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(57) ABSTRACT

A program causes a computer communicatively connected
to an endoscope apparatus provided with a master endo-
scope and a slave endoscope to execute processing, includ-
ing acquiring a master endoscope image of a subject from
the master endoscope, acquiring a slave endoscope image of
the subject from the slave endoscope, and correcting a color
tone of at least either one endoscope image of the master
endoscope image and the slave endoscope image so as to
reduce a difference in color tone between the master endo-
scope image and the slave endoscope image that have been
acquired.
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PROGRAM, INFORMATION PROCESSING
METHOD, AND ENDOSCOPE SYSTEM

TECHNICAL FIELD

[0001] The present technology relates to a program, an
information processing method, and an endoscope system.
[0002] The present application claims priority based on
Japanese Patent Application No. 2021-104980 filed on Jun.
24, 2021, the entire contents of which are incorporated
herein by reference.

BACKGROUND ART

[0003] An endoscope is a medical instrument to be
inserted into a body cavity of a subject to observe and treat
a desired site that includes an imaging unit provided at a
distal tip portion of an insertion tube to be inserted into the
body cavity, and an illumination device illuminating an
imaging field of view of the imaging unit. Patent Literature
1 discloses, as an endoscope apparatus that observes the
inside of a bile duct, a pancreatic duct, or the like, a master
scope having an insertion portion that is insertable up to the
duodenum and a master-slave scope type endoscope appa-
ratus capable of observing and treating up to a bile duct or
a pancreatic duct by inserting a slave scope into a forceps
channel of the master scope.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: JP 4-354929 A
SUMMARY OF INVENTION
Technical Problem
[0005] However, in the endoscope apparatus described in

Literature 1, there is a problem in that matters related to
color tone correction in an endoscope image imaged by the
master scope (master endoscope image) and an endoscope
image imaged by the slave scope (slave endoscope image)
have not been considered.

[0006] In one aspect, an object is to provide a program or
the like capable of performing color tone correction on a
master endoscope image imaged by the master endoscope
and a slave endoscope image imaged by the slave endoscope
in an endoscope apparatus provided with the master endo-
scope and the slave endoscope.

Solution to Problem

[0007] A program according to one aspect of the present
disclosure causes a computer communicatively connected to
an endoscope apparatus provided with a master endoscope
and a slave endoscope to execute processing that includes
acquiring a master endoscope image of a subject from the
master endoscope, acquiring a slave endoscope image of the
subject from the slave endoscope, and correcting a color
tone of at least either one endoscope image of the master
endoscope image and the slave endoscope image so as to
reduce a difference in color tone between the master endo-
scope image and the slave endoscope that have been
acquired.

[0008] An information processing method according to
one aspect of the present disclosure causes a computer
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communicatively connected to an endoscope apparatus pro-
vided with a master endoscope and a slave endoscope to
execute processing that includes acquiring a master endo-
scope image of a subject from the master endoscope, acquir-
ing a slave endoscope image of the subject from the slave
endoscope, and correcting a color tone of at least either one
endoscope image of the master endoscope image and the
slave endoscope image so as to reduce a difference in color
tone between the master endoscope image and the slave
endoscope that have been acquired.

[0009] An endoscope system according to one aspect of
the present disclosure is an endoscope system including an
endoscope apparatus and control units that process endo-
scope images of a subject that is imaged, wherein the
endoscope apparatus is provided with a master endoscope, a
slave endoscope that protrudes from a distal tip portion of
the master endoscope, and a detection unit provided on a
distal tip side of the master endoscope and which detects the
slave endoscope, and when the detection unit detects the
slave endoscope, the control unit acquires a master endo-
scope image of the subject from the master endoscope,
acquires a slave endoscope image of the subject from the
slave endoscope, and corrects a color tone of at least either
one endoscope image of the master endoscope image and the
slave endoscope image so as to reduce a difference in color
tone between the master endoscope image and the slave
endoscope image that have been acquired.

Advantageous Effects of Invention

[0010] According to the present disclosure, it is possible to
provide a program or the like that performs color tone
correction on a master endoscope image imaged by a master
endoscope and a slave endoscope image imaged by a slave
endoscope in an endoscope apparatus provided with the
master endoscope and the slave endoscope.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a schematic diagram that illustrates an
outline of an endoscope system according to a first embodi-
ment.

[0012] FIG. 2 is a block diagram that illustrates a con-
figuration example of an endoscope apparatus included in
the endoscope system.

[0013] FIG. 3 is a block diagram that illustrates a con-
figuration example of an information processing apparatus
included in the endoscope system.

[0014] FIG. 4 is a side cross-sectional view that schemati-
cally illustrates a slave endoscope or the like.

[0015] FIG. 5 is a flowchart that illustrates one example of
a processing procedure executed by a control unit of a
processor for an endoscope.

[0016] FIG. 6 is a functional block diagram that exempli-
fies functional units included in a control unit of the infor-
mation processing apparatus according to a second embodi-
ment (reference region model).

[0017] FIG. 7 is an explanatory diagram that explains a
process of outputting respective regions serving as refer-
ences for color tone correction using the reference region
model.

[0018] FIG. 8 is a flowchart that illustrates one example of
a processing procedure executed by the control unit of the
information processing apparatus.
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[0019] FIG. 9 is a functional block diagram that exempli-
fies functional units included in a control unit of the infor-
mation processing apparatus according to a third embodi-
ment (color tone correction model).

[0020] FIG. 10 is an explanatory diagram that explains a
process of outputting the master endoscope image and the
slave endoscope image for which the color tone has been
corrected using the color tone correction model.

[0021] FIG. 11 is a flowchart that illustrates one example
of a processing procedure executed by the control unit of the
information processing apparatus.

[0022] FIG. 12 is a block diagram that illustrates a con-
figuration example of the endoscope system according to a
fourth embodiment (processor for a master endoscope, pro-
cessor for a slave endoscope).

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0023] Hereinafter, the present invention will be described
in detail with reference to the drawings illustrating embodi-
ments of the present invention. FIG. 1 is a schematic
diagram that illustrates an outline of an endoscope system S
according to a first embodiment. The endoscope system S
may include an endoscope apparatus 10, and further, may
include an information processing apparatus 6 communica-
tively connected to the endoscope apparatus 10.

[0024] The endoscope apparatus 10 transmits images
(captured images) captured by image sensors 445 of endo-
scopes (master endoscope 40 and slave endoscope 401) to a
processor 20 for an endoscope, and the processor 20 for an
endoscope performs each type of image processing such as
gamma correction, white balance correction, and shading
correction to generate endoscope images (master endoscope
image and slave endoscope image) in a state that is easy to
view by an operator. The endoscope apparatus 10 may
output (transmit) the endoscope images that are generated to
the information processing apparatus 6. For example, the
information processing apparatus 6 that has acquired the
endoscope images transmitted from the endoscope apparatus
10 performs, for example, various types of information
processing and outputs information related to diagnosis
assistance based on these endoscope images.

