like that calculate blood
vessel information for each submucosal depth.

[0115] In the first embodiment described above, the depth
of a blood vessel to be extracted is set, and a blood vessel
parameter is calculated for a blood vessel at the set depth.
However, the blood vessel extraction unit 92 may extract a
blood vessel for each depth, the blood vessel information
calculation unit 93 may calculate a plurality of pieces of
blood vessel information for each depth of the observation
target. and the blood vessel information calculation unit 93
may calculate the blood vessel parameter of each depth by
using the plurality of pieces of blood vessel information
calculated for each depth.

[0116] For example, as shown in FIG. 10, a setting “ALL”
for extracting all blood vessels for each depth is prepared in
the depth setting portion 131. In a case where the first
endoscope image 71 and the second endoscope image 72 are
used, “ALL” is a setting in which the blood vessel extraction
unit 92 extracts the surface layer blood vessel 74 and
extracts the middle deep layer blood vessel 75 using the first
endoscope image 71 and the second endoscope image 72.
Therefore, the blood vessel information calculation unit 93
calculates a plurality of pieces of blood vessel information
regarding the surface layer blood vessel 74, and calculates a
plurality of pieces of blood vessel information regarding the
middle deep layer blood vessel 75. Then, according to the
setting (in FIG. 10, the setting for calculating the blood
vessel parameter “PA”) of the blood vessel parameter setting
portion 141, the blood vessel parameter calculation unit 94
calculates a blood vessel parameter of the “surface layer” by
calculation using a plurality of pieces of blood vessel
information regarding the surface layer blood vessel 74, and
calculates a blood vessel parameter of the “middle deep
layer” by calculation using a plurality of pieces of blood
vessel information regarding the middle deep layer blood
vessel 75. Then, the display control unit 95 provides a first
blood vessel parameter display portion 145 for displaying
the blood vessel parameter of the surface layer and a second
blood vessel parameter display portion 1455 for displaying
the blood vessel parameter of the middle deep layer, instead
of the blood vessel parameter display portion 143, and
displays the value of each calculated blood vessel parameter
in these blood vessel parameter display portions. In FIG. 10,
a value “123” of the blood vessel parameter PA relevant to
the surface layer blood vessel 74 is displayed in the first
blood vessel parameter display portion 1454, and a value
“85” of the blood vessel parameter PA relevant to the middle
deep layer blood vessel 75 is displayed in the second blood
vessel parameter display portion 145b.

[0117] As described above, in a case where a blood vessel
is extracted for each of a plurality of depths and a blood
vessel parameter of each depth is calculated, it is possible to
compare blood vessel parameters for each depth. As a result,
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it is possible to assist diagnosis more satisfactorily. The
same is true for a case where the depth with the mucosal
surface as a reference is divided into three or more layers,
such as “surface layer”, “middle layer”, and “deep layer”,
and a blood vessel parameter is calculated for each depth.

[0118] In the modification example described above, the
setting for calculating the blood vessel parameter PA is
performed by the blood vessel parameter setting portion
141, and the blood vessel parameter PA is calculated for each
depth. However, in a case where the blood vessel parameter
calculation unit 94 can calculate a plurality of types of blood
vessel parameters, two or more types of blood vessel param-
eters may be calculated. For example, in a case where the
blood vessel parameter PA relevant to the lesion A and the
blood vessel parameter PB relevant to the lesion B can be
calculated as blood vessel parameters, a first blood vessel
parameter setting portion 1444 and a second blood vessel
parameter setting portion 1445 are provided instead of the
blood vessel parameter setting portion 141 as shown in FIG.
11. Then, for each depth, the blood vessel parameter PA and
the blood vessel parameter PB are calculated and displayed.
Specifically, a value “123” of the blood vessel parameter PA
of the “surface layer” is displayed in the first blood vessel
parameter display portion 145q, and a value “85” of the
blood vessel parameter PA of the “middle deep layer” is
displayed in the second blood vessel parameter display
portion 1455. Similarly, a value “45” of the blood vessel
parameter PB of the “surface layer” is displayed in a blood
vessel parameter display portion 1464, and a value “143” of
the blood vessel parameter PB of the “middle deep layer” is
displayed in the blood vessel parameter display portion
146b.

