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(57) Abstract: A robotic-assisted surgical system (1) includes a flexible inserted portion having an elongated shaft (3); a distal-end
movement-amount detecting portion (9) that detects an amount of movement of the distal end of the inserted portion (3); an operat -
ing unit (2) that is disposed outside the body and that is operated by an operator outside the body; a driving portion (5) that drives
the inserted portion (3) at a proximal end thereot in accordance with an operation signal input to the operating unit (2); and a control
portion (6) that calculates a difference between the amounts of movement of the distal end and the proximal end of the inserted por -
tion (3), and that, in the case in which the difference is greater than a predetermined threshold, contorols the driving portion (5) so as
to notifies the operator to that effect.
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{DESCRIPTION}

{Title of Invention}

ROBOTIC-ASSISTED SURGICAL SYSTEM AND CONTROL METHOD THEREOF
{Technical Field}

{0001}

The present invention relates to a robotic-assisted
surgical system and a control method thereof.
{Background Art}

{0002}

In the related art, there is a known electrically-driven
bending endoscope in which a distal-end portion of an inserted
portion is bent by pulling it with a wire by means of an
electrically-powered motor, and external force exerted on the
distal end of the inserted portion is estimated based on the
amount by which the wire is displaced and tension detected by
a tension sensor, the result of which is presented to an
operator (for example, see Patent Literatures 1 and 2).

With such an electrically-driven bending endoscope, the
operator inserts the inserted portion by means of electrical
power while checking an endoscope image displayed on a
monitor, until an affected portion appears in the endoscope
image.

{Citation List}
{Patent Literature}

{0003}
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{PTL 1} Publication of Japanese Patent No. 3549434
{PTL 2} Japanese Unexamined Patent Application, Publication
No. 2010-35768
{Summary of Invention}
{Technical Problem}
{0004}

However, in the case in which the inserted portion is
inserted into a soft organ, a portion of the inserted portion
closer to the proximal end thereof buckles in some cases, even
though the inserted portion is inserted in the longitudinal
direction. In this case, because the movement of the inserted
portion at the distal-end position is reduced, changes that
occur in the endoscope image are decreased, despite the
movement of the inserted portion being inserted.

{0005}

Also, in a case in which the operator is not skilled,
without being aware of such a situation, he/she may
additionally insert and retract the inserted portion in the
longitudinal direction in an attempt to continue searching for
the affected portion by changing the endoscope image.

However, 1if the inserted portion is inserted and retracted in
the longitudinal direction in this state, the buckled portion
of the inserted portion will be deformed even more, and there
is a problem in that the organ becomes greatly deformed due to

the deformed inserted portion pushing the soft organ.



WO 2014/123130 PCT/JP2014/052595

{0006}

The present invention has been conceived in light of the
above-described circumstances, and an object thereof is to
provide a robotic-assisted surgical system and a control
method thereof with which it is possible to prevent,
beforehand, the problem of an organ becoming greatly deformed
by an inserted portion, with an operator being unaware of this
situation.

{Solution to Problem}
{0007}

In order to achieve the above-described object, the
present invention provides the following solutions.

An aspect of the present invention provides a robotic-
assisted surgical system including a flexible inserted portion
that has an elongated shaft adapted to be inserted into a
body, and that is provided, at a distal end thereof, with an
image observation system, which acquires an image of a body
interior; a distal-end movement-amount detecting portion that
detects an amount of movement of the distal end of thev
inserted portion; an operating unit that is disposed outside
the body and that is operated by an operator; a driving
portion that drives the inserted portion at a proximal end
thereof in accordance with an operation signal input to the
operating unit; and a control portion that controls the

driving portion, wherein the control portion calculates a
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difference between the amount of movement of the distal end of
the inserted portion, detected by the distal-end movement-
amount detecting portion, and an amount of movement of the
proximal end of the inserted portion upon being moved by the
driving portion, and, in the case in which the difference is
greater than a predetermined threshold, notifies the operator
to that effect.
{0008}

With this aspect, when the flexible inserted portion is
inserted into the body and the operator operates the operating
unit, the driving portion is driven based on the operation
signal and the inserted portion is driven at the proximal end
thereof. When the inserted portion is driven and the distal
end is moved, the amount of movement of the distal end is
detected by the distal-end movement-amount detecting portion.
In this case, the difference between the detected amount of
movement of the distal end and the amount of movement of the
proximal end caused by the driving portion is calculated by
the control portion, and, in the case in which the difference
is greater than the predetermined threshold, the operator is
notified to that effect. By doing so, the operator can
confirm that the distal end is not being moved following the
movement of the proximal end regardless of the amount of
movement of the proximal end caused by the driving portion due

to some abnormality occurring at the inserted portion, and
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thus, it is possible to restrict the inserted portion from
being forcedly driven any further.
{0009}

In the above-described aspect, the distal-end movement-
amount detecting portion may calculate the amount of movement
of the distal end of the inserted portion by processing the
image of the body interior acquired by the image observation
system.