[0025] The endoscope apparatus 10 is a master-slave type
endoscope apparatus 10 that includes the processor 20 for an
endoscope, the master endoscope 40, the slave endoscope
401, and a display device 50. The display device 50 is, for
example, a liquid crystal display device or an organic electro
luminescence (EL) display device. The master endoscope
image is imaged by the master endoscope 40 and the slave
endoscope image is imaged by the slave endoscope 401.
[0026] The display device 50 is provided on an upper shelf
of a storage shelf 16 with casters. The processor 20 for an
endoscope is housed on a middle shelf of the storage shelf
16. The storage shelf 16 is disposed in the vicinity of a bed
for endoscopic examination (not illustrated). The storage
shelf 16 has a pull-out shelf on which a keyboard 15
connected to the processor 20 for an endoscope is provided.
[0027] The processor 20 for an endoscope has a substan-
tially rectangular parallelepiped shape and is provided with
a touch panel 25 on one surface. A reading unit 28 is
disposed at a lower portion of the touch panel 25. The
reading unit 28 is, for example, a connection interface for
performing reading and writing to a portable recording
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medium such as a USB connector, a secure digital (SD) card
slot, or a compact disc read only memory (CD-ROM) drive.
[0028] The master endoscope 40 has an insertion portion
44, an operation unit 43, a master endoscope universal cord
49, and a scope connector 48. The operation unit 43 is
provided with a control button 431. The insertion portion 44
is long and one end is connected to the operation unit 43 via
a bend preventing portion 45. The insertion portion 44 has,
in order from the operation unit 43 side, a soft portion 441,
a bending section 442, and a distal tip portion 443. The
bending section 442 bends in accordance with the operation
of'a bending knob 433. Physical detection devices such as a
three-axis acceleration sensor, a gyro sensor, a geomagnetic
sensor, a magnetic coil sensor, an endoscope-insertion-
shaped observation device (colonoscope navigation), or the
like may be attached to the insertion portion 44, and detec-
tion results from these physical detection devices may be
acquired when the master endoscope 40 is inserted into a
body of a subject.

[0029] The operation unit 43 of the master endoscope 40
is provided with a forceps port 435, and the slave endoscope
401 is inserted inside the master endoscope 40 from the
forceps port 435. In other words, the slave endoscope 401 is
inserted through a forceps port channel (working channel)
provided inside the master endoscope 40 and protrudes from
the distal tip portion 443 of the master endoscope 40.
[0030] The master endoscope universal cord 49 is long,
and a first end is connected to the operation unit 43, while
a second end is connected to the scope connector 48. The
master endoscope universal cord 49 is soft. The scope
connector 48 has a substantially rectangular parallelepiped
shape. The scope connector 48 is provided with an air/water
supply port 36 (see FIG. 2) to be connected to an air/water
supply tube. A slave endoscope universal cord 491 is con-
nected to the scope connector 48 in the same way as the
master endoscope universal cord 49. The master endoscope
universal cord 49 and the slave endoscope universal cord
491 may be integrated and shared by the master endoscope
40 and the slave endoscope 401.

[0031] FIG. 2 is a block diagram that illustrates a con-
figuration example of an endoscope apparatus included in
the endoscope system. A control unit 21 is an arithmetic
control device that executes a program according to the
present embodiment. One or a plurality of central processing
units (CPUs), graphics processing units (CPUs), multi-core
CPUs, and the like is used for the control unit 21. The
control unit 21 is connected to each hardware unit consti-
tuting the processor 20 for an endoscope via a bus.

[0032] A main storage device 22 is, for example, a storage
device such as a static random-access memory (SRAM), a
dynamic random-access memory (DRAM), or a flash
memory. The main storage device 22 temporarily stores
information necessary during the processing performed by
the control unit 21 and a program being executed by the
control unit 21. An auxiliary storage device 23 is, for
example, a storage device such as a SRAM, a flash memory,
or a hard disk, and is a storage device with a larger capacity
than the main storage device 22. The auxiliary storage
device 23 may store, for example, the captured images that
are acquired from the master endoscope image and the slave
endoscope image (master captured image and slave captured
image) and the endoscope images that are generated (master
endoscope image, slave endoscope image) as intermediate
data.
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[0033] A communication unit 24 is a communication
module or a communication interface for wired or wirelessly
communicating with the information processing apparatus 6
via a network and is, for example, a narrow-arca wireless
communication module such as Wi-Fi (registered trade-
mark) or Bluetooth (registered trademark), or a wide-area
wireless communication module such as 4G or 5G. The
touch panel 25 includes a display unit such as a liquid crystal
display panel and an input unit layered on the display unit.
The communication unit 24 may communicate with a CT
apparatus, an MRI apparatus (see FIG. 8), an ultrasonic
diagnosis apparatus, or a storage device (not illustrated) that
stores data output from these apparatuses.

[0034] A display device I/F 26 is an interface to be
connected to the processor 20 for an endoscope and the
display device 50. An input device I/F 27 is an interface to
be connected to the processor 20 for an endoscope and an
input device such as the keyboard 15.

[0035] A light source 33 is, for example, a high-luminance
white light source such as a white LED or a xenon lamp. The
light source 33 is connected to the bus via a driver (not
illustrated). The control unit 21 controls switching the light
source 33 on and off and changing luminance. [llumination
light emitted from the light source 33 is incident on an
optical connector 312. The optical connector 312 engages
with the scope connector 48 to supply illumination light to
the master endoscope 40 and the slave endoscope 401. The
light source 33 may be shared by the master endoscope 40
and the slave endoscope 401, or the light source 33 may be
provided as individual light sources 33 for the master
endoscope 40 and the slave endoscope 401. Alternatively,
the light source 33 (light source for an endoscope) may be
a master endoscope 40 or a slave endoscope 401 having a
structure in which an LED for a light source is attached at
the distal tip portion.

[0036] A pump 34 generates pressure for an air/water
supply function of the master endoscope 40. The pump 34 is
connected to the bus via a driver (not illustrated). The
control unit 21 controls switching the pump 34 on and off
and changing pressure. The pump 34 is connected to the
air/water supply port 36 provided on the scope connector 48
via a water supply tank 35.

[0037] An outline of functions of the endoscopes (master
endoscope 40 and slave endoscope 401) connected to the
processor 20 for an endoscope will be described. A fiber
bundle, a cable bundle, an air supply tube, a water supply
tube, and the like are inserted inside the scope connector 48,
the master endoscope universal cord 49, the slave endoscope
universal cord 491, the operation unit 43, and the insertion
portion 44. Illumination light emitted from the light source
33 is radiated from illumination windows provided at the
distal tips of the master endoscope 40 and the slave endo-
scope 401 via the optical connector 312 and the fiber bundle.
A range illuminated by the illumination light is captured by
each of the image sensors provided at the respective distal
tips of the master endoscope 40 and the slave endoscope
401. The image sensors of the master endoscope 40 and the
slave endoscope 401 each transmit captured images (master
captured image and slave captured image) to the processor
20 for an endoscope via the cable bundle and an electrical
connector 311.

[0038] The control unit 21 of the processor 20 for an
endoscope functions as an image processing unit 211 by
executing a program stored in the main storage device 22.
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The image processing unit 211 performs each type of image
processing such as gamma correction, white balance cor-
rection, and shading correction on the captured images
(master captured image and slave captured image) output
from the endoscopes (master endoscope 40 and slave endo-
scope 401), and outputs the result as endoscope images
(master endoscope image, slave endoscope image).

[0039] FIG. 3 is a block diagram that illustrates a con-
figuration example of the information processing apparatus
included in the endoscope system. The information process-
ing apparatus 6 includes a control unit 62, a communication
unit 61, a storage unit 63, and an input/output I/F 64. The
information processing apparatus 6 is, for example, a server
device or a personal computer. The server device not only
includes a single server device, but also a cloud server
device configured by a plurality of computers, or a virtual
server device. The information processing apparatus 6 may
be provided as a cloud server located on an external network
accessible from the processor 20 for an endoscope.

[0040] The control unit 62 includes one or a plurality of
arithmetic processing devices provided with a time counting
function, such as a central processing unit (CPU), a micro-
processing unit (MPU), and a graphics processing unit
(GPU), and performs various types of information process-
ing, control processing, and the like related to the informa-
tion processing apparatus 6 by reading and executing a
program P stored in the storage unit 63.

[0041] The storage unit 63 includes a volatile storage area
such as a static random-access memory (SRAM), a dynamic
random-access memory (DRAM), or a flash memory, and a
nonvolatile storage area such as an EEPROM or a hard disk.
The storage unit 63 stores the program P (program product)
and data to be referred to at the time of processing in
advance. The program P (program product) stored in the
storage unit 63 may be stored as a program P (program
product) that is read from a recording medium 632 readable
by the information processing apparatus 6. In addition, the
program P (program product) may be downloaded from an
external computer (not illustrated) connected to a commu-
nication network (not illustrated) and stored in the storage
unit 63. The storage unit 63 stores entity files (instance files
of'a neural network (NN)) constituting a plurality of learning
models (91, 92) according to a second embodiment, etc. to
be described later. These entity files may be configured as
one part of the program P (program product).

