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Description

Title of Invention: SURGICAL CONTROL DEVICE, CONTROL
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[0007]

METHOD, AND IMAGING CONTROL SYSTEM
Technical Field

The present disclosure relates to a surgical control device, a control method, and an
imaging control system, and particularly to a surgical control device, a control method,
and an imaging control system by which a focused image with an imaging angle
intended by a surgeon can be obtained.

<CROSS REFERENCE TO RELATED APPLICATIONS>

This application claims the benefit of Japanese Priority Patent Application JP
2014-071169 filed on March 31, 2014, the entire contents of which are incorporated

herein by reference.

Background Art

In recent years, a medical observation system has been proposed, in which a point
locking point is set independently from the setting of a focus position based on the
measured data of the three dimensional shape of a portion to be observed (refer to PTL
D).

In addition, in a general surgical endoscopic observation, an endoscopist other than a
surgeon moves the position of an endoscope in order to obtain a focused image of an
observation target. Accordingly, the intentions of the surgeon and the operator of the
endoscope sometimes do not match, and thus, there are cases where it is difficult to
obtain a focused image of the observation target intended by the surgeon. A case where
the surgeon directly operates the endoscope can be considered. However, in this case,
the surgeon has to release the surgical instrument such as forceps held with both hands
of the surgeon during operation, and thus, the surgical operation efficiency dete-

riorates.
Citation List
Patent Literature
PTL 1: Japanese Unexamined Patent Application Publication No. 2013-180185
Summary of Invention
Technical Problem
Not only is an imaging target but also an imaging angle is important for a surgeon,
and it is desirable for the surgeon to obtain a focused image with an imaging angle

intended by the surgeon.

The present disclosure is to provide an imaging control system by which a focused
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image with the imaging angle intended by the surgeon can be obtained.
Solution to Problem

A surgical control device according to a first embodiment of the present disclosure
includes: circuitry configured to change an imaging viewpoint of a surgical imaging
device in order to maintain a substantially constant distance between a focal point of an
object and the surgical imaging device that images the object, based on a first in-
struction of a user and position information acquired by an acquisition unit im-
plemented by circuitry configured to acquire position information indicating a position
of the focal point of the object.

A control method according to a first embodiment of the present disclosure
correspond to the control device according to the first embodiment of the present
disclosure.

According to the first embodiment of the present disclosure, the position information
indicating the position of the focal point of the object is acquired, and imaging
viewpoint of a surgical imaging device is changed in order to maintain a substantially
constant distance between a focal point of an object and the surgical imaging device
that images the object based on the first movement of the user and the position in-
formation.

An imaging control system according to a second embodiment of the present
disclosure includes: an surgical imaging device that images an object, and a control
device. The control device includes: circuitry configured to change an imaging
viewpoint of a surgical imaging device in order to maintain a substantially constant
distance between a focal point of an object and the surgical imaging device that images
the object, based on an instruction of a user and position information acquired by an
acquisition unit implemented by circuitry configured to acquire position information
indicating a position of the focal point of the object.

According to the second embodiment of the present disclosure, the surgical imaging
device images the object, the control device acquires the position information in-
dicating the position of the focal point of the object, and changes the imaging
viewpoint of a surgical imaging device in order to maintain a substantially constant
distance between a focal point of an object and the surgical imaging device that images
the object based on the first movement of the user and the position information.
Advantageous Effects of Invention

According to the first and second embodiments of the present disclosure, it is
possible to control the imaging. In addition, according to the first and second em-
bodiments of the present disclosure, it is possible to obtain a focused image with an