By doing so, the amount of movement of the distal end of
the inserted portion can be calculated based on the image of
the body interior acquired by the image observation system at
the distal end of the inserted portion, and thus, an
abnormality can be detected in a simple manner without
requiring a separate sensor or the like. When calculating the
amount of movement by means of image processing, an existing
technique, such as point detection, edge detection, optical
flow or the like, should be employed.

{0010}

In addition, in the above-described aspect, the distal-
end movement-amount detecting portion may set a portion in the
image having internal tissue with a characteristic shape as a
feature portion, and may calculate the amount of movement of
the distal end of the inserted portion based on an amount of
movement of the feature portion.

By doing so, because the portion having the internal
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tissue with the characteristic shape can easily be identified
in the image as the feature portion, the amount of movement of
the distal end can be detected with high precision.
{0011}

In addition, in the above-described aspect, the distal-
end movement-amount detecting portion may set a portion in the
image having internal tissue of a characteristic color as a
feature portion, and may calculate the amount of movement of
the distal end of the inserted portion based on an amount of
movement of the feature portion.

By doing so, because the portion having the internal
tissue with the characteristic color can easily be identified
in the image as the feature portion, the amount of movement of
the distal end can be detected with high precision.

{0012}

In addition, in the above-described aspect, the distal-
end movement-amount detecting portion may be provided with a
sensor that is attached to the distal end of the inserted
portion and that detects displacement, speed, or acceleration
of the distal end of the inserted portion.

By doing so, the displacement, speed, or acceleration of
the distal end of the inserted portion is detected by the
operation of the sensor, and thus, the amount of movement of
the distal end can directly be detected.

{0013}
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In addition, in the above-described aspect, the distal-
end movement-amount detecting portion may be provided with a
detection target that is attached to the distal end of the
inserted portion and an external sensor that is disposed
outside the body and that detects a displacement of the
detection target.

By doing so, the amount of ﬁovement of the detection
target attached to the distal end of the inserted portion can
directly be detected from outside the body by the external
sensor.

{0014}

In addition, in the above-described aspect, the control
portion may be provided with a notifying portion that, in the
case in which the difference is greater than the predetermined
threshold, notifies the operator to that effect by means of
audio, a display, light, or vibration.

By doing so, the operator can reliably recognize an
abnormality occurring at the inserted portion by means of
audio, a display, light, or vibration generated by the
notifying portion.

{0015}

In addition, in the above-described aspect, the control
portion may control the driving portion so that, in the case
in which the difference is greater than the predetermined

threshold, the movement of the inserted portion is restricted.
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By doing so, the control portion restricts the operation
of the inserted portion by the driving portion, and thus, it
is possible to reduce the burden on an organ or the like in
the body caused by the operator continuing the operation
further.

{0016}

In addition, in the above-described aspect, the control
portion may control the driving portion so that, in the case
in which the difference is greater than the predetermined
threshold, the speed of the inserted portion is decreased.

By doing so, because the speed at which the inserted
portion is moved by the driving portion is decreased by the
control portion, it is possible to suppress an abrupt large
deformation in an organ or the like in the body, even if the
operator operates the operating unit when the inserted portion
is in an abnormal state.

{0017}

In addition, in the above-described aspect, the control
portion may activate the notifying portion in the case in
which the difference is greater than a first predetermined
value, and may control the driving portion so that, in the
case in which the difference is greater than a second
predetermined value that is greater than the first
predetermined value, the movement of the inserted portion is

restricted.
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By doing so, it is possible to notify the operator about
an abnormal state of the inserted portion in the body in a
step-wise manner.

{0018}

In addition, the above-described aspect may be provided
with a force detecting portion that is provided at the distal
end of the inserted portion and that detects a contact
- pressure exerted on the internal tissue, wherein, in the case
in which the difference between‘the amount of movement of the
distal end of the inserted portion detected by the distal-end
movement-amount detecting portion and the amount of movement
of the proximal end of the inserted portion upon being moved
by the driving portion is greater than the predetermined
threshold, the control portion notifies the operator to that
effect, and also controls the driving portion so that the
movement of the inserted portion is restricted in the case in
which the contact pressure detected by the force detecting
portion falls outside of a presumed pressure range defined by
two thresholds set in advance.