[0042] The communication unit 61 is a communication
module or a communication interface for wired or wirelessly
communicating with the endoscope apparatus 10, and is, for
example, a narrow-area wireless communication module
such as Wi-Fi (registered trademark) or (registered trade-
mark), or a wide-area wireless communication module such
as 4G or LTE. The communication unit 61 may communi-
cate with a CT apparatus, an MRI apparatus (see FIG. 8), an
ultrasonic diagnosis apparatus, or a storage device (not
illustrated) that stores data output from these apparatuses.

[0043] The input/output I/F 64 is a communication inter-
face that conforms, for example, to a communication stan-
dard such as USB or DSUB, and is for serially communi-
cating with an external apparatus connected to the input/
output I/F 64. For example, a display unit 7 such as a display,
and an input unit 8 such as a keyboard are connected to the
input/output I/F 64, and the control unit 62 outputs, to the
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display unit 7, a result of information processing performed
based on an execution command or an event input from the
input unit 8.

[0044] FIG. 4 is a side cross-sectional view that schemati-
cally illustrates the slave endoscope 401 or the like. As
described above, the slave endoscope 401 is inserted from
the forceps port 435 provided in the master endoscope 40, is
inserted through (passes through) the forceps port channel
(working channel), and protrudes from the distal tip portion
443 of the master endoscope 40. The master endoscope 40
is, for example, a duodenoscope, and corresponds to a
master scope, while the slave endoscope 401 is, for example,
a biliary tract endoscope, and corresponds to a slave scope.
The insertion portion 44 (flexible tube) of the master endo-
scope 40 is provided with, for example, a master endoscope
measurement unit 400 configured by a roller encoder or the
like, and measures an S coordinate, which is a distance at
which the master endoscope 40 is inserted into the body.
[0045] The master endoscope measurement unit 400
includes, for example, a temperature sensor, an optical
sensor, a pressure sensor, a wetness sensor (electrode), and
a humidity sensor. When the sensor is, for example, an
optical sensor, the optical sensor is disposed inside the
insertion portion 44 (flexible tube), however the optical
sensor can also receive light even when the insertion portion
44 (flexible tube) is inserted into the body. Therefore, it is
possible to determine that a section at which the optical
sensor receives more light is outside the body, while a
section at which the optical sensor receives less light is
inside the body. Also, the control unit 21 of the processor 20
for an endoscope can derive the S coordinate (S coordinate
of the master endoscope 40), which is the distance (length)
at which the insertion portion 44 (flexible tube) is inserted
into the body, by specifying the optical sensor located at a
boundary position, which is a body cavity insertion site,
based on a signal obtained by the optical sensor.

[0046] When the master endoscope 40 is an upper endo-
scope, the master endoscope measurement unit 400 is
attached connected to the insertion portion 44 (flexible
tube), and the S coordinate, which is the distance at which
the master endoscope 40 is inserted into the body, can be
acquired using the roller encoder of the master endoscope
measurement unit 400, which only rotates along the distance
at which the insertion portion 44 (flexible tube) is inserted
into the body. A mouthpiece or the like (roller encoder)
constituting the master endoscope measurement unit 400
rotates with the forward and backward movement of the
insertion portion 44 (flexible tube), and can measure a length
between the distal tip portion 443 of the master endoscope
40 inserted into the body and, for example, an opening
portion joining with a cavity, such as a mouth or a nose, that
is, the insertion distance of the insertion portion 44 (flexible
tube). The roller encoder is electrically connected to the
processor 20 for an endoscope, and transmits the measured
distance to the processor 20 for an endoscope. In addition,
an optical encoder or a magnetic encoder may be used
instead of the roller encoder.

[0047] When the master endoscope 40 is a lower endo-
scope, an insertion distance of the endoscope can be mea-
sured by attaching the master endoscope measurement unit
400 corresponding to the mouthpiece to an anal portion.
When the master endoscope measurement unit 400 (auxil-
iary device) that measures the insertion distance of the
master endoscope 40 is attached to the body cavity insertion
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site, which is an entry point of the subject, it is possible to
acquire the S coordinate, which is the distance at which the
master endoscope 40 is inserted into the body, by measuring
a passing distance of the master endoscope 40. The auxiliary
device may, for example, measure a distance by a scale of a
magnetic field such as a linear scale attached to the insertion
portion (flexible tube) 44 and a linear head attached to the
mouthpiece, or may be the mouthpiece of the master endo-
scope 40 to which a roller is attached. Note that when the
master endoscope 40 is inserted into a nose, an anus, or the
like, a master endoscope measurement unit 400 (auxiliary
device) to which a roller similar to the mouthpiece is
attached may be used. A chip in which an insertion distance
is recorded at fixed intervals may be incorporated in the
insertion portion (flexible tube) 44 of the endoscope 40. The
processor 20 for an endoscope can acquire the S coordinate,
which is the distance at which the master endoscope 40 is
inserted into the body, from S coordinate information
recorded in the chip and obtained by the mouthpiece or the
like.

[0048] A slave endoscope measurement unit 402 config-
ured by, for example, a roller encoder, a magnetic linear
encoder, or an optical linear encoder is provided in the
vicinity of the forceps port 435 into which the slave endo-
scope 401 is inserted, in the same way as the master
endoscope measurement unit 400. A detection unit 403
(slave endoscope detection unit) that detects the slave endo-
scope 401 is provided at the distal tip portion 443 of the
master endoscope 40, that is, an end portion of the forceps
port channel (working channel) through which the slave
endoscope 401 is inserted. The detection unit 403 is con-
figured by, for example, a non-contact sensor such as an
optical sensor, a contact sensor, or a contact switch, and
outputs whether the slave endoscope 401 is present or absent
in a sensing range of the optical sensor as a detection result.
The detection unit 403 corresponds to an insertion start
detection means that detects that insertion of the slave
endoscope 401 into the body from the end portion of the
forceps port channel (working channel) has started.

[0049] When the distal tip of the slave endoscope 401
protrudes from the distal tip portion 443 of the master
endoscope 40, the detection unit 403 outputs a detection
result indicating that the slave endoscope 401 is present.
When the distal tip of the slave endoscope 401 does not
protrude from the distal tip portion 443 of the master
endoscope 40, the detection unit 403 outputs a detection
result indicating that the slave endoscope 401 is absent.
When the distal tip of the slave endoscope 401 does not
protrude from the distal tip portion 443 of the master
endoscope 40, the detection unit 403 may be set to not output
any signal or the like.

[0050] As described above, an S coordinate (SP), which is
the distance at which the master endoscope 40 is inserted
into the body, is output as the measurement result by the
master endoscope measurement unit 400. When the detec-
tion unit 403 outputs the detection result indicating that the
slave endoscope 401 is present, the slave endoscope mea-
surement unit 402 outputs the distance at which the slave
endoscope 401 is inserted from a point in time when the
detection result is output as a protrusion distance (SC). That
is, the protrusion distance (SC) indicates a length of the
slave endoscope 401 protruding from the distal tip portion
443 of the master endoscope 40.
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[0051] The S coordinate (S), which is the distance at
which the slave endoscope 401 is inserted into the body, is
calculated by adding the protrusion distance (SC) at which
the slave endoscope 401 is inserted into the body from the
point in time when the detection result (the slave endoscope
401 is present) detected by the detection unit 403 is output,
to the S coordinate (SP), which is the distance at which the
master endoscope 40 is inserted into the body (the S coor-
dinate of the slave endoscope 401=the S coordinate [SP] of
the master endoscope 40+the protrusion distance [SC] of the
slave endoscope 401). The S coordinate of the slave endo-
scope 401 is calculated by the control unit 62 of the
information processing apparatus 6 or the control unit 21 of
the processor 20 for an endoscope based on the S coordinate
of the master endoscope 40 and the protrusion distance of
the slave endoscope 401.