[0119] By calculating a plurality of types of blood vessel
parameters as described above, it is possible to perform
diagnosis from different viewpoints at the same time. As a
result, it is possible to assist diagnosis more satisfactorily.
The same is true for a case of calculating three or more blood
vessel parameters.

[0120] In the first embodiment described above, the cal-
culated blood vessel parameters are displayed numerically in
the blood vessel parameter display portion 143. However, in
a case where the blood vessel parameter calculation unit 94
calculates a plurality of blood vessel parameters for each
depth, the calculated blood vessel parameters for each depth
may be displayed as a graph with respect to the depth. For
example, in the case of calculating the blood vessel param-
eter PA for each of a first specific depth, a second specific
depth, a third specific depth, a fourth specific depth, and a
fifth specific depth, a blood vessel parameter PA; of the first
specific depth, a blood vessel parameter PA, of the second
specific depth, a blood vessel parameter PA; of the third
specific depth, a blood vessel parameter PA, of the fourth
specific depth, and a blood vessel parameter PA of the fifth
specific depth can be displayed on the monitor 98 as a graph
161 with respect to the depth, as shown in FIG. 12. In a case
where the blood vessel parameter calculated for each depth
is displayed as the graph 161 with respect to the depth as
described above, changes or abnormalities of the blood
vessel parameter due to the depth can be easily found
visually. As a result, it is possible to assist diagnosis more
satisfactorily.

[0121] In the first embodiment and the modification
example described above, a blood vessel parameter of a
specific depth is calculated using a plurality of pieces of
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blood vessel information calculated for a blood vessel at the
specific depth. For example, a blood vessel parameter of the
“surface layer” is calculated using a plurality of pieces of
blood vessel information calculated for the blood vessel of
the “surface layer”, and a blood vessel parameter of the
“middle deep layer” is calculated using a plurality of pieces
of blood vessel information calculated for the blood vessel
of the “middle deep layer”. However, the blood vessel
parameter calculation unit 94 may calculate the blood vessel
information of a specific depth using blood vessel informa-
tion calculated for blood vessels having depths other than
the specific depth. For example, in the case of calculating the
blood vessel parameter of the “surface layer”, it is possible
to use not only the blood vessel information regarding the
blood vessel of the “surface layer” but also the blood vessel
information regarding the blood vessel of the “middle deep
layer”. Similarly, in the case of calculating the blood vessel
parameter of the “middle deep layer™, it is possible to use not
only the blood vessel information regarding the blood vessel
of the “middle deep layer” but also the blood vessel infor-
mation regarding the blood vessel of the “surface layer”.
Depending on the type of the blood vessel parameter, in a
case where pieces of blood vessel information between
different depths are used in combination as described above,
a more accurate and useful value may be obtained.

[0122] In the first embodiment and the modification
example described above, blood vessel information is cal-
culated for the set region of interest 121, and the blood
vessel parameter of the region of interest 121 is calculated
by calculation using the blood vessel information of the
region of interest 121. However, even in the case of desig-
nating the region of interest 121, blood vessel information of
a region other than the region of interest 121 can be used.
For example, as shown in FIG. 13, the blood vessel infor-
mation calculation unit 93 calculates blood vessel informa-
tion for the inside Ri of the region of interest 121 in the same
manner as in the first embodiment or the like, and also
calculates blood vessel information for a region Ro other
than the region of interest 121. Then, the blood vessel
parameter calculation unit 94 calculates the blood vessel
parameter using not only the blood vessel information
calculated for the inside Ri of the region of interest 121 but
also the blood vessel information calculated for the region
Ro other than the region of interest 121. In this manner, in
a case where the blood vessel information calculated for the
region Ro other than the region of interest 121 is also used
in the calculation of the blood vessel parameter, it is possible
to calculate a more accurate blood vessel parameter since the
individual difference of the observation target is reduced
from the blood vessel parameter. The region Ro other than
the region of interest 121 is a normal part of the observation
target in general. Therefore, the influence of the individual
difference of the observation target on the blood vessel
parameter is reduced, for example, by standardizing the
blood vessel information according to “normal” blood vessel
information unique to the observation target.