{0019}

In addition, the above-described aspect provides a
robotic-assisted surgical system including a flexible inserted
portion that has an elongated shaft adapted to be inserted
into a body, and that is provided, at a distal end thereof,

with an image observation system, which acquires an image of a
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body interior; a distal-end movement-amount detecting portion
that detects an amount of movement of the distal end of the
inserted portion; a force detecting poftion that is provided
at the distal end of the inserted portion and that detects a
contact pressure exerted on the internal tissue; an operating
unit that is disposed outside the body and that is operated by
an operator; a driving portion that drives the inserted
portion at a proximal end thereof in accordance with an
operation signal input to the operating unit; and a control
portion that controls the driving portion, wherein the control
portion calculates a difference between the amount of movement
of the distal end of the inserted portion, detected by the
distal-end movement-amount detecting portion, and an amount of
movement of the proximal end of the inserted portion upon
being moved by the driving portion, and, in the case in which
the difference is greater than a predetermined movement-amount
threshold or in the case in which the contact pressure
detected by the force detecting portion is greater than a
predetermined force threshold, notifies the operator to that
effect.
{0020}

With this aspect, the operator is notified not only in
the case in which the amount of movement of the distal end of
the inserted portion detected by the distal-end movement-

amount detecting portion is extremely small with respect to
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the amount of movement of the proximal end thereof, but also
in the case in which the contact pressure exerted on the
internal tissue, which is detected by the'force detecting
portion provided at the distal end of the inserted portion, is
greater than the force threshold, and therefore, the operator
can more reliably recognize an abnormal state of the inserted
portion in the body.

{0021}

In addition, in the above-described aspect, the distal-
end movement-amount detecting portion may calculate the amount
of movement of the distal end of the inserted portion by
processing the image of the body interior acquired by the
image observation system.

In addition, in the above-described aspect, the control
portion may judge whether or not the image observation system
is operating in a close viewing field with respect to the
internal tissue by processing the image, and, in the case in
which a judgment indicating a close viewing field is obtained,
may notify the operator based on the contact pressure detected
by the force detecting portion.

{0022}

By doing so, in the case in which the image observation
system is operating in a close viewing field with respect to
the internal tissue, although it becomes difficult to

calculate the amount of movement of the distal end of the
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inserted portion by means of image processing, by detecting
the contact pressure, it is possible to allow the operator to
recognize an abnormal state of the inserted portion in the
body.
{0023}

In addition, another aspect of the present invention
provides a control method of a robotic-assisted surgical
system including driving a long, thin flexible inserted
portion that is inserted into a body and that acquires an
image of a body interior at a proximal end thereof; detecting
an amount of movement of a distal end of the inserted portion;
calculating a difference between the detected amount of
movement of the distal end of the inserted portion and an
amount of movement of the proximal end of the inserted
portion; and controlling driving of the inserted portion at
the proximal end thereof so as to, in the case in which the
difference is greater than a predetermined-threshold, notify
the operator to the effect.

{0024}

In the above-described aspect, the amount of movement of
the distal end of the inserted portion may be calculated by
processing the acquired image.

In addition, in the above-described aspect, control may
be performed so as to restrict the movement of the inserted

portion in the case in which the difference is greater than
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the predetermined threshold.
{Advantageous Effects of Invention}
{0025}

The present invention affords an advantage in that it is
possible to prevent, beforehand, the problem of an organ
becoming greatly deformed by an inserted portion, with an
operator being unaware of this situation.

{Brief Description of Drawings}

{0026}

{Fig. 1} Fig. 1 is a diagram showing the overall configuration
of a robotic-assisted surgical system according to an
embodiment of the present invention.

{Fig. 2} Fig. 2 is a block diagram showing the robotic-
assisted surgical system in Fig. 1.

{Fig. 3} Fig. 3 is a diagram showing an endoscope, which is a
component of the robotic-assisted surgical system in Fig. 1,
(a) in a state in which an inserted portion thereof is
inserted into the large intestine, (b) in a state in which the
inserted portion is advancing normally in the large intestine,
and (c) in a state in which the inserted portion is abnormally
bent in the large intestine.

{Fig. 4} Fig. 4 is a flowchart for explaining the operation of
the robotic-assisted surgical system in Fig. 1.

{Fig. 5} Fig. 5 is a diagram showing a state in which an

inserted portion of a first modification of the robotic-
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assisted surgical system in Fig. 1 is inserted into the large
intestine.
{Fig. 6} Fig. 6 is a diagram showing a state in which an
inserted portion of a second modification of the robotic-
assisted surgical system in Fig. 1 is inserted into the large
intestine.
{Fig. 7} Fig. 7 is a flowchart for explaining the operation of
a third modification of the robotic-assisted surgical system
in Fig. 1.
{Fig. 8} Fig. 8 is a perspective view showing a fourth
modification of the robotic-assisted surgical system in Fig.
1, in a state in which the distal end of an inserted portion
thereof is covered with a transparent cap.
{Fig. 9} Fig. 9 is a flowchart for explaining the operation of
the robotic-assisted surgical system in Fig. 8.
{Fig. 10} Fig. 10 is a diagram showing an endoscope, which is
a component of the robotic-assisted surgical system in Fig. 1,
in a state in which the inserted portion thereof is inserted
into the large intestine via an overtube.
{Description of Embodiment}
{0027}

A robotic-assisted surgical system 1 and a control method
thereof according to an embodiment of the present invention
will be described below with reference to the drawings.

