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(57) ABSTRACT

An artificial intelligence-based automatic intubation device
according to an exemplary embodiment of the present
invention includes: a body having, at one side, a video
laryngoscope having an image capturing channel having a
predetermined length, the body including a drive unit con-
figured to move an intubation tube; a blade coupled to a
circumference of the image capturing channel in a longitu-
dinal direction of the image capturing channel, the blade
being configured to be inserted into a trachea; and a control
unit configured to control operations of the body and the
blade so that the intubation tube is automatically introduced
into the trachea.
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[FIG. 3]
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[FIG. 5A]
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[FIG. 5B]
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[FIG. 6A]
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{FIG. 6B]
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[FIG. 9A]

[FIG. 9B]
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[FIG. 9C]
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ARTIFICIAL INTELLIGENCE-BASED
AUTOMATIC INTUBATION DEVICE AND
METHOD OF OPERATING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to an automatic intu-
bation device and a method of operating the same, and more
particularly, to an artificial intelligence-based automatic
intubation device and a method of operating the same, which
automatically introduce a tube along a respiratory tract
detected by means of an artificial intelligence algorithm.

BACKGROUND ART

[0002] Endotracheal intubation is a main technique for
saving lives of patients who are in a situation in which
spontaneous breathing is impossible or difficult due to
difficulty in breathing or a loss of consciousness. Until
practitioners master this technique, it is difficult to learn this
technique to the extent that it is recommended that the
training of this technique needs to be performed in the
presence of highly skilled professionals. In addition, it takes
a lot of time and effort to master this technique.

[0003] Initially, it was known that it is difficult to insert the
laryngoscope directly into the trachea. As a kind of laryn-
goscope to overcome this difficulty, a video laryngoscope
has been developed.

[0004] The video laryngoscopes may be roughly classified
into a channel-type video laryngoscope having a guide
channel that guides the laryngoscope into a trachea, a
stylet-type video laryngoscope configured to allow a prac-
titioner to adjust a direction in which a procedure is per-
formed in a trachea by using a guide stylet, and a video
stylet-type video laryngoscope which is not commonly used
but has a video camera attached to a stylet such that no
laryngoscope is required.

[0005] However, the endotracheal intubation is still one of
the most difficult techniques for all medical practitioners in
emergency situations.

[0006] In the related art, the endotracheal intubation is
performed while visually observing the appearance of the
larynx through a video screen, but errors frequently occur in
this process. In addition, because the anatomical structure
related to the larynx is different for each individual, in the
case of a patient with a laryngeal structure that is difficult to
see with the laryngoscope, it is difficult even for a high-
skilled medical practitioner to precisely and accurately
change a previous method to a subsequent protocol such as
a subsequent method without making a mistake.

[0007] As a related art, there is Korean Patent No.
10-1561527 entitled ‘Laryngoscope Embedded with Cam-
era’ (published on Oct. 20, 2015).

DISCLOSURE

Technical Problem

[0008] Exemplary embodiments of the present invention
relate to an artificial intelligence-based automatic intubation
device and a method of operating the same, in which a
respiratory tract position is detected by applying, to an
image of a respiratory tract in a trachea, an artificial intel-
ligence algorithm prepared by performing machine learning
on a plurality of respiratory tract images, and intubation is
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performed by automatically adjusting a traveling direction
of a tube based on the detected respiratory tract position.
[0009] Technical problems to be solved by the present
invention are not limited to the above-mentioned technical
problem(s), and other technical problem(s), which are not
mentioned above, may be clearly understood by those
skilled in the art from the following descriptions.

Technical Solution

[0010] An artificial intelligence-based automatic intuba-
tion device according to an exemplary embodiment of the
present invention includes: a body having, at one side, a
video laryngoscope having an image capturing channel
having a predetermined length, the body including a drive
unit configured to move an intubation tube; a blade coupled
to a circumference of the image capturing channel in a
longitudinal direction of the image capturing channel, the
blade being configured to be inserted into a trachea; and a
control unit configured to control operations of the body and
the blade so that the intubation tube is automatically intro-
duced into the trachea.

[0011] In addition, an image capturing unit and a light
emitting unit may be provided at an end of the image
capturing channel according to the exemplary embodiment
of the present invention, the image capturing unit may be
configured to capture an image of the inside of the trachea,
and the light emitting unit may be configured to output a
signal in the form of light into the trachea.

[0012] In addition, the body according to the exemplary
embodiment of the present invention may include a mount
unit partially opened so that the video laryngoscope is
attachable and detachable.

[0013] In addition, the drive unit according to the exem-
plary embodiment of the present invention may have a space
into which the intubation tube is inserted, and the drive unit
may include: an opening-closing member configured to be
opened or closed so as to fix the intubation tube inserted into
the body or separate the intubation tube from the body; and
rollers configured to move the intubation tube in an up-down
direction.

[0014] In addition, a lower portion of the blade according
to the exemplary embodiment of the present invention may
have a bent part having a predetermined size and bent.
[0015] In addition, the blade according to the exemplary
embodiment of the present invention may further include a
cover member formed along one outer surface of the bent
part and having a plate shape having a larger width than the
blade.