Second Embodiment

[0123] In the first embodiment and the modification
example described above, a blood vessel parameter is cal-
culated and displayed on the monitor 98. However, as shown
in FIG. 14, a determination unit 203 for determining the state
of the mucous membrane of the observation target using a
blood vessel parameter may be provided in the image
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processing apparatus 65, and the determination result of the
determination unit 203 may be displayed on the monitor 98.
The “state of the mucous membrane” of the observation
target is a comprehensive status as the entire mucous mem-
brane including blood vessels. For example, the “state of the
mucous membrane” of the observation target is “normal”,
“adenoma” (suspected of adenoma), “cancer” (suspected of
cancer), and the like.

[0124] The determination unit 203 acquires a blood vessel
parameter from the blood vessel parameter calculation unit
94, and determines the state of the mucous membrane of the
observation target based on the blood vessel parameter or by
performing further calculation using the blood vessel param-
eter.

[0125] For example, it is assumed that a weighting coef-
ficient used for calculating the blood vessel parameter PA is
set as a balance for determining the state of the mucous
membrane to be one of three kinds of states (normal,
adenoma, and cancer). In this case, the determination umit
203 determines the state of the mucous membrane of the
observation target to be “normal” in a case where the blood
vessel parameter PA is equal to or less than a first threshold
value THI. In a case where the blood vessel parameter PA
is greater than the first threshold value TH1 and equal to or
less than a second threshold value TH2, the determination
unit 203 determines the state of the mucosa of the observa-
tion target to be “adenoma”. In a case where the blood vessel
parameter PA is greater than the second threshold value
TH2, the determination unit 203 determines the state of the
mucosa of the observation target to be “cancer”. Then, as
shown in FIG. 15, a determination result display portion 217
is provided on the display screen of the monitor 98 to display
the determination result of the determination unit 203
described above. In the case shown in FIG. 15, the deter-
mination result is “adenoma”.

[0126] As described above, by providing the determina-
tion unit 203 in the image processing apparatus 65, deter-
mining the state of the mucous membrane of the observation
target using the blood vessel parameter, and displaying the
determination result 208, it is possible to assist the diagnosis
so as to be easily understood in a more straightforward way
than in a case where the blood vessel parameter is displayed.
[0127] It is desirable that the determination unit 203
determines the state of the mucous membrane to be three or
more states including normal, adenoma, and cancer. In
particular, in the case of determining the state of the mucous
membrane of the large intestine, it is preferable to determine
the state of the mucous membrane of the large intestine to be
any state including normal, hyperplastic polyp (HP), sessile
serrated adenoma/Polyp (SSA/P), traditional serrated
adenoma (TSA), laterally spreading tumor (LST), and can-
cer. In a case where the determination result of the deter-
mination unit 203 is subdivided as described above, it is
preferable that the determination unit 203 uses blood vessel
information in addition to the blood vessel parameter. Con-
ventionally, a hyperplastic polyp was thought to have low
risk of canceration and does not need to be treated. In recent
years, however, an example in which an SSA/P analogous to
a hyperplastic polyp is cancerated has also been discovered.
In particular, it is becoming important to differentiate
between the hyperplastic polyp and the SSA/P. On the other
hand, it is known that an SSA/P is likely to be formed in a
case where the middle deep layer blood vessel 75 traverses
under the thickened mucous membrane thought to be a
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hyperplastic polyp or SSA/P. By using the blood vessel
parameter, the determination unit 203 can differentiate
between the hyperplastic polyp and the SSA/P. However, by
using the blood vessel parameter and the blood vessel
information (thickness and length of a blood vessel) in
combination, it is possible to differentiate between the
hyperplastic polyp and the SSA/P with a higher probability.
[0128] In a case where the state of the mucous membrane
of the observation target is cancer, it is preferable that the
determination unit 203 further determines the stage of
cancer using the blood vessel parameter. Then, it is prefer-
able to display the stage of the cancer determined by the
determination unit 203 in the determination result display
portion 217. In this manner, in a case where the state of the
mucous membrane of the observation target is determined to
be cancer, the stage is further determined and the result is
displayed on the monitor 98, so that the diagnosis can be
more finely assisted. In a case where the state of the mucous
membrane of the observation target is cancer and the stage
of the cancer is further determined, the stage of the cancer
may be determined by combining the blood vessel parameter
with the blood vessel information or by using the blood
vessel information.