As shown in Figs. 1 and 2, the robotic-assisted surgical
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system 1 according to this embodiment is an endoscope system
employing a master-slave system, and is provided with an
operating unit 2 that is operated by an operator 0O; an
endoscope 4 having a flexible inserted portion 3 that is
inserted into the body of a patient, for example, a soft organ
A (see Fig. 3) such as the large intestine or the like; a
driving portion 5 that drives the inserted portion 3 at the
proximal end thereof to achieve inserting movement of the
inserted portion 3 of the endoscope 4, bending movement at the
distal end of the inserted portion 3, twisting movement of the
inserted portion 3, and so forth; a control portion 6 that
controls the driving portion 5; and a display portion 7 that
displays an image acquired by the endoscope 4.
{0028}

As shown in Fig. 1, the operating unit 2 has a pair of
operation arms 22 and 23 attached to the operation table 21
and a footswitch 24 disposed on the floor.

The operation arms 22 and 23 have a multi-joint
structﬁre. The operation arm 22 is for performing bending
operation of a bending portion of the inserted portion 3, and
the operation arm 23 is for performing bending operation of a
manipulator (not shown) provided at the distal end of the
endoscope 4.

{0029}

As shown in Fig. 1, an assistant (not shown) lays a
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patient P down on a surgical table 30 disposed closer to the
operating unit 2 and performs appropriate procedures such as
sterilization, anesthesia, and so forth.

The operator O instructs the assistant to introduce the
inserted portion 3 into the large intestine from the anus of
the patient P. The operator O operates the operation arm 22
to appropriately bend the bending portion of the inserted
portion 3.

{0030}

As shown in Fig. 2, at the distal end of the elongated
shaft of the inserted portion 3, the endoscope 4 is provided
with an image observation system 8 for acquiring an image of
the body interior. The image acquired by the image
observation system 8 is transmitted to an image processing
portion 9 disposed in the control portion 6.

{0031}

In the example shown in Fig. 3(a), the driving portion 5
is provided with an actuator for propelling the inserted
portion 3 in the longitudinal direction. When the operator
performs an operation for propelling the inserted portion 3 in
the longitudinal direction at the operating unit 2, the
actuator is driven and the inserted portion 3 is moved forward
or backward in the longitudinal direction.

{0032}

The control portion 6 generates command signals for the
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driving portion 5 to drive the actuator based on operation
signals from the operating unit 2. Specifically, the control
portion 6 calculates the amount of movement achieved, in a
certain amount of time, by the proximal end of the inserted
portion 3 due to the actuator and outputs command signals with
which this amount of movement can be achieved to the driving
portion 5.
{0033}

In addition, upon receiving the image acquired by the
image observation system 8, the control portion 6 idéntifies
feature portions in the image by processing the image at the
image processing portion 9, calculates the amount of movement
of these feature portions in the certain amount of time, which
is the same as the amount of time described above, and
calculates the amount of movement of the distal end of the
inserted portion 3 in the certain amount of time based on the
amount of movement of these feature portions.

{0034}

In addition, the control portion 6 calculates a
difference between the calculated amount of movement of the
proximal end of the inserted portion 3 due to the driving
portion 5 and the amount of movement of the distal end of the
inserted portion 3 calculated by processing the image, and
compares the difference with a threshold.

Then, in the case in which the calculated difference is
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greater than the threshold, the control portion 6 restricts
driving of the inserted portion 3 by the driving portion 5.
Specifically, in the case in which the difference is greater
than the threshold, the control portion 6 stops driving by the
driving portion 5 in the direction that makes the inserted
portion 3 advance, regardless of the operation signals input
from the operating unit 2.

{0035}

A control method of the thus-configured rébotic~assisted
surgical system 1 according to this embodiment will be
described below with reference to the drawings.

In order to perform observation and treatment inside the
soft organ A, such as the large intestine, by employing the
robotic-assisted surgical system 1 according to this
embodiment, as shown in Fig. 4, the inserted portion 3 of the
endoscope 4 is disposed in a state in which it is inserted
into the organ A, and the operator operates the operating unit
2 (Step S1).

{0036}

When the operating unit 2 is operated, the operation
signals are output to the control portion 6 from the operating
unit 2, and the command signals for moving the inserted
portion 3 by the actuator of the driving portion 5 are
generated at the control portion 6. By doing so, the actuator

of the driving portion 5 is driven, thus moving the inserted
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portion 3 in accordance with the command signals (Step S2).
When generating the command signals, the control portion 6
calculates the amount of movement achieved, in the certain
amount of time, by the proximal end of the inserted portion 3
in accordance with the command signals (Step S3).

{0037}

In addition, the control portion 6 receives the image
transmitted thereto from the image observation system 8 of the
inserted portion 3 and performs image processing thereof at
the image processing portion 9 (Step S4).