[0052] FIG. 5 is a flowchart that illustrates one example of
aprocessing procedure executed by the control unit 21 of the
processor 20 for an endoscope. The control unit 21 of the
processor 20 for an endoscope starts processing of the
flowchart based on, for example, contents input from the
keyboard 15 connected to a local device.

[0053] The control unit 21 of the processor 20 for an
endoscope determines whether or not a detection result has
been output from the detection unit 403 (S101). The control
unit 21 of the processor 20 for an endoscope determines
from the detection unit 403 whether or not a detection result
indicating that the slave endoscope 401 has protruded from
the distal tip portion 443 of the master endoscope 40 has
been output. That is, when the control unit 21 of the
processor 20 for an endoscope acquires a detection result
from the detection unit 403, the control unit 21 determines
that the slave endoscope 401 has protruded from the distal
tip portion 443 of the master endoscope 40, and when the
control unit 21 does not acquire a detection result from the
detection unit 403, the control unit 21 determines that the
slave endoscope 401 has not protruded from the distal tip
portion 443 of the master endoscope 40. When a detection
result has not been output from the detection unit 403 (S101:
NO), the control unit 21 of the processor 20 for an endo-
scope performs loop processing to execute the process of
S101 again.

[0054] When a detection result has been output from the
detection unit 403 (S101: YES), the control unit 21 of the
processor 20 for an endoscope acquires the master endo-
scope image and the slave endoscope image (S102). When
the detection result has been output from the detection unit
403, at the point in time when the detection result is output,
the distal tip of the slave endoscope 401 is positioned at the
distal tip portion 443 of the master endoscope 40, and a field
of' view of the master endoscope 40 and a field of view of the
slave endoscope 401 coincide with each other. That is, both
viewpoint positions of the master endoscope 40 and the
slave endoscope 401 are the distal tip portion 443 of the
master endoscope 40, and the line-of-sight directions of the
master endoscope 40 and the slave endoscope 401 also
coincide with each other. From the viewpoint of a viewing
angle, that is, an imaging range, the viewing angle of the
master endoscope 40 is larger (wider) than the viewing angle
of the slave endoscope 401. Consequently, at the point in
time when the detection result is output, that is, at the point
in time (state) when the distal tip of the slave endoscope 401
is positioned at the distal tip portion 443 of the master
endoscope 40, the slave endoscope image of the slave
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endoscope 401 indicates the same internal body site as a
central portion region of the master-slave endoscope image
of the master endoscope 40.

[0055] The control unit 21 of the processor 20 for an
endoscope derives correction amounts for correcting the
color tone based on the central portion of the master endo-
scope image and the slave endoscope image that have been
acquired (S103). Since the central portion of the master
endoscope image and the slave endoscope image acquired at
the point in time when the detection result is output indicate
the same internal body site, the central portion of the master
endoscope image and the slave endoscope image have
essentially the same color tone, that is, the same hue,
luminosity, and saturation. However, due to a difference in
camera characteristics or AD conversion characteristics
between the master endoscope 40 and the slave endoscope
401, a difference in color tone occurs between each of the
respective captured endoscope images (master endoscope
image, slave endoscope image) despite the endoscope
images being the same internal body site (imaged subject).

[0056] The control unit 21 of the processor 20 for an
endoscope compares, for example, each respective pixel in
the central portion region of the master endoscope image
with each respective pixel of the slave endoscope image, and
derives the difference values of the RGB components (inten-
sity) of each pixel. When only the color tone of the slave
endoscope image is corrected with reference to the color
tone of the master endoscope image (one-way correction to
the master side), the control unit 21 of the processor 20 for
an endoscope subtracts the respective RGB values (intensi-
ties) of the slave endoscope image corresponding to the
pixels from the respective RGB values (intensities) of the
pixels in the central portion region of the master endoscope
image. The control unit 21 of the processor 20 for an
endoscope derives the difference values for the respective
RGB values (intensities) of each pixel calculated by sub-
traction as the correction amounts for color tone correction.
The correction amounts may be defined as a data set or a
vector consisting of the respective correction values (differ-
ence values) for RGB. The respective RGB values (inten-
sities) are, for example, indicated in 256 stages from O to
255, and in this case, the correction amounts are, at a
maximum, defined in a range of +255 inclusive.

[0057] The control unit 21 of the processor 20 for an
endoscope may specify a plurality of pixels in the image
coordinate system of the master endoscope image by select-
ing the plurality of pixels in the image coordinate system of
the slave endoscope image and converting the coordinates of
the plurality of pixels (the image coordinate system of the
slave endoscope image) into the image coordinate system of
the master endoscope image when specifying the respective
corresponding pixels of the master endoscope image (central
portion) and the slave endoscope image. The control unit 21
of the processor 20 for an endoscope may extract a region of
the coinciding internal body sites in the central portion of the
master endoscope image and the slave endoscope image by,
for example, edge detection, and derive a conversion coef-
ficient for the coordinate system conversion based on the
coordinate values of the respective image coordinate sys-
tems of the master endoscope image and the slave endo-
scope image specified by a peripheral line around the region.
Correction amounts may be derived in units of each pixel in
the slave endoscope image, and the derived correction
amounts may be respectively applied (added) to individual
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pixels to correct the color tone of the slave endoscope image.
By doing so, the RGB components (intensities) and RGB
ratios of the pixels in the slave endoscope image and the
master endoscope image can be made equal, and the differ-
ence in color tone between the master endoscope image and
the slave endoscope image can be reduced to approximate
tints.

[0058] The control unit 21 of the processor 20 for an
endoscope may correct the color tone of the slave endoscope
image by deriving the correction amounts based on, for
example, average difference values obtained by averaging
the respective difference values between a plurality of
corresponding pixels in the slave endoscope image and the
master endoscope image and uniformly correcting (convert-
ing the pixel values of) all the pixels in the slave endoscope
image by the correction amounts. Alternatively, in the cen-
tral portion of the master endoscope image and the slave
endoscope image, the component amounts of hue, luminos-
ity, or saturation across the entire image may be calculated,
and the correction amounts may be derived based on the
difference values of these component amounts.

[0059] The control unit 21 of the processor 20 for an
endoscope stores the derived correction amounts in the main
storage device 22 or the like. After the present processing,
the correction amounts stored in the main storage device 22
or the like are used as the correction amounts (correction
parameters) of the color tone correction on the slave endo-
scope image that has been acquired. That is, deriving the
correction amounts in the present processing corresponds to
calibration for performing the color tone correction on the
slave endoscope image. The control unit 21 of the processor
20 for an endoscope may acquire information related to the
type, model, or specification of the connected master endo-
scope 40 and slave endoscope 401, and may, for example,
acquire and apply calibration data (correction amounts)
stored in advance in the main storage device 22 based on this
information. That is, in the main storage device 22 of the
processor 20 for an endoscope, the calibration data (correc-
tion amounts) corresponding to each of a plurality of types
(models or the like) of the slave endoscope 401 may, for
example, be stored (registered) in advance at the time of
manufacture, while the control unit 21 of the processor 20
for an endoscope may acquire and apply the corresponding
calibration data (correction amounts) in accordance with the
connected slave endoscope 401 or in accordance with the
combination of the connected slave endoscope 401 and
master endoscope 40.