[0129] In the second embodiment described above, the
determination result of the determination unit 203 is dis-
played on the monitor 98. However, instead of displaying
the determination result itself of the determination unit 203
on the monitor 98, a warning may be displayed based on the
determination result of the determination unit 203. For
example, in a case where the determination result of the
determination unit 203 is “cancer”, it is preferable to display
a warning message based on the determination result, such
as “there is a possibility of cancer”, in the determination
result display portion 217.

[0130] In the second embodiment described above, the
determination unit 203 determines the state of the mucous
membrane of the observation target by comparing the blood
vessel parameter with the first threshold value TH1 and the
second threshold value TH2. However, as in the modifica-
tion example of the first embodiment, in the case of calcu-
lating the blood vessel parameter for each of a plurality of
depths, the state of the mucous membrane of the observation
target can be determined according to the change of the
blood vessel parameter with respect to the depth.

[0131] For example, it is assumed that the blood vessel
parameter PA is calculated for each of the first specific depth,
the second specific depth, the third specific depth, the fourth
specific depth, and the fifth specific depth and the blood
vessel parameter PA has a property of decreasing as the
depth with respect to the mucosal surface increases in a case
where the observation target is normal. Then, in a case
where any of the blood vessel parameter PA, of the first
specific depth, the blood vessel parameter PA, of the second
specific depth, the blood vessel parameter PA; of the third
specific depth, the blood vessel parameter PA,, of the fourth
specific depth, and the blood vessel parameter PAg of the
fifth specific depth that have been calculated is different
from the change mode expected in the case of the observa-
tion target, the determination unit 203 can determine the
state of the mucous membrane of the observation target to be
abnormal (adenoma, cancer, or the like). For example, as
shown in FIG. 16, based on the fact that the blood vessel
parameter PA, of the fourth specific depth deviates from a
change width 218 expected in a case where the state of the



US 2018/0214004 Al

mucous membrane of the observation target is normal, the
determination unit 203 determines the state of the mucous
membrane of the observation target to be abnormal.

[0132] In the case of determining the state of the mucous
membrane of the observation target based on the change
mode of the blood vessel parameter with respect to the
depth, the “change mode of the blood vessel parameter with
respect to the depth” expected in a case where the observa-
tion target is normal differs depending on the blood vessel
parameter. In addition to the blood vessel parameter that
decreases as the depth increases as described above, there is
also a blood vessel parameter that increases as the depth
increases conversely. There is also a blood vessel parameter
by which it can be determined that there is a possibility of
lesion in a case where the value is small at the surface layer,
increases at the middle layer, and decreases again at the deep
layer. In the case of a blood vessel parameter that is almost
fixed regardless of depth, the state of the mucous membrane
of the observation target can be determined to be abnormal
in a case where the value of the blood vessel parameter
deviates from the fixed value at any of the depths at which
the blood vessel parameter is calculated, such as the surface
layer, the middle layer, or the deep layer.

[0133] As described above, in the case of determining the
state of the mucous membrane of the observation target
based on the change mode of the blood vessel parameter
with respect to the depth, it is preferable that the change of
the blood vessel parameter with respect to the depth is
displayed on the monitor 98 as shown in FIG. 16 to indicate
the basis of the determination of the determination unit 203.

[0134] In the second embodiment described above, the
determination unit 203 determines the state of the mucous
membrane of the observation target using one type of blood
vessel parameter, the state of the mucous membrane of the
observation target may also be determined using a plurality
of types of blood vessel parameters. For example, as shown
in FIG. 17, the state of the mucous membrane of the
observation target may be able to be divided into classifi-
cation 1, classification 2, and classification 3 (normal,
adenoma, cancer, and the like) according to the relationship
between the blood vessel parameter PA, of the first depth
and the blood vessel parameter PB, of the second depth. In
this case, as shown in FIG. 17, it is preferable that a graph
219 showing a classification based on the relationship
between a plurality of blood vessel parameters used in the
determination of the determination unit 203 and values 220
of the plurality of calculated blood vessel parameters are
displayed on the monitor 98 to indicate the basis of the
determination of the determination unit 203.