The image processing portion 9 identifies the feature
portions in the image and calculates thé amount of movement of
the feature portions in the certain amount of time, which is
the same as the amount of time described above for which the
amount of movement of the proximal end is‘calculated, by
generating, for example, an optical flow. An optical flow
indicates, by means of vectors, directions in which the
plurality of feature portions have moved between two or more
images acquired at time intervals.

Then, the control portion 6 calculates the amount of
movement of the distal end of the inserted portion 3 in the
longitudinél direction as a value proportional to the sum of
the vectors constituting the optical flow generated by the
image processing portion 9 or the variance thereof (Step S5).

{0038}
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In addition, the control portion 6 calculates the
difference between the amount of movement of the proximal end
of the inserted portion 3 and the amount of movement of the
distal end thereof, which are calculated as described above
(Step S6), and judges whether or not the calculated difference
is greater than the threshold (Step S7).

When the difference is equal to or less than the
threshold, the operating state can be judged to be normal,
where the distal end is moving so as to follow the movement at
the proximal end of the inserted portion 3, as shown in Fig.
3(b), and the processes from Step S1 are repeated.

{0039}

On the other hand, when the difference is greater than
the threshold, the distal end is not moving regardless of the
movement at the proximal end of the inserted portion 3, for
example, as shown in Fig. 3(c), and thus, the inserted portion
.3 can be judged to be in the process of moving into an
abnormal‘operating state in the organ A. Therefore, the
control portion 6 stops the driving by the driving portion 5
in the direction that makes the inserted portion 3 advance,
regardless of the operation signals input from the operating
unit 2 (Step S8).

By doing so, it is possible to effectively prevent the
problem of the organ A becoming deformed due to an increase in

the degree of abnormality in the operating state of the
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inserted portion 3 in the organ A.
{0040}

As described above, the robotic-assisted surgical system
1 and the control method thereof according to this embodiment
afford an advantage in that, because the amount of movement of
the distal end of the inserted portion 3 is calculated by
applying image processing to the image acquired by the image
observation system 8 of the endoscope 4, it is not necessary
to provide any other special sensor, and it is possible to
detect an abnormal operating state of the inserted portion 3
in the organ A in a simple manner.

{0041}

Note that, in this embodiment, although the case in which
the inserted portion 3 is moved in the longitudinal direction
has been described as an example, the abnormal operating state
may also be detected in a similar manner in the case in which
the bending portion of the distal end of the inserted portion
3 is bent and the case in which the inserted portion 3 is made
to perform twisting movement about the longitudinal axis
thereof.

{0042}

In the case when the bending portion is bent, because the
generated optical flow will indicate parallel vectors directed
in one direction, the average value thereof can be used as the

amount of movement of the distal end.
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In addition, in the case when the inserted portion 3 is
twisted, because the generated optical flow will indicate
spiraling vectors, vorticity or circulation is determined for
the individual vectors by performing surface integration
thereof, and the amount of movement of the distal end can be
calculated as a value proportional thereto.

{0043}

In addition, in the case in which the distal end is
rotated despite a movement in the longitudinal axial
direction, the distinguishing between the movement in the
longitudinal axial direction and the rotation can be performed
by comparing the vorticities or calculating the sum of vectors
by focusing only on half of a screen. The case in which
circulation of a vortex is greater than a predetermined value
can be distinguished, as rotation, from the case in which
circulation of a vortex is less than the predetermined value,
which indicates a movement in the longitudinal axial
direction. In addition, the case in which the sum of vectors
in half of the screen is zero can be distinguished, as a
movement in the longitudinal direction, from the case in which
the sum of vectors in half of the screen is not zero, which
indicates a rotational movement.

{0044}
In addition, as the feature portions to be identified

when performing image processing, although it suffices to use
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edges in an image, it is also effective to identify, as the
feature portions, portions having characteristic shapes, such
as a tumor, the tubular structure or the folded (haustra)
structure of the large intestine A. In this case, image
processing should be set to preferentially identify the above-
described characteristic shapes.
{0045}

In addition, it is also effective to identify portions
having a characteristic color as the feature portions. For
example, by setting the color of a local injection or the like
in advance, portions having that color can preferentially be
identified as the feature portions when performing image
processing.

{0046}

In addition, with this embodiment, although the forward
movement of the inserted portion 3 in the longitudinal
direction caused by the driving portion 5 is stopped when the
difference between the amounts of movement of the distal end
and the proximal end of the inserted portion 3 becomes greater
than the threshold, alternatively, the speed of movement in
that direction may be decreased. In addition, instead of
restricting the movement caused by the driving portion 5 or in
addition thereto, a notifying portion that notifies the
operator that the threshold is exceeded may be provided.

As the notifying portion, it is possible to employ an
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arbitrary method, whereby the notification is issued by means
of audio, light, vibration, or displaying something on the
display portion 7.
{0047}

In addition, with this embodiment, although the amount of
movement of the distal end of the inserted portion 3 is
calculated by processing an image of the body interior
acquired by the image observation system 8 of the endoscope 4,
alternatively, as shown in Fig. 5, a sensor 10, such as an
acceleration sensor, a gyro sensor, or an infrared distance
sensor, that can calculate the amount of movement of the
distal end of the inserted portion 3 based on a detection
result may be provided at the distal end of the inserted
portion 3.