imaging angle intended by a surgeon.
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The effects described here are not necessarily limited, but any effects described in the
present disclosure may be advantageous.
Brief Description of Drawings
[fig.1]Fig. 1 is a diagram explaining an overview of a medical observation system in a
first embodiment as an imaging control system to which the present disclosure is
applied.
[fig.2]Fig. 2 is a block diagram illustrating a configuration example of the medical ob-
servation system in Fig. 1.
[fig.3]Fig. 3 is a diagram illustrating an example of a gazing point.
[fig.4]Fig. 4 is a diagram illustrating an example of a head movement of a surgeon
when an imaging angle is changed.
[fig.5]Fig. 5 is a diagram illustrating an example of a head movement of a surgeon
when an imaging angle is changed.
[fig.6]Fig. 6 is a diagram illustrating an example of a relationship between the head
movement of the surgeon and the imaging angle.
[fig.7]Fig. 7 is a diagram explaining a movement of a video microscope.
[fig.8]Fig. 8 is a diagram illustrating an example of a temporal change of an angular
velocity of the head turning and the imaging angle.
[fig.9]Fig. 9 is a flow chart explaining imaging angle control processing of the medical
observation system in Fig. 1.
[fig.10]Fig. 10 is a diagram illustrating another example of a temporal change of an
angular velocity of the head turning and the imaging angle.
[fig.11]Fig. 11 is a block diagram illustrating a configuration example of a medical ob-
servation system in a second embodiment as the imaging control system to which the
present disclosure is applied.
[fig.12]Fig. 12 is a block diagram illustrating a configuration example of a medical ob-
servation system in a third embodiment as the imaging control system to which the
present disclosure is applied.
[fig.13]Fig. 13 is a diagram illustrating a head movement of the surgeon when an
imaging magnification is changed.
[fig.14]Fig. 14 is a diagram illustrating an example of a temporal change of an angular
velocity of the head turning and the imaging magnification.
[fig.15]Fig. 15 is a flow chart explaining imaging magnification control processing of
the medical observation system in Fig. 12.
[fig.16]Fig. 16 is a block diagram illustrating an example of a hardware configuration

of a computer.

Description of Embodiments
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Hereinafter, a premise of the present disclosure and the embodiments of the present
disclosure (hereafter, referred to as an embodiment) will be described. The description
will be performed in the following order.

1. First embodiment: image processing device (Figs. 1 to 10D)

2. Second embodiment: image processing system (Fig. 11)

3. Third embodiment: image processing system (Figs. 12 to 15)

4. Fourth embodiment: computer (Fig. 16)

<First embodiment>

(Description of an overview of a medical observation system)

Fig. 1 is a diagram explaining an overview of a medical observation system in a first
embodiment as an imaging control system to which the present disclosure is applied.

A medical observation system 10 is configured to include a head mount display 11,
an electric arm 12, and a video microscope 13. A surgeon 20 as a user changes an
imaging angle of the video microscope 13 by wearing the head mount display 11,
looking at an image imaged by the video microscope 13 for surgical operation and
displayed on the head mount display 11, and tilting the head vertically or horizontally.

Specifically, the head mount display 11 of the medical observation system 10
displays the image transmitted from the video microscope 13, in which an observation
target 22 of a patient 21 is imaged as an object. At this time, the head mount display 11
detects a line-of-sight of the surgeon 20, and transmits gazing point position in-
formation that indicates a two-dimensional position of a gazing point of the surgeon 20
in the imaged image displayed, to the video microscope 13. In addition, the head
mount display 11 (detection device) detects an angular velocity that indicates a vertical
and horizontal head movement of the surgeon 20, and transmits the detection result to
the electric arm 12.

The electric arm 12 holds the video microscope 13 so as to be able to freely move
and turn in the three dimensional directions. The electric arm 12 changes the three di-
mensional position of the video microscope 13 according to the operation of the
surgeon or an endoscopist. For example, the surgeon or an endoscopist manually
changes the three dimensional position of the video microscope 13 such that the ob-
servation target 22 is imaged by the video microscope 13 by moving the electric arm
12.

In addition, the electric arm 12 acquires distance information transmitted from the
video microscope 13, which indicates a distance from the video microscope 13 to the
object in the focus area. The electric arm 12 acquires focus area information (position
information) that indicates a three dimensional position of the object in the focus area
based on the distance information and arm angle information of the electric arm 12.

The electric arm 12 acquires the detection result (angular velocity) transmitted from



WO 2015/151447 PCT/JP2015/001585

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

the head mount display 11. The electric arm 12 changes the imaging angle of the video
microscope 13 without changing the distance between the video microscope 13 and the
gazing point, based on the acquired detection result and the focus area information.