Third Embodiment

[0135] In the first and second embodiments described
above, the endoscope system 10 stores an endoscope image
in the storage 64, and the image processing apparatus 65
acquires the endoscope image from the storage 64 later to
calculate a blood vessel parameter. However, the endoscope
system 10 may calculate a blood vessel parameter almost in
real time while observing the observation target. In this case,
as in an endoscope system 310 shown in FIG. 18, the image
acquisition unit 91, the blood vessel extraction unit 92, the
blood vessel information calculation unit 93, the blood
vessel parameter calculation unit 94, and the display control
unit 95 are provided in the processor device 16. The con-
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figuration of the endoscope 12 or the light source device 14
is the same as that of the endoscope system 10 of the first
embodiment.

[0136] In a case where each unit of the image processing
apparatus 65 is provided in the processor device 16 as
described above, the image acquisition unit 91 can directly
acquire the endoscope image generated by the signal pro-
cessing unit 62 from the signal processing unit 62 without
passing through the storage 64. Therefore, the image acqui-
sition unit 91 acquires the first endoscope image 71 and the
second endoscope image 72 generated in a case where a still
image acquisition instruction is input, for example. The
operations of the blood vessel extraction unit 92, the blood
vessel information calculation unit 93, the blood vessel
parameter calculation unit 94, and the display control unit 95
other than the image acquisition unit 91 are the same as
those in the endoscope system 10 of the first embodiment.
[0137] As described above, in a case where each unit of
the image processing apparatus 65 is provided in the pro-
cessor device 16, the processor device 16 also functions as
the image processing apparatus 65. Therefore, in the endo-
scope system 310, since a blood vessel parameter can be
calculated while observing the observation target, it is
possible to assist the diagnosis almost in real time. The
endoscope system 310 is suitable for a case of administering
a medicine to the observation target or performing an
operation on the observation target and observing the action.
[0138] In the third embodiment described above, the
image acquisition unit 91 directly acquires the endoscope
image generated by the signal processing unit 62. However,
instead of directly acquiring the endoscope image from the
signal processing unit 62, the first endoscope image 71 and
the second endoscope image 72 may be acquired from the
storage 64 as in the first embodiment or the like.

[0139] Inthe third embodiment described above, the endo-
scope image acquired by the image acquisition unit 91 from
the signal processing unit 62 is an endoscope image gener-
ated in a case where a still image acquisition instruction is
input. However, the blood vessel parameter may be calcu-
lated using the first endoscope image 71 and the second
endoscope image 72 sequentially generated in the special
observation mode regardless of the still image acquisition
instruction. In this case, it is preferable that the setting of a
region of interest, extraction of a blood vessel, calculation of
blood vessel information, and calculation of a blood vessel
parameter are automatically performed at predetermined
time intervals. The time interval for calculating the blood
vessel parameter can be arbitrarily set by the doctor.
[0140] In the first to third embodiments described above,
two endoscope images of the first endoscope image 71 and
the second endoscope image 72 are used for calculation of
blood vessel parameters. However, blood vessel parameters
may be calculated using three or more endoscope images. In
a case where three or more endoscope images are used, it is
possible to extract blood vessels and finely set (select) the
“specific depth” to calculate blood vessel parameters.
[0141] In the first to third embodiments described above,
blood vessel parameter calculation unit 94 calculates blood
vessel parameters using a plurality of pieces blood vessel
information. However, instead of using a plurality of pieces
of blood vessel information, blood vessel information and
information regarding the observation target other than the
blood vessel information may be used to calculate blood
vessel parameters. The information regarding the observa-
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tion target other than the blood vessel information is, for
example, information regarding a part of the observation
target (esophagus, stomach, colon, and the like), patient
information (age, gender, medical history, and the like), and
the state of the mucosal surface (presence or absence of
protuberance or the size of protuberance, pit pattern, tone,
and the like). For example, in the case of calculating a blood
vessel parameter by combining blood vessel information and
information regarding a part of the observation target, a
parameter set for calculation is prepared in advance for each
part of the observation target, and the blood vessel parameter
is calculated using the blood vessel information and the
parameter set.