{0048}

In addition, as shown in Fig. 6, a detection target 11,
such as a magnetic object or the like, may be fixedlto the
distal end of the inserted portion 3, and an amount of
movement of the detection target 11 may be directly measured
by means of a magnetometer (external sensor) 12 disposed
outside the body. Note that the positions of the magnetometer
12 and the magnetic object 11 may be exchanged with each
other. An X-ray opaque body may be employed instead of the
magnetic object 11, and an X-ray imaging device may be

employed instead of the magnetometer 12.
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{0049}

In addition, with this embodiment, although the movement
of the inserted portion 3 caused by the driving portion 5 is
always restricted when the difference between the amount of
movement of the distal end of the inserted portion 3 and the
amount of movement of the proximal end thereof exceeds the
predetermined threshold, alternatively, in the above-described
situation, it is also possible to switch between a mode in
which the movement of the inserted portion 3 is restricted and
a mode in which such a restriction is not applied. By doing
so, an advantage is afforded in that, by using the non-
restrictive mode in the case in which it is clear that the
organ A will not be deformed, the operability can be enhanced.
{0050}

In addition, with this embodiment, in addition to
detecting the amount of movement of the distal end of the
inserted portion 3, by disposing a force sensor 13 at the
distal end of the inserted portion 3, the control portion 6
may restrict the operation of the driving portion 5 based on
either the case in which the difference in the amounts of
movement becomes greater than the threshold or the case in
which contact pressure detected by the force sensor 13 becomes
greater than a threshold. By doing so, it is possible to more
reliably make the operator recognize an abnormal state of the

inserted portion 3 in the body, even in the case in which one
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of the detection methods is not satisfactorily performed.
{0051}

In addition, the control portion 6 may change the
restriction on the operation of the driving portion 5 in a
step-wise manner between the case in which the difference in
the amounts of movement has become greater than the threshold
and the case in which the contact pressure detected by the
force sensor 13 has become greater than the threshold.
Alternatively, the control portion 6 may restrict the
operation of the driving portion 5 only in the case in which
the difference in the amounts of movement has become greater
than the threshold and the contact pressure detected by the
force sensor 13 has also become greater than the threshold.
{0052}

In addition, for example, when performing observation or
the like of the large intestine, in some cases, the distal end
of the endoscope 4 is covered with a transparent cap 15 and
the inserted portion 3 is inserted while pressing this cap 15
against an inner wall of the large intestine (see Fig. 8). In
this case, although the amount of movement of the distal end
is decreased regardless of the amount of movement of the
proximal end of the inserted portion 3, thus increasing the
difference therebetween, it would be problematic if the
operation of the driving portion 5 were restricted because of

this.
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{0053}

Therefore, two levels of thresholds (a threshold XA and a
threshold XB, where XA<XB) may be provided to make a judgment
regarding the contact pressure detected by the force sensor
13. The control method for the robotic-assisted surgical
system 1 according to this embodiment employed in this case
will be described below with reference to Fig. 9, in which
processes up to Step S8 are the same as those described above.
{0054}

Thus, in the case in which the difference between the
amount of movement of the proximal end and the amount of
movement of the distal end of the inserted portion 1is large,
it is assumed that an abnormal state may possibly be
occurring, and a notification is issued to the operator, and,
subsequently, a distal-end contact pressure X 1is acquired from
the force sensor 13 attached to the distal end (Step S12). 1In
the case in which the contact pressure does not reach the
smaller threshold XA, as presumed in the case in which the
transparent cap 15 is pressed against the inner wall during
insertion, as described above, it is assumed that the force
may possibly be exerted on the organ A in an intermediate
pathway for the inserted portion 3 because a presumed amount
of force is ndt exerted on the transparent cap 15 at the
distal end, and a notification to that effect may be issued,

or the operation of the driving portion 5 may be restricted.
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{0055}

In the case in which the contact pressure X detected by
the force sensor 13 exceeds the threshold XB for the pressure
that is allowed to be exerted on the organ A, it is assumed
that the transparent cap 15 may possibly be excessively
pressed against the organ, and a notification to that effect
may be issued or the operation of the driving portion 5 may be
restricted. Specifically, options may be set based on the
contact pressure X at the distal end (Step S13), the case in
which XA<X<XB may be assumed to be within a presumed range,
thus confirming normal operation, and, 1in cases other than
that, a notification may be issued to the operator or the
driving of the driving portion may be stopped (Step S14).
{0056}