[0060] The control unit 21 of the processor 20 for an
endoscope corrects the color tone of the slave endoscope
image or the like based on the derived correction amounts
(S104). For example, the control unit 21 of the processor 20
for an endoscope adds the correction amounts to each pixel
of the slave endoscope image to convert the pixel value
(RGB intensity) of each pixel, thereby correcting the color
tone of the slave endoscope image. When correcting the
color tone, the control unit 21 of the processor 20 for an
endoscope may change the correction parameters used for
various types of image processing such as gamma correc-
tion, white balance correction, and shading correction at the
time of generating (converting) the endoscope images from
the imaged images (raw images) based on the derived
correction amounts, and may perform the color tone correc-
tion together with processing steps such as the gamma
correction.
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[0061] In the present embodiment, the color tone of the
slave endoscope image has been set as being corrected based
on the derived correction amounts, however the present
invention is not limited hereto. The control unit 21 of the
processor 20 for an endoscope may derive correction
amounts for correcting the color tone of the master endo-
scope image, and may correct only the color tone of the
master endoscope image with reference to the color tone of
the slave endoscope image (one-way correction to the slave
side). Alternatively, the control unit 21 of the processor 20
for an endoscope may derive the respective correction
amounts for correcting the color tone of the master endo-
scope image and the slave endoscope image, and correct the
color tones of both the master endoscope image and the
slave endoscope image (two-way correction).

[0062] The control unit 21 of the processor 20 for an
endoscope outputs the master endoscope image and the
color tone-corrected slave endoscope image (S105). The
control unit 21 of the processor 20 for an endoscope outputs
the master endoscope image, and the slave endoscope image
in which the difference in color tone from the master
endoscope image has been reduced by the color tone cor-
rection to, for example, the display device 50, or the display
unit 7 via the information processing apparatus 6, and
displays the master endoscope image and the slave endo-
scope image subjected to processing related to the color tone
correction on the display device 50 or the like. Needless to
say, when the color tone of the master endoscope image is
corrected as described above, the control unit 21 of the
processor 20 for an endoscope outputs the color tone-
corrected master endoscope image. It is possible to provide
useful medical information to a doctor or the like by
outputting the master endoscope image and the slave endo-
scope image in which the processing related to color tone
correction are performed in this way and the difference in
color tone is reduced, and displaying on the display unit 7.
When displaying the master endoscope image and the slave
endoscope image in which the difference in color tone is
reduced on the display device 50 or the display unit 7, the
control unit 21 of the processor 20 for an endoscope may be
caused to display the color tone-corrected slave endoscope
image and the slave endoscope image prior to color tone
correction in a switchable manner.

[0063] The control unit 21 of the processor 20 for an
endoscope acquires the master endoscope image and the
slave endoscope image (S106). After executing S106, the
control unit 21 of the processor 20 for an endoscope per-
forms loop processing to perform the processing from S104
again. By doing so, it is possible to continue the color tone
correction using the correction amounts even on a slave
endoscope image or the like acquired after the correction
amounts have been derived, then reduce the difference in
color tone between the master endoscope image and the
slave endoscope image and output (display) the master
endoscope image and the slave endoscope image.

[0064] In the present embodiment, the control unit 21 of
the processor 20 for an endoscope has been set to perform
a series of processes, however the present invention is not
limited hereto. The control unit 21 of the processor 20 for an
endoscope may perform, for example, inter-process com-
munication with the control unit 62 of the information
processing apparatus 6 to perform a series of processes in
cooperation or in a shared manner. Alternatively, the control
unit 21 of the processor 20 for an endoscope may generate
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endoscope images (master endoscope image and slave endo-
scope image) obtained by only performing various types of
image processing such as shading correction on each of the
master captured image (raw image) imaged by the master
endoscope 40 and the master captured image (raw image)
imaged by the master endoscope 40. On doing so, the control
unit 62 of the information processing apparatus 6 may
perform a series of processes related to the color tone
correction on the master endoscope image and the slave
endoscope image generated by the control unit 21 of the
processor 20 for an endoscope.

[0065] According to the present embodiment, etc., it is
possible to provide endoscope images (master endoscope
image and slave endoscope image) having improved vis-
ibility to an operator of an endoscope apparatus such as a
doctor or the like by reducing the difference in color tone
between the master endoscope image and the slave endo-
scope image and bringing the tints of both images close to
each other. By providing the doctor or the like with the
master endoscope image and the slave endoscope image that
have been corrected so that the difference in color tone is
reduced in this way, it is expected that discomfort or
difficulty in diagnosis by the doctor or the like is alleviated.
[0066] According to the present embodiment, etc., at the
point in time when the slave endoscope 401 protrudes from
the distal tip portion 443 of the master endoscope 40, that is,
at the point in time when the distal tip of the slave endoscope
401 is positioned at the distal tip portion 443 of the master
endoscope 40, the master endoscope 40 and the slave
endoscope 401 are in the same viewing direction. With
respect to the viewing angle, that is, the imaging range, the
imaging range of the master endoscope 40 is wider than the
imaging range of the slave endoscope 401. In this case, the
internal body site included in the slave endoscope image
corresponds to (coincides with) the internal body site posi-
tioned in the central portion region of the master endoscope
image. Consequently, by correcting the color tone in the
master endoscope image and the slave endoscope image that
have been acquired (imaged) at the point in time when the
distal tip of the slave endoscope 401 is positioned at the
distal tip portion 443 of the master endoscope 40 (at the
point in time when the detection result is output) so as to
reduce the difference between the color tone of a central part
of the master endoscope image and the color tone of the
slave endoscope image, the color tones (tints) of the master
endoscope image and the slave endoscope image can be
efficiently matched (approximated).

Second Embodiment

[0067] FIG. 6 is a functional block diagram that exempli-
fies functional units included in the control unit 62 of the
information processing apparatus 6 according to the second
embodiment (reference region model 91). By executing the
program P (program product) stored in the storage unit 63,
the control unit 62 of the information processing apparatus
6 functions as an acquisition unit 621, a correction amount
deriving unit 622, a color tone correction unit 623, and an
output unit 624. In addition, by executing the program P
stored in the storage unit 63 or reading an entity file
constituting the reference region model 91, the control unit
62 functions as the reference region model 91 (first learning
model).

[0068] The acquisition unit 621 acquires the master endo-
scope image and the slave endoscope image output by the
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processor 20 for an endoscope, and the detection result
output by a detection unit. The acquisition unit 621 inputs
the master endoscope image and the slave endoscope image
that have been acquired to the reference region model 91.

[0069] FIG. 7 is an explanatory diagram that explains a
process of outputting respective regions serving as refer-
ences for color tone correction using the reference region
model 91. The information processing apparatus 6 config-
ures (generates) a neural network (reference region model
91), which is set to input the master endoscope image and
the slave endoscope image and output information on the
regions serving as references for color tone correction by
learning based on training data in which the master endo-
scope image and the slave endoscope image are set as
inquiry data and the regions serving as references for color
tone correction in both these images are set as answer data.
The master endoscope image and the slave endoscope image
included in the answer data and indicating the regions
serving as references for color tone correction can be
acquired (prepared) by, for example, marking (annotating)
regions having the same color tone based on the findings of
a doctor or the like in the master endoscope images and the
slave endoscope images stored in a large amount at a
medical institution. It is assumed that the reference region
model 91 learned using the training data is used as a program
module, which is one part of an artificial intelligence soft-
ware.

[0070] The reference region model 91 is configured by, for
example, a neural network (segmentation NN) such as
YOLO or R-CNN that performs region detection, semantic
segmentation, or instance segmentation. An input layer has
a plurality of neurons that receives input of the pixel values
of the master endoscope image and the slave endoscope
image, and transfers the input pixel values to an intermediate
layer. The intermediate layer has a plurality of neurons that
extracts image feature amounts of the master endoscope
image and the slave endoscope image, and transfers the
extracted image feature amounts of both individual images
to an output layer. The output layer has one or a plurality of
neurons that output each respective region in which the
difference in color tone is equal to or less than a predeter-
mined value in the extracted image feature amounts of both
individual images, and outputs information related to the
regions in which the difference in color tone is equal to or
less than the predetermined value based on the image feature
amounts of both individual images output from the inter-
mediate layer. The reference region model 91 has been set as
a segmentation NN, however it is not limited hereto, and
may be a trained model having a configuration such as a
fully convolution network (FCN) like U-Net, SegNet, SSD,
SPPnet, a support vector machine (SVM), a Bayesian net-
work, or a regression tree.