[0142] In the first to third embodiments described above,
the present invention is implemented by the endoscope
system 10 (or the endoscope system 310) that performs
observation by inserting the endoscope 12, in which the
imaging sensor 48 is provided, into the subject. However,
the present invention is also suitable for a capsule endoscope
system. For example, as shown in FIG. 19, a capsule
endoscope system includes at least a capsule endoscope 600
and a processor device (not shown). The capsule endoscope
600 includes a light source 602, a light source control unit
603, an imaging sensor 604, an image signal acquisition
processing unit 606, and a transmitting and receiving
antenna 608. The light source 602 is configured similarly to
the light source 20 of the endoscope system 10, and emits
illumination light under the control of the light source
control unit 603. The image signal acquisition processing
unit 606 functions as the image signal acquisition unit 53,
the DSP 56, the noise reduction unit 58, and the signal
processing unit 62. The processor device of the capsule
endoscope system is configured similarly to the processor
device 16 of the endoscope system 310, and also functions
as the image processing apparatus 65.

EXPLANATION OF REFERENCES

[0143] 10: endoscope system

[0144] 12: endoscope

[0145] 12a: insertion part

[0146] 12&: operation unit

[0147] 12¢: bending portion

[0148] 124 distal end portion

[0149] 12e: angle knob

[0150] 13a: still image acquisition instruction unit
[0151] 135: zoom operation unit

[0152] 14: light source device
[0153] 16: processor device
[0154] 18: monitor

[0155] 19: console

[0156] 20: light source

[0157] 22: light source control unit
[0158] 30q: illumination optical system
[0159] 305: imaging optical system
[0160] 41: light guide

[0161] 45: illumination lens

[0162] 46: objective lens

[0163] 47: zoom lens

[0164] 48: imaging sensor

[0165] 51: CDS/AGC circuit

[0166] 52: A/D converter

[0167] 53: image signal acquisition unit
[0168] 56: DSP

[0169] 58: noise reduction unit

[0170]
[0171]
[0172]
[0173]
[0174]
[0175]
[0176]
[0177]
[0178]
[0179]
[0180]
[0181]
[0182]
[0183]
[0184]
[0185]
[0186]
[0187]
[0188]
[0189]
[0190]
[0191]
[0192]
[0193]
[0194]
[0195]
[0196]
[0197]
[0198]
tion

[0199]
[0200]
tion

[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
[0211]
[0212]
[0213]
[0214]
[0215]
[0216]
[0217]
[0218]
[0219]
[0220]
[0221]
[0222]
[0223]
[0224]

61:
62:
63:
64:
65:
71:
T2:
73:
74:
75
91:
92:
93
94:
95:
97:
98:
99

101:
102:
115:

121

131:
132:
141:
142:

143
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memory
signal processing unit
video signal generation unit
storage

image processing apparatus
first endoscope image
second endoscope image
shape of mucosal surface
surface layer blood vessel

: middle deep layer blood vessel

image acquisition unit

blood vessel extraction unit

blood vessel information calculation unit
blood vessel parameter calculation unit
display control unit

input device

monitor

weighting coefficient table

difference image

difference image

endoscope image display portion

: region of interest

setting portion

pull-down button

blood vessel parameter setting portion
pull-down button

: blood vessel parameter display portion

144aq: first blood vessel parameter setting portion
144b: second blood vessel parameter setting por-

145a: first blood vessel parameter display portion
145b: second blood vessel parameter display por-

146a: blood vessel parameter display portion
146b: blood vessel parameter display portion

161:
203:
208:
217
218:
219:
220:
310:
600:
602:
603:
604:
606:
608:

graph

determination unit

determination result

determination result display portion
change width

graph

value of blood vessel parameter
endoscope system

capsule endoscope

light source

light source control unit

imaging sensor

image signal acquisition processing unit
transmitting and receiving antenna

PA: blood vessel parameter

PA1: blood vessel parameter

PB: blood vessel parameter

PB2: blood vessel parameter

Ri: inside of region of interest

Ro: region other than region of interest
THI1: first threshold value

TH2: second threshold value

What is claimed is:

1. An image processing apparatus, comprising:

an image acquisition unit that acquires an endoscope
image obtained by imaging an observation target with
an endoscope;
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a blood vessel extraction unit that extracts a blood vessel
for each depth at a specific depth of the observation
target from the endoscope image;

ablood vessel information calculation unit that calculates
blood vessel information for each depth regarding the
blood vessel extracted by the blood vessel extraction
unit; and

a blood vessel parameter calculation unit that calculates a
blood vessel parameter for each depth, which is rel-
evant to the blood vessel at the specific depth, by
calculation for each depth using the blood vessel infor-
mation.