In addition, although the amount of movement of the
distal end of the inserted portion 3 in a normal state is
calculated by processing the image acquired by the image
observation system 8, in the case in which it is difficult to
calculate the amount of movement by means of image processing
because the image observation system 8 is operating in a close
viewing field, for example, in the case in which the image
observation system 8 comes close to or comes into contact with
internal tissue, making the entire image red or the like, the
image observation system 8 may be judged to be operating in a

close viewing field, and the operation may be switched so as
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to restrict the operation of the driving portion 5 based on
the contact pressure detected by the force sensor 13.
{0057}

Also, in addition to calculating the amount of movement
of the distal end of the inserted portion 3 by performing
image processing, the amount of movement of the distal end of
the inserted portion 3 may be calculated at the same time by
using another sensor 10, and the control portion 6 may
restrict the operation of the driving portion 5 when the
difference between at least one of the amounts of movement and
the amount of movement of the proximal end of the inserted
portion 3 becomes greater than the threshold. In this way
also, it is possible to more reliably make the operator
recognize an abnormal state of the inserted portion 3 in the
body, even in the case in which one of the detection methods
is not satisfactorily performed.

{0058}

In addition, with this embodiment, although whether or
not to restrict the operation of the driving portion 5 is
determined based on one threshold, alternatively, this
switching may be performed in a step-wise manner based on a
plurality of thresholds. For example, as shown in Fig. 7,
when the difference in the amounts of movement exceeds a first
predetermined value (Step S9), this situation may be notified

to the operator by displaying something or the like (Step
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S10), and, when the difference in the amounts of movement
exceeds a second predetermined value that is greater than the
first predetermined value (Step S11), the movement of the
inserted portion 3 caused by the driving portion 5 may be
restricted.

{0059}

In addition, although cases in which the inserted portion
3 of the endoscope 4 is directly inserted into the organ A,
such as the large intestine or the like, have been described
in this embodiment, alternatively, as shown in Fig. 10, the
present invention may be similarly applied to a case in which
an overtube 14 is inserted into the organ A, and the inserted
portion 3 of the endoscope 4 is inserted into the overtube 14.
By doing so, the inserted portion 3 bends together with the
overtube 14, and it is possible to prevent the organ A or the
like from being subjected to an excessive burden.

{0060}

In addition, with this embodiment, although the state of
the inserted portion is judged based on a simple difference
between the amount of movement at the distal end of the
inserted portion 3 and the amount of movement at the proximal
end of the inserted portion 3 in a certain amount of time,
alternatively, the judgment may be made based on a difference
between the amount of movement of the proximal end of the

inserted portion 3 and a value obtained by multiplying the
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amount of movement of the distal end of the inserted portion,

wh

Th

po

th

na

ich is obtained by means of image processing, by a constant.
e amount of movement of the distal end of the inserted

rtion 3 and the amount of movement of the proximal end

ereof may be integrals for a certain amount of time or they

y be integrals from the time at which driving was started.

{Reference Signs List}

{0
1

2

9

061}

robotic-assisted surgical system
operating unit

inserted portion

driving portion

control portion

display portion (notifying portion)
image observation system

image processing portion (distal-end movement-amount

detecting portion)

10

11

12

13

sensor
detection target
magnetometer (external sensor)

force sensor (force detecting portion)
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{CLAIMS}

{Claim 1}
A robotic-assisted surgical system comprising:

a flexible inserted portion that has an elongated shaft
adapted to be inserted into a body, and that is provided, at a
distal end thereof, with an image observation system, which
acquires an image of a body interior;

a distal-end movement-amount detecting portion that
detects an amount of movement of the distal end of the
inserted portion;

an operating unit that is disposed outside the body and
that is operated by an operator;

a driving portion that drives the inserted portion at a
proximal end thereof in accordance with an operation signal
input to the operating unit; and

a control portion that controls the driving portion,

wherein the control portion calculates a difference
between the amount of movement of the distal end of the
inserted portion, detected by the distal-end movement-amount
detecting portion, and an amount of movement of the proximal
end of the inserted portion upon being moved by the driving
portion, and, in the case in which the difference is gréater
than a predetermined threshold, notifies the operator to that

effect.
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{Claim 2}

The robotic-assisted surgical system according to Claim 1,
wherein the distal-end movement-amount detecting portion
calculates the amount of movement of the distal end of the
inserted portion by processing the image of the body interior

acquired by the image observation system.

{Claim 3}

The rdbotic—assisted surgical system according to Claim 2,
wherein the distal-end movement-amount detecting portion sets
a portion in the image having internal tissue with a
characteristic shape as a feature portion, and calculates the
amount of movement of the distal end of the inserted portion

based on an amount of movement of the feature portion.

{Claim 4}

The robotic-assisted surgical system according to Claim 2,
wheréin the distal-end movement-amount detecting portion sets
a portion in the image having internal tissue of a
characteristic color as a feature portion( and calculates the .
amount of movement of the distal end of the inserted portion

based on an amount of movement of the feature portion.