At the time of starting the imaging, the video microscope 13 (imaging device) takes a
predetermined area such as a center area in the imaged image as the focus area, and
performs the imaging so as to focus on the focus area. In addition, the video mi-
croscope 13, in a case of a time other than starting the imaging, takes the position
indicated by the gazing point position information transmitted from the head mount
display 11 as the focus area, and performs the imaging so as to focus on the focus area.

The video microscope 13 transmits the imaged image obtained as result of imaging
to the head mount display 11. In addition, the video microscope 13 detects the distance
from the video microscope 13 to the object in the focus area, and transmits the distance
information indicating the distance to the electric arm 12.

(Configuration example of the medical observation system)

Fig. 2 is a block diagram illustrating a configuration example of the medical ob-
servation system 10 in Fig. 1.

As illustrated in Fig. 2, the head mount display 11 includes a display unit 31, a line-
of-sight detection unit 32, and a gyro sensor 33.

The display unit 31 of the head mount display 11 displays the imaged image
transmitted from the video microscope 13. The line-of-sight detection unit 32, for
example, is configured with an infrared light source and an infrared camera, and
detects the line-of-sight of the surgeon 20 from the infrared image of a pupil of the
surgeon 20. The line-of-sight detection unit 32 generates the gazing point position in-
formation with the point in the imaged image displayed, to which the surgeon 20 gazes
as the gazing point, based on the detection result. The line-of-sight detection unit 32
transmits the gazing point position information to the video microscope 13.

The gyro sensor 33 (movement detection unit) is a biaxial gyro sensor, and detects
the angular velocity of the vertical and horizontal head turning of the surgeon 20. The
gyro sensor 33 transmits the detection result to the electric arm 12.

Here, the head mount display 11 includes the gyro sensor 33 in order to detect the
head movement of the surgeon 20, but may include any device other than the gyro
sensor 33 as long as the device is capable of detecting the head movement. For
example, the head mount display 11 can include a camera that images the operation
site instead of the gyro sensor 33, and can detect the head movement of the surgeon 20
from the movement of the imaged image. In addition, in the medical observation
system 10, a fixed camera that images the head of the surgeon 20 may be installed at
the outside of the head mount display 11, and the head movement of the surgeon 20

may be detected based on the imaged image.
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The electric arm 12 (control device) includes an acquisition unit 41, a control unit 42,
and an arm mechanism 43.

The acquisition unit 41 of the electric arm 12 acquires the distance information
transmitted from the video microscope 13. In addition, the acquisition unit 41 acquires
arm angle information that indicates an angle of the arm mechanism 43 from the arm
mechanism 43. The acquisition unit 41 acquires the focus area information based on
the distance information and the arm angle information, and supplies the focus area in-
formation to the control unit 42.

The control unit 42 acquires the detection result transmitted from the gyro sensor 33.
The control unit 42 controls the arm mechanism 43 so as to change the imaging angle
of the video microscope 13 without changing the distance between the video mi-
croscope 13 and the gazing point, based on the acquired detection result and the focus
area information supplied from the acquisition unit 41. That is, the control unit 42
controls the arm mechanism 43 such that the video microscope 13 turns with the
position indicated by the focus area information as the center position of turning.

The arm mechanism 43 (holding unit) holds the video microscope 13 so as to freely
move and turn in the three dimensional directions. The arm mechanism 43 changes the
imaging angle of the video microscope 13 by causing the video microscope 13 to move
and to turn based on the control from the control unit 42. In addition, the arm
mechanism 43 causes the video microscope 13 to move to an arbitrary three di-
mensional position according to the operation of the surgeon 20 and the endoscopist.

The video microscope 13 (imaging device) includes an imaging unit 51 and an AF
control unit 52.

The imaging unit 51 of the video microscope 13 performs the imaging based on the
focus control of the AF control unit 52, and transmits the imaged image obtained as a
result of imaging to the head mount display 11.

The AF control unit 52, when the imaging starts, sets the predetermined area such as
the center area of the imaged image as the focus area. In addition, in a case of the time
other than starting imaging, the AF control unit 52 sets the position indicated by the
gazing point information transmitted from the head mount display 11 as the focus area.