[0016] In addition, the artificial intelligence-based auto-
matic intubation device according to the exemplary embodi-
ment of the present invention may further include a guide
unit formed along the other outer surface of the bent part and
configured to guide the intubation tube through a space
formed as the guide unit is spaced apart from the cover
member.

[0017] In addition, the blade and the guide unit according
to the exemplary embodiment of the present invention may
include a plurality of segmental parts connected to at least
one adjustment member and configured to be changed
independently.

[0018] In addition, the body according to the exemplary
embodiment of the present invention may include: a first
button configured to adjust a movement speed of the intu-
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bation tube; and a second button configured to adjust an
insertion direction of the intubation tube.

[0019] In addition, the intubation tube according to the
exemplary embodiment of the present invention may be
semi-automatically introduced into the trachea by manipu-
lating the first button and the second button.

[0020] Inaddition, the control unit according to the exem-
plary embodiment of the present invention may detect a
respiratory tract position in respect to an image of the inside
of the trachea based on a prepared artificial intelligence
algorithm, and the control unit may automatically control a
traveling direction of the intubation tube in accordance with
the respiratory tract position.

[0021] In addition, the control unit according to the exem-
plary embodiment of the present invention may include: an
image collecting unit configured to collect image informa-
tion in respect to an image of the inside of the trachea which
is captured through the image capturing channel; a respira-
tory tract position detecting unit configured to detect a
respiratory tract position by applying, to the collected image
information, the artificial intelligence algorithm prepared by
performing machine learning on a plurality of respiratory
tract images; an image creating unit configured to indicate
the detected respiratory tract position in the captured image
of the inside of the trachea; and an intubation adjusting unit
configured to control, based on the detected respiratory tract
position, the operations of the body and the blade so that the
traveling direction of the intubation tube is automatically
adjusted.

[0022] In addition, a method of operating an artificial
intelligence-based automatic intubation device according to
an exemplary embodiment of the present invention includes:
capturing an image of the inside of a trachea by using an
image capturing channel provided on a video laryngoscope
and collecting image information in respect to the captured
image of the inside of the trachea; detecting, by a control
unit of the intubation device, a respiratory tract position by
applying, to the collected image information, an artificial
intelligence algorithm prepared by performing machine
learning on a plurality of respiratory tract images; indicat-
ing, by the control unit, the detected respiratory tract posi-
tion on the captured image of the inside of the trachea; and
controlling, by the control unit, based on the detected
respiratory tract position, an operation of a body of the
intubation device and an operation of a blade coupled to the
image capturing channel so that a traveling direction of an
intubation tube is automatically adjusted.

[0023] In addition, the method of operating the artificial
intelligence-based automatic intubation device according to
the exemplary embodiment of the present invention may
further include: semi-automatically adjusting the traveling
direction of the intubation tube by operating a button pro-
vided on the body of the intubation device in accordance
with the respiratory tract position indicated on the captured
image of the inside of the trachea.

[0024] Other detailed matters of the exemplary embodi-
ment are included in the detailed description and the accom-
panying drawings.

Advantageous Effects

[0025] According to the exemplary embodiments of the
present invention, the respiratory tract position may be
detected by applying, to an image of the respiratory tract in
the trachea, the artificial intelligence algorithm prepared by
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performing machine learning on a plurality of respiratory
tract images, and the intubation may be performed by
automatically adjusting the traveling direction of the tube
based on the detected respiratory tract position.

[0026] According to the exemplary embodiments of the
present invention, it is possible to ensure a patient’s safety
without performing a separate process of training inexperi-
enced medical practitioners.

DESCRIPTION OF DRAWINGS

[0027] FIG. 1 is a perspective view for schematically
explaining an artificial intelligence-based automatic intuba-
tion device according to an exemplary embodiment of the
present invention.

[0028] FIG. 2 is a front view of FIG. 1.
[0029] FIG. 3 is a top plan view of FIG. 1.
[0030] FIGS. 4A and 4B are perspective views for

explaining an operation of a drive unit in a main body
according to the exemplary embodiment of the present
invention.

[0031] FIG. 5A is a perspective view for explaining a
blade according to the exemplary embodiment of the present
invention.

[0032] FIG. 5B is a perspective view for explaining a state
in which a blade and an intubation tube according to the
exemplary embodiment of the present invention are coupled.
[0033] FIG. 6A is a top plan view for explaining a state in
which the blade and a video laryngoscope according to the
exemplary embodiment of the present invention are coupled.
[0034] FIG. 6B is a side view illustrating a state in which
the blade, the video laryngoscope, and the intubation tube
according to the exemplary embodiment of the present
invention are coupled.

[0035] FIG. 7 is a block diagram for explaining a structure
of a control unit according to the exemplary embodiment of
the present invention.

[0036] FIG. 8 is a view illustrating a shape of an artificial
neural network of a multilayer structure used for machine
learning according to the exemplary embodiment of the
present invention.

[0037] FIG. 9A is a source image illustrating the inside of
a trachea according to the exemplary embodiment of the
present invention.

[0038] FIG. 9B is a respiratory tract image in which only
a respiratory tract position is shown in the source image
according to the exemplary embodiment of the present
invention.