[0071] When the master endoscope image and the slave
endoscope image are input, the reference region model 91 is
trained to output respective regions serving as references for
the color tone correction of the respective internal body sites
included in the master endoscope image and the slave
endoscope image. The respective regions serving as refer-
ences for the color tone correction output by the reference
region model 91 are the regions of the internal body site in
the master endoscope image and the slave endoscope image
in which these actual color tones in the internal body sites
are estimated to be the same (tints are the same). Note that
“the same actual color tone (tints are the same)” is not
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limited to a case of being completely the same, and may
include cases where a difference amount is at an extent that
is permitted when color tone correction is performed on the
master endoscope image and the slave endoscope image.
When regions (reference regions) of the internal body sites
having the same actual color tone are present (included) in
the master endoscope image and the slave endoscope image
that have been input, the reference region model 91 outputs
label images indicating the regions in each of the master
endoscope image and the slave endoscope image. In the
present embodiment, a single reference region model 91 has
been set to output the label images indicating the reference
regions in each of the master endoscope image and the slave
endoscope image, however the present invention is not
limited hereto. When the master endoscope image and the
slave endoscope image are input, the reference region model
91 may include two reference region models 91, that is, a
reference region model 91 for the master endoscope image
that outputs the label images indicating the reference regions
in the master endoscope image, and a reference region
model 91 for the slave endoscope image that outputs the
label images indicating the reference regions in the slave
endoscope image.

[0072] The correction amount deriving unit 622 acquires
the master endoscope image and the slave endoscope image
in which the reference regions have been labeled from the
reference region model 91. The correction amount deriving
unit 622 specifies each pixel included in the labeled refer-
ence regions in the master endoscope image and the slave
endoscope image, derives the difference values of the RGB
components (intensities) between a pixel of the master
endoscope image and a pixel of the slave endoscope image
that have been specified, then derives the correction amounts
based on the difference values in the same way as the first
embodiment.

[0073] The color tone correction unit 623 corrects the
color tone of the slave endoscope image by using the
correction amount derived by the correction amount deriv-
ing unit 622 to convert the pixel value (RGB intensity) of
each pixel of the slave endoscope image in the same way as
the first embodiment. Deriving the correction amounts and
color tone correction using the correction amounts, which
are respectively performed by the correction amount deriv-
ing unit 622 and the color tone correction unit 623, are not
limited to application only to the slave endoscope image
(one-way correction to the master side) in the same way as
the first embodiment, but may be applied to the master
endoscope image (one-way correction to the slave side) or
applied to the master endoscope image and the endoscope
image (two-way correction).

[0074] Inthe same way as the first embodiment, the output
unit 624 outputs the master endoscope image and the slave
endoscope image subjected to processing related to this
color tone correction to, for example, the display unit 7.
[0075] FIG. 8 is a flowchart that illustrates one example of
a processing procedure performed by the control unit 62 of
the information processing apparatus 6. The control unit 62
of the information processing apparatus 6 starts processing
of the flowchart based on, for example, contents input from
the input unit 8 connected to the local device.

[0076] The control unit 21 of the processor 20 for an
endoscope determines whether or not a detection result has
been output from the detection unit 403 (S201). The control
unit 21 of the processor 20 for an endoscope acquires the
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master endoscope image and the slave endoscope image
(S202). The control unit 21 of the processor 20 for an
endoscope derives the correction amounts for correcting the
color tone based on the central portion of the master endo-
scope image and the slave endoscope image that have been
acquired (S203). The control unit 21 of the processor 20 for
an endoscope corrects the color tone of the slave endoscope
image or the like based on the derived correction amounts
(S204). The control unit 21 of the processor 20 for an
endoscope outputs the master endoscope image and the
color tone-corrected slave endoscope image (S205). The
control unit 21 of the processor 20 for an endoscope acquires
the master endoscope image and the slave endoscope image
(S206). The control unit 21 of the processor 20 for an
endoscope performs the processes from S201 to S206 in the
same way as S101 to S106 of the first embodiment.

[0077] The control unit 21 of the processor 20 for an
endoscope inputs the master endoscope image and the slave
endoscope image that have been acquired to the reference
region model 91 (S207). When regions (reference regions)
of the internal body sites having the same actual color tone
are present (included) in the master endoscope image and
the slave endoscope image that have been input, the refer-
ence region model 91, for example, outputs label images
indicating the reference regions or information related to the
pixels included in the reference regions to each of the master
endoscope image and the slave endoscope image. When
regions (reference regions) of the internal body sites having
the same actual color tone are not present (not included) in
the master endoscope image and the slave endoscope image
that have been input, the reference region model 91 does not
output information related to the reference regions.

[0078] The control unit 21 of the processor 20 for an
endoscope determines whether or not reference regions are
present in the master endoscope image and the slave endo-
scope image that have been acquired (S208). The control
unit 21 of the processor 20 for an endoscope determines
whether or not reference regions are present based on a
result output from the reference region model 91. When the
information related to the reference regions is acquired from
the reference region model 91, the control unit 21 of the
processor 20 for an endoscope determines that reference
regions are present. When the information related to the
reference regions is not acquired from the reference region
model 91, the control unit 21 of the processor 20 for an
endoscope determines that reference regions are not present.
When reference regions are not present (S208: NO), the
control unit 21 of the processor 20 for an endoscope per-
forms loop processing to execute the processes from S204
again. In this case, the color tone correction on the slave
endoscope image or the like is performed using the correc-
tion amounts stored in the storage unit 63 at the current time.

[0079] When reference regions are present (S208: YES),
the control unit 21 of the processor 20 for an endoscope
derives the correction amounts for correcting the color tone
based on the respective reference regions included in each of
the master endoscope image and the slave endoscope image
(S209). The control unit 21 of the processor 20 for an
endoscope derives the correction amounts based on the
reference regions by comparing the pixels included in the
respective reference regions of the master endoscope image
and the slave endoscope image in the same way as the first
embodiment. By storing the derived correction amounts in
the storage unit 63, the control unit 21 of the processor 20
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for an endoscope updates the correction amounts used for
the previous color tone correction with the correction
amounts derived this time. After executing the processing of
S209, the control unit 21 of the processor 20 for an endo-
scope performs loop processing to execute the processing
from S204 again. By doing so, subsequent color tone
correction is performed using the correction amounts
derived (updated) this time.

[0080] In the present embodiment, etc., a series of pro-
cesses have been described by dividing the processes into
those implemented by the control unit 21 of the processor 20
for an endoscope and those implemented by the control unit
62 of the information processing apparatus 6, however the
division of this processing is one example, and the present
invention is not limited hereto. In the same way as the first
embodiment, the control unit 21 of the processor 20 for an
endoscope may function as all the functional units imple-
mented by the control unit 62 of the information processing
apparatus 6, including the reference region model 91. Alter-
natively, the control unit 21 of the processor 20 for an
endoscope and the control unit 62 of the information pro-
cessing apparatus 6 may function in cooperation as each
functional unit in the series of processes by performing, for
example, inter-process communication.

[0081] According to the present embodiment, etc., even
when the field of view of the master endoscope image (the
internal body site included in the master endoscope image)
and the field of view of the slave endoscope image (the
internal body site included in the slave endoscope image) are
different from each other, it is also possible to correct the
color tones of the master endoscope image and the slave
endoscope image in accordance with the respective regions
serving as references of the color tone correction output by
the reference region model 91.

Third Embodiment

[0082] FIG. 9 is a functional block diagram that exempli-
fies the functional units included in the control unit 62 of the
information processing apparatus 6 according to a third
embodiment (color tone correction model 92). The control
unit 62 of the information processing apparatus 6 functions
as the acquisition unit 621 and the output unit 624 by
executing the program P (program product) stored in the
storage unit 63. In addition, the control unit 62 functions as
the color tone correction model 92 by executing the program
P stored in the storage unit 63 or by reading an entity file
constituting the color tone correction model 92 (second
learning model).