The AF control unit 52 controls the focusing of the imaging unit 51 such that the
image focuses on the focus area by a detection method such as a contrast detection
system or a phase difference detection system. In association with this, the AF control
unit 52 detects the distance between the video microscope 13 and the object in the
focus area, and transmits the distance information indicating the detected distance to
the electric arm 12.

(Example of gazing point)

Fig. 3 is a diagram illustrating an example of the gazing point. As illustrated in Fig.
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3, the line-of-sight detection unit 32 detects a line-of-sight 61 of the surgeon 20 from
an infrared image 60 of the pupil of the surgeon 20. The line-of-sight detection unit 32
determines the position of an imaged image displayed in the observation target 22 cor-
responding to the line-of-sight 61 of the surgeon 20 as the gazing point 62 based on the
detection result.

(Example of the head movement of the surgeon)

Fig. 4 and Fig. 5 are diagrams illustrating examples of a head movement of a surgeon
20 when an imaging angle of the video microscope 13 is changed.

As illustrated in Fig. 4, the surgeon 20, when the imaging angle of the video mi-
croscope 13 is changed, in a state in which the head mount display 11 is mounted,
turns his / her head in a horizontal direction, or turns his / her head in a vertical
direction as illustrated in Fig. 5. In addition, the surgeon 20 may turn the head in a
horizontal direction and in a vertical direction at the same time.

The angular velocity of the head of the surgeon 20 in the horizontal direction and the
angular velocity in the vertical direction are detected by the gyro sensor 33.

(Example of a relationship between the head movement of the surgeon and the
imaging angle)

Fig. 6 is a diagram illustrating an example of a relationship between the head
movement of the surgeon 20 and the imaging angle, and is a diagram of the surgeon 20
wearing the head mount display 11 and the video microscope 13, viewed from the top.

As illustrated in Fig. 6, when the surgeon 20 wearing the head mount display 11
looks at the gazing point and turns his / her head in the left direction, the video mi-
croscope 13 turns in the right direction with the gazing point as the center. As a result,
the imaging unit 51 of the video microscope 13 images the gazing point from the right
direction.

On the other hand, when the surgeon 20 wearing the head mount display 11 looks at
the gazing point and turns his / her head in the right direction, the video microscope 13
turns in the left direction with the gazing point as the center. As a result, the imaging
unit 51 of the video microscope 13 images the gazing point from the left direction.

In addition, when the surgeon 20 wearing the head mount display 11 looks at the
gazing point and turns his / her head in the upward direction, the video microscope 13
turns in the downward direction with the gazing point as the center. As a result, the
imaging unit 51 of the video microscope 13 images the gazing point from the
downward direction.

On the other hand, when the surgeon 20 wearing the head mount display 11 looks at
the gazing point and turns his / her head in the downward direction, the video mi-
croscope 13 turns in the upward direction with the gazing point as the center. As a

result, the imaging unit 51 of the video microscope 13 images the gazing point from
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the upward direction.

The relationship between the head movement of the surgeon 20 and the imaging
angle is not limited to the example in Fig. 6. For example, the direction of the head
turning of the surgeon 20 may be the same as the direction of turning of the video mi-
croscope 13.

(Description of a movement of the video microscope)

Fig. 7 is a diagram explaining a movement of a video microscope 13 according to the
head movement of the surgeon 20.

As illustrated in Fig. 7, the video microscope 13 turns by the arm mechanism 43 of
the electric arm 12 with the gazing point 62 of the observation target 22 as the center
according to the head movement of the surgeon 20. In this way, the distance d between
the lower surface of the video microscope 13 and the gazing point 62 becomes constant
regardless of the movement of the video microscope 13. As aresult, even in a case
where the imaging angle is changed, it is possible to maintain the focused state.

(Example of a temporal change of the angular velocity of the head and the imaging
angle)

Figs. 8A to 8D are diagrams illustrating an example of a temporal change of an
angular velocity of the head turning and the imaging angle of the video microscope 13
detected by the gyro sensor 33.

In the example in Figs. 8A to 8D, in order to perform the imaging from the right
direction, the surgeon 20 turns his / her head to the left direction from the point in time
t1 at a constant velocity and stops turning at the point in time t2 when the head
direction reaches a predetermined direction. In this way, as illustrated in Fig. 8A, the

gyro sensor 33 detects the angular velocity

oh1

as the horizontal angular velocity of the head of the surgeon 20 between the point in

time t1 and the point in time t2, and transmits the angular velocity

wh

to the control unit 42.