[0039] FIG. 9C is an image which additionally shows a
respiratory tract position detected by applying, to an image
of the inside of a trachea, an artificial intelligence algorithm
prepared by performing machine learning on a plurality of
respiratory tract images.

DESCRIPTION OF MAIN REFERENCE
NUMERALS OF DRAWINGS

[0040] 1: Intubation device

[0041] 10: Video laryngoscope
[0042] 12: Image capturing channel
[0043] 20: Intubation tube

[0044] 100: Body

[0045] 110: Drive unit

[0046] 112: Opening-closing member
[0047] 114: Roller
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[0048] 120: Mount unit

[0049] 122: Fastening unit

[0050] 130: Fixing unit

[0051] 131: Battery unit

[0052] 132: Power button

[0053] 134: First button

[0054] 136: Second button

[0055] 138: On-off switch

[0056] 200: Blade

[0057] 210: Bent part

[0058] 212: Cover member

[0059] 220: Guide unit

[0060] 230: Segmental part

[0061] 300: Control unit

[0062] 310: Image collecting unit
[0063] 320: Respiratory tract position detecting unit
[0064] 330: Image creating unit
[0065] 340: Intubation adjusting unit

BEST MODE

[0066] Advantages and/or features of the present inven-
tion and methods of achieving the advantages and features
will be clear with reference to exemplary embodiments
described in detail below together with the accompanying
drawings. However, the present invention is not limited to
the exemplary embodiments disclosed herein but will be
implemented in various forms. The exemplary embodiments
of the present invention are provided so that the present
invention is completely disclosed, and a person with ordi-
nary skill in the art can fully understand the scope of the
present invention. The present invention will be defined only
by the scope of the appended claims. Like reference numer-
als indicate like constituent elements throughout the speci-
fication.

[0067] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

[0068] FIG. 1 is a perspective view for schematically
explaining an artificial intelligence-based automatic intuba-
tion device according to an exemplary embodiment of the
present invention, FIG. 2 is a front view of FIG. 1, FIG. 3
is a top plan view of FIG. 1, FIGS. 4A and 4B are
perspective views for explaining an operation of a drive unit
in a main body according to the exemplary embodiment of
the present invention, FIG. 5A is a perspective view for
explaining a blade according to the exemplary embodiment
of the present invention, FIG. 5B is a perspective view for
explaining a state in which a blade and an intubation tube
according to the exemplary embodiment of the present
invention are coupled, FIG. 6A is a top plan view for
explaining a state in which the blade and a video laryngo-
scope according to the exemplary embodiment of the present
invention are coupled, and FIG. 6B is a side view illustrating
a state in which the blade, the video laryngoscope, and the
intubation tube according to the exemplary embodiment of
the present invention are coupled.

[0069] Referring to FIG. 1, an artificial intelligence-based
automatic intubation device 1 according to an exemplary
embodiment of the present invention is a device that per-
forms the intubation by automatically adjusting a traveling
direction in which a tube is introduced into a respiratory tract
of a patient. The artificial intelligence-based automatic intu-
bation device 1 may include a body 100, a blade 200, and a
control unit 300.
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[0070] As illustrated, the intubation device 1 according to
the present invention has a structure in which the blade 200
is coupled to an image capturing channel of a video laryn-
goscope 10 provided on the body 100, and the automatic
intubation is performed through the blade 200.

[0071] The video laryngoscope 10 and the intubation tube
20 may be coupled to the body 100, the video laryngoscope
10 is a tool for capturing an image of the inside of a patient’s
respiratory tract, and the intubation tube 20 is inserted into
the respiratory tract.

[0072] The video laryngoscope 10 may include a display
device configured to display a captured image of the inside
of a trachea and an image capturing channel 12 extending
from one side of the display device and configured to be
inserted into the trachea.

[0073] In this case, in a state in which the video laryngo-
scope 10 is inserted into the blade 200 to be described below,
the video laryngoscope 10 may be rotated in all directions,
which may improve the convenience of use.

[0074] The display device may be implemented as various
types screen inquiry devices such as a CRT display, an LCD
display, and a PDP display.

[0075] In this case, the video laryngoscope 10 may be
operated in conjunction with external devices (not illus-
trated) such as PCs, laptop computers, image projectors,
TVs, and smartphones connected to the video laryngoscope
10 by wired or wireless communication. Therefore, the
captured image of the inside of the trachea, which is
displayed on the display device of the video laryngoscope
10, may be transferred to the external device and displayed
through the external device, or data required for the intuba-
tion procedure may be received from the external device and
displayed through the video laryngoscope 10.

[0076] Animage capturing unit (not illustrated) and a light
emitting unit (not illustrated) may be provided at an end of
the image capturing channel 12. That is, the image capturing
channel 12 may capture an image of the inside of the trachea
by using the image capturing unit and output a signal in the
form of light into the trachea by using the light emitting unit
so as to enable the image capturing process.