{Claim 5}



WO 2014/123130 PCT/JP2014/052595

34
The robotic-assisted surgical system according to any one of
Claims 1 to 4, wherein the distal-end movement-amount
detecting portion is provided with a sensor that is attachedq
to the distal end of the inserted portion and that detects
displacement, speed, or acceleration of the distal end of the

inserted portion.

{Claim 6}

The robotic-assisted surgical system according to any one of
Claims 1 to 4, wherein the distal-end movement-amount
detecting portion is provided with a detection target that 1is
attached to the distal end of the inserted portion and an
external sensor that is disposed outside the body and that

detects a displacement of the detection target.

{Claim 7}

The robotic-assisted surgical system according to any one of
Claims 1 to 6, wherein the control portion is provided with a
notifying portion that, in the case in which the difference is
greater than the predetermined threshold, notifies the
operator to that effect by means of audio, a display, light,

or vibration.

{Claim 8}

The robotic-assisted surgical system according to any one of
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Claims 1 to 6, wherein the control portion controls the
driving portion so that, in the case in which the difference
is greater than the predetermined threshold, the movement of

the inserted portion is restricted.

{Claim 9}

The robotic-assisted surgical system according Claim 8,
wherein the control portion controls the driving portion so
that, in the case in which the difference is greater than the
predetermined threshold, the speed of the inserted portion is

decreased.

{Claim 10}

The robotic-assisted surgical system according to Claim 7,
wherein the control portion activates the notifying portion in
the case in which the difference is greater than a first
predetermined value, and controls the driving portion so that,
in the case in which the difference is greater than a second
predetermined value that is greater than the first
predetermined value, the movement of the inserted portion is

restricted.

{Claim 11}
The robotic-assisted surgical system according to any one of

Claims 1 to 6, further comprising:
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a force detecting portion that is provided at the distal
end of the inserted portion and that detects a contact
pressure exerted on the intefnal tissue,

wherein, in the case in which the difference between the
amount of movement of the distal end of the inserted portion
detected by the distal-end movement-amount detecting portion
and the amount of movement of the proximal end of the inserted
portion upon being moved by the driving portion is greater
than the predetermined threshold, the control portion notifies
the operator to that effect, and also controls the driving
portion so that the movement of the inserted portion is
restricted in the case in which the contact pressure detected
by the force detecting portion falls outside of a presumed

pressure range defined by two thresholds set in advance.

{Claim 12}
A robotic-assisted surgical system comprising:

a flexible inserted portion that has an elongated shaft
adapted to be inserted into a body, and that is provided, at a
distal end thereof, with an image observation system, which
acquires an image of a body interior;

a distal-end movement-amount detecting portion that
detects an amount of movement of the distal end of the
inserted portion;

a force detecting portion that is provided at the distal
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end of the inserted portion and that detects a contact
pressure exerted on the internal tissue;

an operating unit that is disposed outside the body and
that is operated by an operator;

a driving portion that drives the inserted portion at a
proximal end thereof in accordance with an operation signal
input to the operating unit; and

a control portion that controls the driving portion,

wherein the control portion calculates a difference
between the amount of movement of the distal end of the
inserted portion, detected by the distal-end movement-amount
detecting portion, and an amount of movement of the proximal
end of the inserted portion upon being moved by the driving
portion, and, in the case in which the difference is greater
than a predetermined movement-amount threshold or in the case
in which the contact pressure detected by the force detecting
portion is greater than a predetermined force threshold,

notifies the operator to that effect.

{Claim 13}

The robotic-assisted surgical system according to Claim 12,
wherein the distal-end movement-amount detecting portion
calculates the amount of movement of the distal end of the
inserted portion by processing the image of the body interior

acquired by the image observation system.
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{Claim 14}

The robotic-assisted surgical system according to Claim 13,
wherein the control portion judges whether or not the image
observation system is operating in a close viewing field with
respect to the internal tissue by processing the image, and,
in the case in which a judgment indicating a close viewing
field is obtained, notifies the operator based on the contact

pressure detected by the force detecting portion.

{Claim 15}
A control method of a robotic-assisted surgical system
comprising:

driving a long, thin fiexible inserted portion that is
inserted into a body and that acquires an image of a body
interior at a proximal end thereof;

detecting an amount of movement of a distal end of the
inserted portion;

calculating a difference between the detected amount of
movement of the distal end of the inserted portion and an
amount of movement of the proximal end of the inserted
portion; and

controlling driving of the inserted portion at the
proximal end thereof so as to, in the case in which the

difference is greater than a predetermined threshold, notify
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the operator to the effect.

{Claim 16}

The control method of a robotic-assisted surgical system
according to Claim 15, wherein the amount of movement of the
distal end of the inserted portion is calculated by processing

the acquired image.

{Claim 17}

‘The control method of a robotic-assisted surgical system
according to Claim 15 or 16, wherein control is performed so
as to restrict the movement of the inserted portion in the
case in which the difference is greater than the predetermined

threshold.
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