The control unit 42 acquires the angular velocity

wh

from the point in time t1 to the point in time t2 from the gyro sensor 33. The control
unit 42 measures the horizontal head angle of the surgeon 20 at the present point in
time by integrating the angular velocity acquired from the point in time t1 to the

present point in time. The angle measured in this way increases from zero to

Oh1
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with a predetermined slope from the point in time t1 to the point in time t2 as il-
lustrated in Fig. 8B.
As illustrated in Fig. 8C, the control unit 42 controls the arm mechanism 43 in the

point in time t3 when the measured angle exceeds the threshold value

0ThO ( 6ThO < 6h1)

, and starts the turning of the video microscope 13 at the angular velocity

®C1

in the right direction.

The surgeon 20, after the point in time (2, does not move his / her head until the
imaging angle of the video microscope 13 is close to the desired imaging angle, and at
the point in time t4, when the imaging angle of the video microscope 13 is close to the
desired imaging angle, turns his / her head at the constant velocity in the right
direction. As a result, at the point in time t5, the head of the surgeon 20 returns to the
original position and then, the surgeon 20 stops the turning of his / her head.

In this way, as illustrated in Fig. 8A, the gyro sensor 33 detects the angular velocity O
from the point in time (2 to the point in time t4, and transmits the angular velocity O to

the control unit 42. In addition, the gyro sensor 33 detects the angular velocity

-oh1

from the point in time 4 to the point in time t5, and transmits the angular velocity

-oh1

to the control unit 42.

The control unit 42 acquires the angular velocity O from the gyro sensor 33 from the
point in time t2 to the point in time t4. The control unit 42 measures the horizontal
angle of the head of the surgeon 20 at the present point in time by integrating the
angular velocity acquired from the point in time t1 to the present point in time. The

angle measured in this way is the angle

oh1

from the point in time (2 to the point in time t4 as illustrated in Fig. §B.

In addition, the control unit 42 acquires the angular velocity

-oh

from the gyro sensor 33 from the point in time t4 to the point in time tS. The control
unit 42 measures the horizontal angle of the head of the surgeon 20 at the present point
in time by integrating the angular velocity acquired from the point in time t1 to the

present point in time. The angle measured in this way decreases from
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Oh1

to zero with a predetermined slope from the point in time t4 to the point in time t5 as
illustrated in Fig. 8B.
As illustrated in Fig. 8C, in the point in time t6 when the measured angle becomes

equal to or less than the threshold value

0ThO

, the control unit 42 controls the arm mechanism 43, makes the angular velocity of
the turning of the video microscope 13 in the right direction started at the point in time
t3 to be zero, and stops the turning.

In this way, the video microscope 13 turns in the right direction at the angular

velocity

®C1

from the point in time (3 to the point in time t6. As a result, as illustrated in Fig. 8D,

the imaging angle increases from the imaging angle

0cl

which is the imaging angle before the horizontal turning of the head to the imaging

angle

Oc1

at the angular velocity

®C1

from the point in time (3 to the point in time t6. The imaging angle after the point in

time t6 is fixed to the imaging angle

ocl

As described above, in the medical observation system 10, by using the turning of the
head of the surgeon 20 in the left direction as a trigger point, the imaging angle is
changed by the turning of the video microscope 13 in the right direction corresponding
to the direction of the head turning. After that, by using the turning of the head of the
surgeon 20 in the right direction reverse to the previous direction as a trigger point, the
video microscope 13 stops the turning, and the imaging angle is fixed.

In Figs. 8A to 8D, the case where the surgeon 20 turns his / her head in the left
direction is described. However, in a case where the surgeon turns his / her head in the
right direction also, the processing is the same except the point that the direction of the
turning of the video microscope 13 is a left direction. In addition, regarding the case

where the surgeon 20 vertically moves his / her head, the processing is same as the
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case where the head turns horizontally except the point that the imaging angle is a
vertical angle. In a case where the surgeon 20 turns his / her head both in the vertical
direction and the horizontal direction simultaneously, the processes in the cases where
the head turns in the horizontal direction and in the vertical direction are performed si-
multaneously.