[0077] For example, the image capturing unit and the light
emitting unit may be disposed in parallel with each other, or
a plurality of light emitting units may be disposed along an
outer periphery of the image capturing unit. However, the
present invention is not limited to a shape in which the
image capturing unit and the light emitting unit are disposed.
[0078] As the image capturing channel 12 is inserted into
the trachea, the intubation tube 20 may be inserted into the
respiratory tract in a state in which an airway of the patient’s
respiratory tract is ensured.

[0079] In this case, the intubation tube 20 may be auto-
matically inserted to a respiratory tract position by being
controlled by the control unit 300 based on an artificial
intelligence algorithm to be described below.

[0080] The intubation tube 20 is made of a flexible mate-
rial and may be curved so as to be inserted while corre-
sponding to a curved shape inside the trachea. However, the
present invention is not limited thereto, and the intubation
tube 20 may be implemented with various materials such as
PV, silicone, or synthetic resin having elasticity.

[0081] Hereinafter, a structure of the body 100 according
to the present exemplary embodiment will be specifically
described with reference to FIGS. 2, 3, 4A, and 4B.
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[0082] Referring to FIGS. 2 and 3, the body 100 may
include a gripping part (not illustrated) configured to be
gripped by a user, a mount unit 120 to/from which the video
laryngoscope 10 is attached or detached, and a drive unit 110
configured to move the intubation tube 20.

[0083] The gripping part has a column shape having a
predetermined length and may be provided with various
types of buttons, switches, and indicators which are used to
perform the intubation procedure.

[0084] The various types of buttons may include a power
button 132 configured to turn on or off the body 100, a first
button 134 configured to adjust a movement speed of the
intubation tube 20, and a second button 136 configured to
adjust an insertion direction of the intubation tube 20.
However, the present invention is not limited thereto, and
any button required for the intubation procedure may be
additionally provided.

[0085] The first button 134 is implemented as a single
button, and the movement speed of the intubation tube 20
may be adjusted in accordance with the number of times the
first button 134 is pushed. That is, the movement speed of
the intubation tube 20 may be decreased when the first
button 134 is pushed once, and the movement speed of the
intubation tube 20 may be increased as the first button 134
is continuously pushed twice. However, the present inven-
tion is not limited to the number of times the first button 134
is pushed.

[0086] In this case, indicators may be further provided
which divide movement speeds of the intubation tube 20
into modes in order to visually display the movement speeds
of the intubation tube 20. For example, an ‘[’ indicator may
emit light for indicating a mode in which the movement
speed of the intubation tube 20 is low, and an ‘H’ indicator
may emit light for indicating a mode in which the movement
speed of the intubation tube 20 is high.

[0087] The second button 136 may include a forward
button (L ) and a reverse button (L ) in view of the traveling
direction of the intubation tube 20. For example, when the
forward button (:° ) of the second button 136 is pushed, the
intubation tube 20 may be moved forward toward the
respiratory tract and inserted into the respiratory tract. When
the reverse button (= ) of the second button 136 is pushed,
the intubation tube 20 may be moved reversely to the outside
of the respiratory tract and withdrawn from the respiratory
tract.

[0088] In this case, the first button 134 and the second
button 136 may allow a user to manually manipulate the
intubation tube 20 to perform the intubation in a case in
which it is difficult to automatically insert the intubation tube
20 to perform the automatic intubation function. For
example, the user may manually manipulate the buttons
when the automatic intubation function is interrupted during
the intubation procedure or when an abnormality occurs in
the display device of the video laryngoscope 10.

[0089] For reference, in the present exemplary embodi-
ment, the automatic intubation procedure using the intuba-
tion tube 20 may be started by pushing the power button 132
or a separate drive button (not illustrated).

[0090] Meanwhile, the gripping part may be further pro-
vided with an on-off switch 138 configured to control an
opening-closing operation of the drive unit 110, and a
battery unit 131 into which a battery for operating the body
100 is inserted.

Jul. 1, 2021

[0091] The mount unit 120 protrudes from one end of the
gripping part, and a part of the mount unit 120 may be
opened so that the video laryngoscope 10 may be attached
or detached.

[0092] In this case, a fastening unit 122 having a clip
shape may be provided inside the mount unit 120, and the
video laryngoscope 10 may be fastened to the mount unit
120 by means of the fastening unit 122.

[0093] For reference, in the present exemplary embodi-
ment, the video laryngoscope 10 may be integrally coupled
to the body 100 instead of being attachable to or detachable
from the mount unit 120.

[0094] The drive unit 110 serves to move the intubation
tube 20 toward the inside and the outside of the respiratory
tract in the state in which the intubation tube 20 is coupled
to the body 100. The drive unit 110 may include an opening-
closing member 112 and rollers 114.

[0095] The drive unit 110 may have a space having a
predetermined size so that the intubation tube 20 is inserted
into the space, and the size of the space may be larger than
a circumference of the intubation tube 20.

[0096] The opening-closing member 112 may be opened
or closed so that the intubation tube 20 inserted into the
space is fixed to the body 100 or separated from the body
100.

[0097] That is, when the opening-closing member 112 is
opened as illustrated in FIG. 4A, the intubation tube 20 may
be inserted into the space so as to be coupled to the body
100, or the intubation tube 20 may be withdrawn from the
space so as to be separated from the body 100. In contrast,
when the opening-closing member 112 is closed as illus-
trated in FIG. 4B, the intubation tube 20 may be fixed to the
body 100.