[0083] In the same way as the second embodiment, the
acquisition unit 621 acquires the master endoscope image
and the slave endoscope image output by the processor 20
for an endoscope, and the detection result output by the
detection unit. The acquisition unit 621 inputs the master
endoscope image and the slave endoscope image that have
been acquired to the color tone correction model 92.
[0084] FIG. 10 is an explanatory diagram that explains a
process of outputting the master endoscope image and the
slave endoscope image for which the color tone has been
corrected using the color tone correction model 92. The
information processing apparatus 6 configures (generates) a
neural network (color tone correction model 92), which is
set to input the master endoscope image and the slave
endoscope image and output the slave endoscope image in
which a difference in color tone from the master endoscope
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image is reduced, by learning based on training data in
which the master endoscope image and the slave endoscope
image are set as inquiry data and the color tone-corrected
slave endoscope image is set as answer data. The color
tone-corrected slave endoscope image included in the
answer data can be obtained (prepared) by using, for
example, a slave endoscope image whose color tone has
been corrected by the first embodiment. It is assumed that
the color tone correction model 92 learned using the training
data is used as a program module, which is one part of an
artificial intelligence software.

[0085] The color tone correction model 92 is configured
by, for example, a CNN autoencoder having a style conver-
sion function. When the master endoscope image and the
slave endoscope image are input and the color tone of the
slave endoscope image is corrected, the master endoscope
image corresponds to a reference image, while the slave
endoscope image corresponds to a target image. The color
tone correction model 92 is provided with an input layer, an
intermediate layer, and an output layer in the same way as
the reference region model 91 of the first embodiment. An
input layer has a plurality of neurons that receives input of
the pixel values of the master endoscope image and the slave
endoscope image, and transfers the input pixel values to an
intermediate layer. The intermediate layer extracts and
dimensionally compresses (encodes) the image feature
amounts of the slave endoscope image, which is the target
image, and transfers the image feature amounts to the output
layer together with the image feature amounts of the master
endoscope image, which is the reference image. By factor-
ing in the image feature amounts of the master endoscope
image and decoding the feature amounts of the slave endo-
scope image subjected to dimension compression (encod-
ing), the output layer outputs the slave endoscope image in
which the difference in color tone from the master endo-
scope image is reduced. The color tone correction model 92
has been set as a CNN autoencoder, however it is not limited
hereto, and may be a trained model having a configuration
such as a GAN, an LSTM, or an RNN.

[0086] When the master endoscope image and the slave
endoscope image are input, the color tone correction model
92 is trained to output the slave endoscope image in which
the difference in color tone from the master endoscope
image is reduced. Consequently, by using the color tone
correction model 92, it is possible to acquire the slave
endoscope image for which the color tone has been cor-
rected so as to reduce the difference in color tone from the
master endoscope image. In the present embodiment, the
color tone correction model 92 has been set to output the
slave endoscope image in which the difference in color tone
from the master endoscope image is reduced, however it is
not limited hereto, and may output the master endoscope
image in which the difference in color tone from the slave
endoscope image is reduced. Alternatively, when the master
endoscope image and the slave endoscope image are input,
the color tone correction model 92 may output the master
endoscope image and the slave endoscope image in which
the difference in color tone between both images is reduced.
[0087] The output unit 624 outputs the master endoscope
image and the slave endoscope image on which the process-
ing related to the color tone correction has been performed
using the color tone correction model 92 to, for example, the
display unit 7 in the same way as the first or second
embodiment, etc.
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[0088] FIG. 11 is a flowchart that illustrates one example
of a processing procedure performed by the control unit 62
of the information processing apparatus 6. The control unit
62 of the information processing apparatus 6 starts process-
ing of the flowchart based on, for example, contents input
from the input unit 8 connected to the local device.

[0089] The control unit 21 of the processor 20 for an
endoscope acquires the master endoscope image and the
slave endoscope image (S301). The control unit 21 of the
processor 20 for an endoscope performs the processing of
S301 in the same way as S202 of the second embodiment.
[0090] The control unit 21 of the processor 20 for an
endoscope inputs the master endoscope image and the slave
endoscope image that have been acquired to the color tone
correction model 92 (S302). When the master endoscope
image and the slave endoscope image are input, the color
tone correction model 92 outputs the slave endoscope image
in which the difference in color tone from the master
endoscope image is reduced. By using the color tone cor-
rection model 92, the control unit 21 of the processor 20 for
an endoscope can acquire the slave endoscope image for
which the color tone has been corrected so as to reduce the
difference in color tone from the master endoscope image.
[0091] The control unit 21 of the processor 20 for an
endoscope outputs the master endoscope image and the
color tone-corrected slave endoscope image (S303). The
control unit 21 of the processor 20 for an endoscope outputs
the master endoscope image, and the slave endoscope image
for which the color tone has been corrected so as to reduce
the difference in color tone from the master endoscope
image, to the display unit 7. As described above, when the
color tone correction model 92 is trained to output the master
endoscope image for which the color tone has been cor-
rected so as to reduce the difference in color tone from the
slave endoscope image, the control unit 21 of the processor
20 for an endoscope may output the color tone-corrected
master endoscope image, or the color tone-corrected master
endoscope image and the slave endoscope image to the
display unit 7. In this way, the control unit 21 of the
processor 20 for an endoscope outputs the master endoscope
image and the slave endoscope image on which the process-
ing related to the color tone correction model 92 has been
performed and the difference in color tone is reduced to the
display unit 7.

[0092] In the present embodiment, etc., a series of pro-
cesses have been described by dividing the processes into
those implemented by the control unit 21 of the processor 20
for an endoscope and those implemented by the control unit
62 of the information processing apparatus 6, however the
division of this processing is one example, and the present
invention is not limited hereto. In the same way as the first
embodiment, the control unit 21 of the processor 20 for an
endoscope may function as all the functional units imple-
mented by the control unit 62 of the information processing
apparatus 6, including the color tone correction model 92.
Alternatively, the control unit 21 of the processor 20 for an
endoscope and the control unit 62 of the information pro-
cessing apparatus 6 may function in cooperation as each
functional unit in the series of processes by performing, for
example, inter-process communication.

[0093] According to the present embodiment, etc., by
using the color tone correction model 92, it is possible to
acquire the master endoscope image and the slave endo-
scope image having a smaller difference in color tone than
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the difference in color tone between the master endoscope
image and the slave endoscope image input to the color tone
correction model 92. By doing so, it is possible to efficiently
perform the color tone correction on the master endoscope
image and the slave endoscope image.

Fourth Embodiment

[0094] FIG. 12 is a block diagram that illustrates a con-
figuration example of the endoscope system according to a
fourth embodiment (processor 201 for a master endoscope,
processor 202 for a slave endoscope). The processor 20 for
an endoscope of the fourth embodiment includes the pro-
cessor 201 for a master endoscope connected to the master
endoscope 40 and the processor 202 for a slave endoscope
connected to the slave endoscope 401.

[0095] The processor 201 for a master endoscope and the
processor 202 for a slave endoscope are provided with
hardware functional units for converting captured images
(master captured image and slave captured image) to endo-
scope images (master endoscope image, slave endoscope
image), such as the control unit 21 (master control unit, slave
control unit) and the main storage device 22, in the same
way as the first embodiment.

[0096] The processor 202 for a slave endoscope converts
the slave captured image transmitted from the slave endo-
scope 401 via the slave endoscope universal cord 491 to a
slave endoscope image and outputs the slave endoscope
image to the processor 201 for a master endoscope.

[0097] The processor 201 for a master endoscope converts
the master captured image transmitted from the master
endoscope 40 via the master endoscope universal cord 49 to
a master endoscope image. Further, the processor 201 for a
master endoscope performs the color tone correction on the
slave endoscope image output from the processor 202 for a
slave endoscope in the same way as the first embodiment,
etc. to reduce the difference in color tone between the master
endoscope image and the slave endoscope image. The
processor 201 for a master endoscope outputs the master
endoscope image and the slave endoscope image in which
the difference in color tone is reduced by the color tone
correction to, for example, the display device.