(Description of the processing of the medical observation system)

Fig. 9 is a flow chart explaining imaging angle control processing of the medical ob-
servation system 10 in Fig. 1.

In STEP S31 in Fig. 9, the imaging unit 51 of the video microscope 13 starts imaging
of the observation target 22. The imaging is controlled by the AF control unit 52 such
that the image is focused on the focus area. The initial value of the focus area is, for
example, the center area in the imaged image. In STEP S32, the imaging unit 51 starts
the transmission of the imaged image obtained as a result of imaging started in STEP
S31 to the head mount display 11.

In STEP S11, the display unit 31 of the head mount display 11 starts receiving the
imaged image transmitted from the imaging unit 51. In STEP S12, the display unit 31
starts displaying the received imaged image. The surgeon 20 gazes at the desired
position in the imaged image displayed. At this time, the surgeon 20, in a case where
the imaging angle is changed, vertically and horizontally turns his / her head according
to the imaging angle, and in a case where the imaging angle reaches the desired angle,
then turns his / her head in the reverse direction, and then, returns his / her head to the
original position.

In STEP S13, the line-of-sight detection unit 32 detects the line-of-sight of the
surgeon 20. The line-of-sight detection unit 32, based on the detection result, generates
the gazing point position information with the point at which the surgeon 20 gazes in
the imaged image displayed, as the gazing point. In STEP S14, the line-of-sight
detection unit 32 transmits the gazing point position information to the video mi-
croscope 13.

In STEP S33, the AF control unit 52 of the video microscope 13 acquires the gazing
point position information transmitted from the line-of-sight detection unit 32. In STEP
S34, the AF control unit 52 sets (updates) the position indicated by the gazing point
position information as the focus area. The AF control unit 52 detects the distance
between the video microscope 13 and the object in the focus area.

In STEP S35, the AF control unit 52 controls the focusing of the imaging unit 51
such that the image is focused on the focus area. In STEP S36, the AF control unit 52
detects the distance between the video microscope 13 and the object in the focus area,
and transmits the distance information that indicates the detected distance to the

electric arm 12.
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In STEP S21, the acquisition unit 41 of the electric arm 12 acquires the distance in-
formation transmitted from the video microscope 13. The acquisition unit 41 acquires
the focus area information and transmits the focus area information to the control unit
42 based on the acquired distance information and the arm angle information supplied
from the arm mechanism 43. In STEP S22, the control unit 42 determines the position
indicated by the focus area information supplied from the acquisition unit 41 to be the
center position of the turning of the video microscope 13.

In STEP S15, the gyro sensor 33 of the head mount display 11 detects the angular
velocity of the head turning of the surgeon 20 in the vertical and horizontal direction.
In STEP S16, the gyro sensor 33 transmits the detection result to the electric arm 12.

In STEP S23, the control unit 42 of the electric arm 12 acquires the detection result
transmitted from the gyro sensor 33. The processing in STEP S24 and STEP S25 is
performed regarding the vertical head turning and the horizontal head turning re-
spectively.

In STEP S24, the control unit 42 integrates the angular velocity of the head turning
which is the acquired detection result, and determines whether the angle of the head

turning obtained by the integration result is larger than the threshold value

0ThO

or not. In a case where the angle of the head turning is larger than the threshold value

0ThQ

in STEP S24, that is, in a case where the surgeon 20 turns his / her head in the
direction corresponding to the desired direction, the process proceeds to STEP S25.

In STEP S25, the control unit 42 controls the arm mechanism 43, and turns the video
microscope 13 with the center position of turning determined in STEP S22 as the

center of turning at the angular velocity

®C1

in the direction corresponding to the direction of head turning. Then, the process
returns to STEP S23.

On the other hand, in a case where the angle of the head is determined not to be

larger than the threshold value

0ThO

in STEP S24, that is, in a case where the surgeon 20 returns his / her head to the
original position, or in case where the surgeon 20 does not turns his / her head, the
process proceeds to STEP S26. In STEP S26, the electric arm 12 notifies the head
mount display 11 that the turning of the video microscope 13 stops.