[0098] In this case, the opening-closing member 112 may
be operated by a drive motor (not illustrated) embedded in
the drive unit 110 or disposed outside the drive unit 110, and
the drive motor may be operated by the operation of the
on-off switch 138 provided in the body 100.

[0099] In a state in which one end and the other end of
each of the rollers 114 are fixed, the rollers 114 may be
rotated so that the intubation tube 20 is moved in an
up-down direction. Like the opening-closing member 112,
the rollers 114 may be operated by the drive motor (not
illustrated).

[0100] Meanwhile, the body 100 may be further provided
with a fixing unit 130 that fixes the intubation tube 20 so that
the intubation tube 20 is moved without swaying.

[0101] Referring back to FIG. 1, the blade 200 may be
coupled in a longitudinal direction of the image capturing
channel so as to surround an outer circumference of the
image capturing channel 12.

[0102] In the present exemplary embodiment, the blade
200 may be made of a transparent or semi-transparent plastic
material so that the image capturing channel 12 coupled
inside the blade 200 may be observed with the naked eye.
However, the present invention is not limited thereto, and
the blade 200 may be made of various materials that enable
the inside of the blade 200 to be observed from the outside.
[0103] Referring to FIGS. 5A and 5B, a lower portion of
the blade 200 may have a bent part 210 which has a
predetermined size and is bent. Therefore, irritation to an
inner wall of the larynx, which is caused when inserting the
blade 200 into the trachea, may be minimized, thereby
minimizing discomfort felt by the patient.
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[0104] The blade 200 may further include a cover member
212 formed along one outer surface of the bent part 210 and
having a plate shape having a larger width than the blade
200.

[0105] The cover member 212 may have a bent shape
formed in a longitudinal direction of the bent part 210 and
have the same degree of bending as the bent part 210.
[0106] In the present invention, a guide unit 220 may be
further formed along the other outer surface of the bent part
210.

[0107] The guide unit 220 may be formed in the longitu-
dinal direction of the bent part 210 so as to face the cover
member 212.

[0108] The guide unit 220 may guide the intubation tube
20 through a space provided as the guide unit 220 is spaced
apart from the cover member 212. That is, the space having
a predetermined size may be provided between the guide
unit 220 and the cover member 212, and the intubation tube
20 may be inserted into the space.

[0109] For reference, the guide unit 220 may be integrally
formed along the other outer surface of the bent part 210, but
in the present invention, the guide unit 220 may also be
formed to be separable from the other outer surface of the
bent part 210.

[0110] Meanwhile, the blade 200 and the guide unit 220
may include a plurality of segmental parts 230, each of
which may be connected to at least one adjustment member
and changed independently.

[0111] The plurality of segmental parts 230 may have a
structure similar to a joint structure of a human body and
include a plurality of segmental members, such that a
traveling direction in which the intubation tube 20 is inserted
into the trachea may be freely adjusted.

[0112] In this case, the plurality of segmental parts 230
may be connected to at least one adjustment member (not
illustrated) in order to change the respective segmental
members. The adjustment member may individually adjust
angles, curvatures, volumes, and the like of the segmental
members, thereby changing the respective segmental mem-
bers.

[0113] For reference, although not illustrated, the adjust-
ment member may be operated by being connected to a
motor or pneumatic device and may change the plurality of
segmental parts 230 based on the artificial intelligence
algorithm to be described below.

[0114] Referring to FIGS. 6A and 6B, the image capturing
channel 12 may be fitted into the blade 200. Therefore, in the
state in which the blade 200 is coupled to the image
capturing channel 12, the blade 200 may be inserted into the
trachea.

[0115] That is, the blade 200 is inserted into the trachea in
the state in which the image capturing channel 12 of the
video laryngoscope 10 is mounted in the blade 200, and then
the intubation tube 20 may be inserted through the guide unit
220. For reference, although not illustrated in the drawings,
it can be seen that the image capturing channel 12 penetrates
the blade 200 and passes through the end of the bent part 210
of the blade 200.

[0116] Referring back to FIG. 1, although not illustrated in
the drawings, the control unit 300 may control the operation
of the body 100 so that the intubation tube 20 is automati-
cally inserted into the trachea.

[0117] The control unit 300 may be a component or a
circuit having its own calculation function, and the control
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unit 300 may be embedded in the body 100 or included in
an external device (not illustrated) connected to the body
100 by wired or wireless communication.

[0118] The control unit 300 detects a respiratory tract
position by applying, to an image of the inside of the trachea,
the artificial intelligence algorithm prepared by performing
machine learning on a plurality of respiratory tract images,
and the control unit 300 may automatically control the
traveling direction of the intubation tube 20 based on the
respiratory tract position.

[0119] The control unit 300 may not only automatically
control the traveling direction of the intubation tube 20, but
also may allow the traveling direction of the intubation tube
20 to be controlled semi-automatically or manually. This
configuration will be described in detail with reference to
FIG. 7.