2. The image processing apparatus according to claim 1,

wherein the blood vessel information is the number of
blood vessels extracted by the blood vessel extraction
unit, a thickness, a change in thickness, complexity of
thickness change, a length, a change in length, the
number of branches, a branching angle, a distance
between branch points, the number of crossings, a
depth, a height difference, an inclination, an area, a
density, an interval, a contrast, a color, a color change,
a degree of meandering, blood concentration, oxygen
saturation, a proportion of arteries. a proportion of
veins, concentration of administered coloring agent, a
running pattern, or a blood flow rate.

3. The image processing apparatus according to claim 1,

wherein the blood vessel parameter calculation unit cal-
culates the blood vessel parameter of the specific depth
using the blood vessel information calculated for the
blood vessel at the specific depth.

4. The image processing apparatus according to claim 1,

wherein the blood vessel parameter calculation unit cal-
culates the blood vessel parameter of the specific depth
using the blood vessel information calculated for blood
vessels having depths other than the specific depth.

5. The image processing apparatus according to claim 1,

wherein the blood vessel parameter calculation unit cal-
culates the blood vessel parameter by weighting a
plurality of pieces of the blood vessel information.

6. The image processing apparatus according to claim 5,

wherein the blood vessel parameter calculation unit per-
forms the weighting using a coefficient determined by
machine learning.

7. The image processing apparatus according to claim 1,

wherein the blood vessel information calculation unit
calculates a statistic in a region of interest, which is set
in a part or entirety of the endoscope image, as the
blood vessel information.

8. The image processing apparatus according to claim 7,

wherein the statistic is a maximum value, a minimum
value, an average value, a median, or a mode.

9. The image processing apparatus according to claim 7,

wherein, in a case of setting the region of interest in a part
of the endoscope image, the blood vessel information
calculation unit calculates the blood vessel information
of the region of interest and also calculates the blood
vessel information for a region other than the region of
interest, and

the blood vessel parameter calculation unit calculates the
blood vessel parameter using the blood vessel infor-
mation of the region of interest and the blood vessel
information of the region other than the region of
interest.
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10. The image processing apparatus 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.

11. The image processing apparatus according to claim

10,

wherein the determination unit determines the state of the
mucous membrane of the observation target according
to a change of the blood vessel parameter with respect
to a depth.

12. The image processing apparatus according to claim

10,

wherein the determination unit determines the state of the
mucous membrane of the observation target using a
plurality of the blood vessel parameters.

13. The image processing apparatus according to claim

10,

wherein the determination unit determines the state of the
mucous membrane of the observation target to be one
of three or more kinds of states including normal,
adenoma, and cancer using the blood vessel parameter.

14. The image processing apparatus according to claim

13,

wherein the determination unit determines the state of the
mucous membrane of the observation target to be one
of normal, hyperplastic polyp, SSA/P, adenoma, later-
ally spreading tumor, and cancer using the blood vessel
parameter.

15. The image processing apparatus according to claim

10,

wherein the determination unit determines a stage of
cancer using the blood vessel information or the blood
vessel parameter in a case where the state of the
mucous membrane of the observation target is cancer.

16. An endoscope system, comprising:

an endoscope that images an observation target; and

an image processing apparatus having an image acquisi-
tion unit that acquires an endoscope image obtained by
imaging the observation target with the endoscope, a
blood vessel extraction unit that extracts a blood vessel
for each depth at a specific depth of the observation
target from the endoscope image, a blood vessel infor-
mation calculation unit that calculates blood vessel
information for each depth regarding the blood vessel
extracted by the blood vessel extraction unit, and a
blood vessel parameter calculation unit that calculates
a blood vessel parameter for each depth, which is
relevant to the blood vessel at the specific depth, by
calculation for each depth using the blood vessel infor-
mation.

17. An image processing method, comprising:

a step in which an image acquisition unit acquires an
endoscope image obtained by imaging an observation
target with an endoscope;

a step in which a blood vessel extraction unit extracts a
blood vessel for each depth at a specific depth of the
observation target from the endoscope image;

a step in which a blood vessel information calculation unit
calculates blood vessel information for each depth
regarding the blood vessel extracted by the blood vessel
extraction unit; and

a step in which a blood vessel parameter calculation unit
calculates a blood vessel parameter for each depth,
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which is relevant to the blood vessel at the specific
depth, by calculation for each depth using the blood
vessel information.
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