In STEP S17, the head mount display 11 receives the notification of the stop of the
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[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

turning of the video microscope 13 from the electric arm 12. In STEP S18, the head
mount display 11 determines whether or not to end the process according to the
operation of an operation unit not illustrated, by the surgeon 20.

In a case where the process is determined not to end in STEP S18, the process returns
to STEP S13 and repeats the subsequent processes.

On the other hand, in a case where the process is determined to end in STEP S18, in
STEP S19, the head mount display 11 notifies the video microscope 13 that the process
stops.

In STEP S37, the video microscope 13 receives the notification of the stop of the
process from the head mount display 11. In STEP S38, the imaging unit 51 of the
video microscope 13 stops imaging.

In STEP S20, the display unit 31 of the head mount display 11 stops the receiving
and displaying of the imaged image transmitted from the imaging unit 51.

In the above description, one threshold value of the angle of the head is provided,
and with the fact that the angle of the head exceeds the threshold value as a trigger
point, the video microscope 13 turns at a predetermined angular velocity. However,
two or more threshold values of the angle of the head may be provided. In this case,
with the fact that the angle of the head exceeds the least threshold value as a trigger
point, the video microscope 13 turns at a predetermined angular velocity, and with the
fact that the angle of the head exceeds the other threshold values as trigger points, the
angular velocity of the video microscope 13 is changed.

(Another example of temporal change of the angular velocity of the head and the
imaging angle)

Figs. 10A to 10D are diagrams illustrating another example of a temporal change of
an angular velocity of the head detected by the gyro sensor 33 and the imaging angle of
the video microscope 13 in a case where two threshold values of the angle of the head
are provided.

Specifically, in the example in Figs. 10A to 10D, in order to perform the imaging
from the right direction, the surgeon 20 turns his / her head to the left direction from
the point in time t11 at a constant velocity and stops turning at the point in time t14
when the head direction reaches a predetermined direction. At this time, as illustrated

in Fig. 10A, the gyro sensor 33 detects the angular velocity

wh?2

as the horizontal angular velocity of the head of the surgeon 20 between the point in

time t11 and the point in time t14, and transmits the angular velocity

wh?

to the control unit 42.
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[0081]  The control unit 42 acquires the angular velocity

wh?2

from the point in time t11 till the point in time t14 from the gyro sensor 33. The
control unit 42 measures the horizontal head angle of the surgeon 20 at the present
point in time by integrating the angular velocity acquired from the point in time t11 to

the present point in time. The angle measured in this way increases from zero to

0h2

with a predetermined slope from the point in time t11 to the point in time t14 as il-
lustrated in Fig. 10B.

[0082] As illustrated in Fig. 10C, the control unit 42 controls the arm mechanism 43 in the

point in time t12 when the measured angle exceeds the threshold value

0Th1 ( 6Th1 < 6h2 )

, and starts the turning of the video microscope 13 at the angular velocity

®C2

in the right direction.
[0083] The control unit 42 controls the arm mechanism 43 in the point in time t13 when the

measured angle exceeds the threshold value

0Th2 (O9Th1< 6Th2 < 6h2 )

, and changes the angular velocity of the turning of the video microscope 13 in the

right direction to

®C3

from

oc2 ( ®02 < ®c3 ).

[0084]  In this way, the video microscope 13 turns at the angular velocity

®C1

in the right direction from the point in time t12 to the point in time t13. As a result, as

illustrated in fig. 10D, the imaging angle increases from

0cl

which is the imaging angle before the head horizontally turns to the imaging angle

0c2

at the angular velocity

®C2
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[0085]

[0086]

[0087]

[0088]

[0089]

from the point in time t12 to t13.

The surgeon 20, after the point in time t14, does not move his / her head until the
imaging angle of the video microscope 13 is close to the desired imaging angle. At the
point in time t15, when the imaging angle of the video microscope 13 is close to the
desired imaging angle, the surgeon 20 turns his / her head at the constant velocity in
the right direction, and stops the turning of his/ her head at the point in time t16 when
the head directs the predetermined direction.

In this way, as illustrated in Fig. 10A, the gyro sensor 33 detects the angular velocity
0 from the point in time t14 to the point in time t15, and transmits the angular velocity

0 to the control unit 42. In addition, the gyro sensor 33 detects the angular velocity

-oh3

from the point in time t15 to the point in time t16, and transmits the angular velocity

-oh3

to the control unit 42.