[0120] FIG. 7 is a block diagram for explaining a structure
of the control unit according to the exemplary embodiment
of the present invention.

[0121] Referring to FIG. 7, the control unit 300 may
include an image collecting unit 310, a respiratory tract
position detecting unit 320, an image creating unit 330, and
an intubation adjusting unit 340.

[0122] The image collecting unit 310 may collect image
information related to the images of the inside of the trachea
which are captured through the image capturing channel 12.
[0123] That is, the image collecting unit 310 may capture
the images of the inside of the trachea several times by using
the image capturing unit and the light emitting unit provided
in the image capturing channel 12 of the video laryngoscope
10, and the image collecting unit 310 may collect the image
information including the plurality of captured images of the
inside of the trachea. In this case, the image information is
an image file and may include a still image or a video. For
example, by using the image capturing channel 12, a video
of the inside of the trachea may be captured, a still image is
extracted from a file of the captured video, and the still
image may be used as an image file.

[0124] The image collecting unit 310 may additionally
indicate the respiratory tract position detected by applying,
to the captured source image, the artificial intelligence
algorithm prepared by performing the machine learning on
the plurality of respiratory tract images.

[0125] In this case, the machine learning for creating the
artificial intelligence algorithm may be performed on the
external device (not illustrated) connected by wired or
wireless communication, and the created artificial intelli-
gence algorithm may be used by being mounted on a chip
that may be inserted into the automatic intubation device
according to the present invention. That is, according to the
present invention, the machine learning is performed by the
external device connected to the automatic intubation
device, the artificial intelligence algorithm may be prepared
in advance, and then the prepared algorithm may be applied
to the respiratory tract image.

[0126] The respiratory tract position detecting unit 320
may detect the respiratory tract position by applying the
artificial intelligence algorithm to the collected image infor-
mation.

[0127] The machine learning is the repetitive learning
using an artificial neural network and randomly changes a
plurality of internal variables that constitutes the artificial
neural network. The machine learning may be repetitively
performed in consideration of a relationship between values
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of the randomly changed internal variables and input and
output values of the artificial neural network.

[0128] In the present exemplary embodiment, as illus-
trated in FIG. 8, a multi-layered neural network is designed,
and the machine learning is performed by a separate com-
puter based on the plurality of collected respiratory tract
images and the respective respiratory tract positions. For
example, the multi-layered neural network may be designed
by using various types of hidden layers between an input
layer and an output layer of the artificial neural network.
[0129] The image creating unit 330 may additionally
indicate the respiratory tract position detected based on the
captured image of the inside of the trachea.

[0130] That is, the image creating unit 330 may create an
image in which the respiratory tract position, which is
detected by applying the artificial intelligence algorithm to
the captured source image, is additionally indicated. In this
case, the image in which the respiratory tract position, which
is detected by applying the artificial intelligence algorithm,
is additionally indicated may be displayed on the display
device of the video laryngoscope 10 or displayed in real time
while performing the respiratory tract intubation.

[0131] Based on the respiratory tract position additionally
indicated on the image, the intubation adjusting unit 340
may control the operations of the body 100 and the blade
200 so that the traveling direction of the intubation tube 20
may be automatically adjusted.

[0132] Therefore, the intubation tube 20 may be automati-
cally introduced to the corresponding respiratory tract posi-
tion by applying the respiratory tract position indicated on
the image by the machine learning.

[0133] Meanwhile, the intubation tube 20 according to the
present invention may be introduced in accordance with
three types of exemplary embodiments.

[0134] In one exemplary embodiment, as an automatic
mode, the blade 200, particularly, the plurality of segmental
parts 230 is automatically moved by the above-mentioned
process based on the artificial intelligence algorithm, such
that the traveling direction of the intubation tube 20 may be
automatically controlled in accordance with the respiratory
tract position, and thus the movement of the intubation tube
20 itself, such as the insertion of the intubation tube 20 into
the trachea or the withdrawal of the intubation tube 20 from
the trachea, may be automatically controlled by the control
unit 300.

[0135] In another exemplary embodiment, as a semi-
automatic mode, the blade 200, particularly, the plurality of
segmental parts 230 is automatically moved by the above-
mentioned process based on the artificial intelligence algo-
rithm, such that the traveling direction of the intubation tube
20 is automatically controlled in accordance with the respi-
ratory tract position, and thus the movement of the intuba-
tion tube 20, such as the insertion of the intubation tube 20
into the trachea or the withdrawal of the intubation tube 20
from the trachea, may be manually controlled by using the
various types of buttons provided on the body 100 of the
intubation device.

[0136] In still another exemplary embodiment, as a semi-
automatic mode, the blade 200, particularly, the plurality of
segmental parts 230 is automatically moved by the above-
mentioned process based on the artificial intelligence algo-
rithm, such that the traveling direction of the intubation tube
20 may be automatically controlled in accordance with the
respiratory tract position, and thus the movement of the
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intubation tube 20, such as the insertion of the intubation
tube 20 into the trachea or the withdrawal of the intubation
tube 20 from the trachea, may be manually controlled by the
user by directly manipulating the intubation tube 20.