[0098] According to the present embodiment, since the
processes related to the color tone correction are performed
by the processor 201 for a master endoscope, it is possible
to achieve equilibrium in load balance between the proces-
sor 201 for a master endoscope and the processor 202 for a
slave endoscope by biasing the arithmetic processing
amount to the processor 201 for a master endoscope having
a comparatively high processing capability relative to the
processor 202 for a slave endoscope.

[0099] It should be noted that the embodiments disclosed
herein are illustrative in all respects and are not restrictive.
The technical features described in the embodiments can be
combined with each other, and the scope of the present
invention is intended to include all modifications within the
scope of the claims and the scope equivalent to the claims.

REFERENCE SIGNS LIST

[0100] S Endoscope system

[0101] 10 Endoscope apparatus
[0102] 15 Keyboard

[0103] 16 Storage shelf

[0104] 20 Processor for an endoscope
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[0105] 201 Processor for a master endoscope acquiring a slave endoscope image of the subject from the
[0106] 202 Processor for a slave endoscope slave endoscope; and
[0107] 21 Control unit correcting a color tone of at least either one endoscope
[0108] 211 Image processing unit image of the master endoscope image and the slave
[0109] 22 Maip.storage device . endoscope image so as to reduce a difference in color
[0110] 23 Auxiliary storage device tone between the master endoscope image and the slave
[0111] 24 Communication unit endoscope image that have been acquired.
[0112] 25 Touch panel 2. The storage medium according to claim 1, wherein
[0113] 26 Display device I/F the slave endoscope is configured to protrude from a distal
[0114] 27 Input device VF tip portion of the master endoscope, and
[gﬂgl ?1; ]IE{ezdlng unit a color tone of at least either one endoscope image of the
{0117} 11 ]IEIIeOCStEiOCgT ccoonnlllle?ccttoo; master endoscope image and the slave endoscope
. image is corrected based on the master endoscope
[gﬂg] ;;ZLthlcal connector image and the slave endoscope image that are acquired
[0120] 14 PLght source when a detection result indicating that the slave endo-
{0121} 35 W aIE:r; suoly tank scope protrudes from the distal tip portion of the master
01221 36 Air/ PPy I endoscope is output from a detection unit provided at
[ 1 u/water supply port the distal tip portion of the master endoscope.
[0123] 40 Master endoscope . . . .
. 3. The storage medium according to claim 2, wherein
[0124] 400 Master endoscope measurement unit ) fatl ith d . £ th
[0125] 401 Slave endoscope a color tone 0d at least .elt er onedenhoscolpe 1ma§_3(,1e of the
[0126] 402 Slave endoscope measurement unit master _en OSCOP(;: 1mage ag the d.}ave enboscope
[0127] 403 Detection unit 1ma%e 18 corre?e SO aslto re u;e 1? 1fference detween
[0128] 43 Operation unit a color to(ile o 1a centra Iizalrlt o lt e me(lister endoscope
[0129] 431 Control button image and a color tone of t e slave endoscope image.
[0130] 433 Bending knob 4. The storage medium according to claim 1, wherein
[0131] 434 Automatic operation mechanism when a master endoscope image and a slave endoscope
[0132] 435 Forceps port image are input, the master endoscope image and the
[0133] 44 Insertion portion (flexible tube) §1ave endoscope image that haYe been acquired are
[0134] 441 Soft portion input to a first legrmng model trained to output respec-
[0135] 442 Bending section tlve.regl?ns serving as refelrinfies for gololr (;0(1116? cohr-
[0136] 443 Distal tip portion rection o respectlve.lnterna ody sites included 1n the
. . master endoscope image and the slave endoscope
[0137] 444 Imaging unit .
[0138] 445 Image sensor 1mage, . . .
N a region of an internal body site included in the master
[0139] 446 Imaging light source . . . .
. : endoscope image and a region of an internal body site
[0140] 45 Bend preventing portion . . . .
included in the slave endoscope image are acquired
[0141] 48 Scope connector . from the first learning model, and
[0142] 49 Master endoscope universal cord - .
. a color tone of at least either one endoscope image of the
[0143] 491 Slave endoscope universal cord .
01441 50 Disolay devi master endoscope image and the slave endoscope
[ 1 Isplay device image is corrected so as to reduce a difference between
[0145] 6 Information processing apparatus a color tone of the region of the internal body site
[0146] 61 Commumgatlon unit included in the master endoscope image and a color
[0147] 62 Contrql }{mt ] tone of the region of the internal body site included in
[0148] 621 ACqUISIFIOH unit o ) the slave endoscope image.
[0149] 622 Correction amount denVl.ng unit 5. The storage medium according to claim 1, wherein
[0150] 623 Color tone correction unit correction amounts are derived based on difference values
[0151] 624 Output mlt between corresponding pixels of the master endoscope
[0152] 63 Storage unit image and the slave endoscope image that have been
[0153] 632 Recording medium acquired, and
[0154] P Program a color tone of at least either one endoscope image of the
[0155] 64 Input/output I/F master endoscope image and the slave endoscope
[0156] 7 Display unit image is corrected using the correction amounts that
[0157] 8 Input unit have been derived.
[0158] 91 Reference region model (first learning model) 6. The storage medium according to claim 1, wherein
[0159] 92 Color tone correction model (second learning when a master endoscope image and a slave endoscope
model) image are input, color tone correction is performed by

1. A non-transitory computer-readable storage medium

inputting the master endoscope image and the slave

that stores an executable program for causing a computer
communicatively connected to an endoscope apparatus
including a master endoscope and a slave endoscope to
execute processing comprising:
acquiring a master endoscope image of a subject from the
master endoscope;

endoscope image that have been acquired to a second
learning model trained to output a master endoscope
image or a slave endoscope image having a smaller
difference in color tone than a difference in color tone
between the master endoscope image and the slave
endoscope image that have been input.
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7. The storage medium according to claim 1, wherein

the master endoscope image and the slave endoscope

image in which the difference in color tone is reduced
by the color tone correction are output.

8. An information processing method for causing a com-
puter communicatively connected to an endoscope appara-
tus including a master endoscope and a slave endoscope to
execute processing comprising:

acquiring a master endoscope image of a subject from the

master endoscope;

acquiring a slave endoscope image of the subject from the

slave endoscope; and

correcting a color tone of at least either one endoscope

image of the master endoscope image and the slave
endoscope image so as to reduce a difference in color
tone between the master endoscope image and the slave
endoscope image that have been acquired.

9. An endoscope system including an endoscope appara-
tus and control units that process endoscope images of a
subject that is imaged, the endoscope apparatus comprising:

a master endoscope; and

a slave endoscope that protrudes from a distal tip portion

of the master endoscope, wherein

a master endoscope image of the subject is acquired from

the master endoscope,

a slave endoscope image of the subject is acquired from

the slave endoscope, and
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a color tone of at least either one endoscope image of the
master endoscope image and the slave endoscope
image is corrected so as to reduce a difference in color
tone between the master endoscope image and the slave
endoscope image that have been acquired.

10. The endoscope system according to claim 9, compris-
ing a detection unit provided at the distal tip portion of the
master endoscope and which detects the slave endoscope,
wherein

the control units correct a color tone of at least either one
endoscope image of the master endoscope image and
the slave endoscope image based on the master endo-
scope image and the slave endoscope image acquired
when the detection unit detects the slave endoscope.

11. The endoscope system according to claim 9, wherein

the control units include a slave control unit that processes
the slave endoscope image and a master control unit
that processes the master endoscope image, and

the master control unit

acquires the slave endoscope image from the slave control
unit and

corrects a color tone of at least either one endoscope
image of the master endoscope image and the slave
endoscope image so as to reduce a difference in color
tone between the master endoscope image and the slave
endoscope image that have been acquired.
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