[0137] Inyet another exemplary embodiment, as a manual
mode, the traveling direction of the intubation tube 20 is
manually controlled by the user by directly manipulating the
intubation tube 20, such that the movement of the intubation
tube 20, such as the insertion of the intubation tube 20 into
the trachea or the withdrawal of the intubation tube 20 from
the trachea, may also be manually controlled by the user by
directly manipulating the intubation tube 20.

[0138] Hereinafter, a method of operating the artificial
intelligence-based automatic intubation device according to
the exemplary embodiment of the present invention will be
described.

[0139] First, the automatic intubation device 1 according
to the present invention may capture the image of the inside
of the trachea by using the image capturing channel 12
provided on the video laryngoscope 10 which is attachable
to or detachable from the intubation device 1. The image of
the inside of the trachea is an image that represents the inside
of' the respiratory tract, that is, an image used for the artificial
intelligence algorithm for detecting the respiratory tract
position.

[0140] In this case, the automatic intubation device 1 may
capture images of the inside of the trachea several times by
using the image capturing unit and the light emitting unit
provided on the image capturing channel 12 and may collect
the image information related to the plurality of captured
images.

[0141] In addition, the automatic intubation device 1 may
create a respiratory tract image in which the respiratory tract
position detected by the artificial intelligence algorithm is
additionally indicated in the captured source image.

[0142] For reference, an example of the source image,
which indicates the inside of the trachea, is as illustrated in
FIG. 9A, and an example of the respiratory tract image
(white), which indicates only the respiratory tract position
on the source image, is as illustrated in FIG. 9B.

[0143] Therefore, the artificial intelligence algorithm for
detecting the respiratory tract position on the respiratory
tract image may be prepared by performing the machine
learning on the plurality of respiratory tract images.

[0144] Next, the automatic intubation device I may detect
the respiratory tract position by applying the prepared arti-
ficial intelligence algorithm to the respiratory tract image
collected by the control unit 300.

[0145] Specifically, pixel values of the source images and
the respiratory tract images in respect to the collected image
information may be converted into numerical value data
having values between 0 and 1 by using a black-white
conversion formula ((Redx0.299+Greenx0.587+Bluex0.
114)/255).

[0146] In this case, the numerical value data converted
from the source image may be used as input values for the
machine learning, and the numerical value data converted
from the respiratory tract image may be used as target values
for the machine learning.

[0147] The machine learning according to the present
exemplary embodiment is the repetitive learning using the
artificial neural network and randomly selects some of the
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plurality of internal variables that constitutes the artificial
neural network, thereby randomly changing the correspond-
ing variable values.

[0148] Thereafter, the input values, which are numerical
value data converted from the source image, are inputted as
the input values for the machine learning, such that the
output values of the artificial neural network, which have the
randomly changed internal variable values, may be calcu-
lated.

[0149] Thereafter, based on the calculated output values,
the calculation is performed to square and sum differences
between the target value and the numerical value data
converted from the respiratory tract image.

[0150] Thereafter, when the squared and summed values
are smaller than before randomly changing the internal
variable values of the artificial neural network, the changed
internal variable values are stored in the artificial neural
network. When the squared and summed values are larger
than before randomly changing the internal variable values
of'the artificial neural network, the changed internal variable
values are not stored, and the machine learning is repeti-
tively performed. In this case, a position of a maximum
output value of the artificial neural network, which corre-
sponds to the stored internal variable value, may be set as the
respiratory tract position indicated in the image.

[0151] For reference, the number of times the machine
learning is repeated is set in advance, and the machine
learning is repetitively performed until the set number of
times is reached.

[0152] Next, the automatic intubation device 1, by the
control unit 300, may create an image in which the respi-
ratory tract position, which is detected by applying the
artificial intelligence algorithm, is additionally indicated on
the captured image of the inside of the trachea.

[0153] In this case, an example of the image in which the
respiratory tract position (green quadrangle), which is
detected by applying the artificial intelligence algorithm, is
additionally indicated on the image of the inside of the
trachea is as illustrated in FIG. 9C.

[0154] For reference, the image in which the respiratory
tract position, which is detected by applying the artificial
intelligence algorithm prepared in respect to the respiratory
tract image, is additionally indicated may be displayed on
the display device of the video laryngoscope 10 or displayed
in real time while performing the respiratory tract intuba-
tion.

[0155] Next, the automatic intubation device I may control
the operations of the body 100 and the blade 200 so that the
traveling direction of the intubation tube 20 is adjusted
based on the respiratory tract position detected by applying
the artificial intelligence algorithm by the control unit 300.
[0156] Specifically, the intubation tube 20 is moved along
the guide unit 220 provided on the blade 200, and the angles,
the curvatures, the volumes, and the like of the plurality of
segmental parts 230, which constitutes the guide unit 220
and the blade 200, are adjusted, such that the traveling
direction of the intubation tube 20 may be adjusted so that
the intubation tube 20 is moved toward the respiratory tract
position.

[0157] Accordingly, the intubation tube 20 may be auto-
matically introduced toward the corresponding respiratory
tract position based on the respiratory tract position detected
by applying the artificial intelligence algorithm to the respi-
ratory tract image.
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[0158] Thereafter, after the machine learning is performed
a predetermined number of times, the operation of the
intubation device is ended.

[0159] While the specific exemplary embodiments accord-
ing to the present invention have been described above,
various modifications may be made without departing from
the scope of the present invention. Therefore, the scope of
the present invention should not be limited to the described
exemplary embodiments and should be defined by not only
the claims to be described below, but also those equivalent
to the claims.

[0160] While the present invention has been described
above with reference to the limited exemplary embodiments
and the drawings, the present invention is not limited to the
exemplary embodiments and may be variously modified and
altered from the disclosure by those skilled in the art to
which the present invention pertains. Therefore, the spirit of
the present invention should be defined only by the
appended claims, and all modifications, equivalents, and
alternatives fall within the scope and spirit of the present
invention.

1. An artificial intelligence-based automatic intubation
device comprising:

a body having, at one side, a video laryngoscope having
an image capturing channel having a predetermined
length, the body comprising a drive unit configured to
move an intubation tube;

a blade coupled to a circumference of the image capturing
channel in a longitudinal direction of the image cap-
turing channel, the blade being configured to be
inserted into a trachea; and

a control unit configured to control operations of the body
and the blade so that the intubation tube is automati-
cally introduced into the trachea.

2. The artificial intelligence-based automatic intubation
device of claim 1, wherein an image capturing unit and a
light emitting unit are provided at an end of the image
capturing channel, the image capturing unit is configured to
capture an image of the inside of the trachea, and the light
emitting unit is configured to output a signal in the form of
light into the trachea.

3. The artificial intelligence-based automatic intubation
device of claim 1, wherein the body comprises a mount unit
partially opened so that the video laryngoscope is attachable
and detachable.

4. The artificial intelligence-based automatic intubation
device of claim 1, wherein the drive unit has a space into
which the intubation tube is inserted, and the drive unit
comprises:

an opening-closing member configured to be opened or
closed so as to fix the intubation tube inserted into the
body or separate the intubation tube from the body; and

rollers configured to move the intubation tube in an
up-down direction.

5. The artificial intelligence-based automatic intubation
device of claim 1, wherein a lower portion of the blade has
a bent part having a predetermined size and bent.

6. The artificial intelligence-based automatic intubation
device of claim 5, wherein the blade further comprises a
cover member formed along one outer surface of the bent
part and having a plate shape having a larger width than the
blade.

7. The artificial intelligence-based automatic intubation
device of claim 6, further comprising:
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a guide unit formed along the other outer surface of the
bent part and configured to guide the intubation tube
through a space formed as the guide unit is spaced apart
from the cover member.

8. The artificial intelligence-based automatic intubation
device of claim 7, wherein the blade and the guide unit
comprise a plurality of segmental parts connected to at least
one adjustment member and configured to be changed
independently.

9. The artificial intelligence-based automatic intubation
device of claim 1, wherein the body comprises:

a first button configured to adjust a movement speed of the

intubation tube; and

a second button configured to adjust an insertion direction
of the intubation tube.

10. The artificial intelligence-based automatic intubation
device of claim 9, wherein the intubation tube is semi-
automatically introduced into the trachea by manipulating
the first button and the second button.

11. The artificial intelligence-based automatic intubation
device of claim 1, wherein the control unit detects a respi-
ratory tract position in respect to an image of the inside of
the trachea based on a prepared artificial intelligence algo-
rithm, and the control unit automatically controls a traveling
direction of the intubation tube in accordance with the
respiratory tract position.

12. The artificial intelligence-based automatic intubation
device of claim 11, wherein the control unit comprises:

an image collecting unit configured to collect image
information in respect to an image of the inside of the
trachea which is captured through the image capturing
channel;

a respiratory tract position detecting unit configured to
detect a respiratory tract position by applying, to the
collected image information, the artificial intelligence
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algorithm prepared by performing machine learning on
a plurality of respiratory tract images;

an image creating unit configured to indicate the detected
respiratory tract position in the captured image of the
inside of the trachea; and

an intubation adjusting unit configured to control, based
on the detected respiratory tract position, the operations
of the body and the blade so that the traveling direction
of the intubation tube is automatically adjusted.

13. A method of operating an artificial intelligence-based

automatic intubation device, the method comprising:

capturing an image of the inside of a trachea by using an
image capturing channel provided on a video laryngo-
scope and collecting image information in respect to
the captured image of the inside of the trachea;

detecting, by a control unit of the intubation device, a
respiratory tract position by applying, to the collected
image information, an artificial intelligence algorithm
prepared by performing machine learning on a plurality
of respiratory tract images;

indicating, by the control unit, the detected respiratory
tract position on the captured image of the inside of the
trachea; and

controlling, by the control unit, based on the detected
respiratory tract position, an operation of a body of the
intubation device and an operation of a blade coupled
to the image capturing channel so that a traveling
direction of an intubation tube is automatically
adjusted.

14. The method of claim 13, further comprising:

semi-automatically adjusting the traveling direction of the
intubation tube by operating a button provided on the
body of the intubation device in accordance with the
respiratory tract position indicated on the captured
image of the inside of the trachea.
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