The control unit 42 acquires the angular velocity O from the gyro sensor 33 from the
point in time t14 to the point in time t15. The control unit 42 measures the horizontal
head angle of the surgeon 20 at the present point in time by integrating the angular
velocity acquired from the point in time t11 to the present point in time. The angle

measured in this way is the angle

0h2

from the point in time t14 to the point in time t15 as illustrated in Fig. 10B.

In addition, the control unit 42 acquires the angular velocity

-oh3

from the gyro sensor 33 from the point in time t15 to the point in time t16. The
control unit 42 measures the horizontal head angle of the surgeon 20 at the present
point in time by integrating the angular velocity acquired from the point in time t11 to
the present point in time. The angle measured in this way decreases from

to

6h3 ( 6Th1 < 6h3 = 6Th2 )

with a predetermined slope from the point in time t15 to the point in time t16 as il-
lustrated in Fig. 10B.

As illustrated in Fig. 10C, the control unit 42 controls the arm mechanism 43 in the
point in time t17 when the measured angle is equal to or smaller than the threshold

value
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0Th2

, and returns the angular velocity of the turning of the video microscope 13 to angular

velocity

®02

from the angular velocity

®C3.

[0090]  In this way, the video microscope 13 turns in the right direction at the angular

velocity

®C1

from the point in time t13 to the point in time t17. As a result, as illustrated in Fig.

10D, the imaging angle increases from the imaging angle

0c2

to the imaging angle

0c3

at the angular velocity

®C3

from the point in time t13 to the point in time t17.

[0091]  The surgeon 20, after the point in time t16, does not move his / her head until the
imaging angle of the video microscope 13 is close to the desired imaging angle, and at
the point in time t18, when the imaging angle of the video microscope 13 is close to
the desired imaging angle, turns his / her head at the constant velocity in the right
direction. As a result, at the point in time t19, the head of the surgeon 20 returns to the
original position and then, the surgeon 20 stops the turning of his / her head.

[0092]  In this way, as illustrated in Fig. 10A, the gyro sensor 33 detects the angular velocity
0 from the point in time t16 to the point in time t18, and transmits the angular velocity

0 to the control unit 42. In addition, the gyro sensor 33 detects the angular velocity

-oh3

from the point in time t18 to the point in time t19, and transmits the angular velocity

-oh3

to the control unit 42.
[0093]  The control unit 42 acquires the angular velocity O from the gyro sensor 33 from the
point in time t16 to the point in time t18. The control unit 42 measures the horizontal
head angle of the surgeon 20 at the present point in time by integrating the angular

velocity acquired from the point in time t11 to the present point in time. The angle
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[0094]

[0095]

[0096]

[0097]

measured in this way is the angle

6h3

from the point in time t16 to the point in time t18 as illustrated in Fig. 10B.

In addition, the control unit 42 acquires the angular velocity

-oh3

from the gyro sensor 33 from the point in time t18 to the point in time t19. The
control unit 42 measures the horizontal head angle of the surgeon 20 at the present
point in time by integrating the angular velocity acquired from the point in time t11 to

the present point in time. The angle measured in this way decreases from

6h3

to zero with a predetermined slope from the point in time t18 to the point in time t19
as illustrated in Fig. 10B.

As illustrated in Fig. 10C, the control unit 42 controls the arm mechanism 43 in the
point in time t20 when the measured angle becomes equal to or less than the threshold

value

0Th1

, and makes the angular velocity of the turning of the video microscope 13 in the
right direction changed at the point in time t17 to be zero to stop the turning.
In this way, the video microscope 13 turns in the right direction at the angular

velocity

®»C2

from the point in time t17 to the point in time (20. As a result, as illustrated in Fig.

10D, the imaging angle increases from the imaging angle

0c3

to the imaging angle

oc4

in the angular velocity

®C2

from the point in time t17 to the point in time (20. The imaging angle after the point

in time t20 is fixed to

Ocd.

As described above, in a case where two threshold values of the angle of the head are
provided, in the medical observation system 10, with the fact that the angle of the

turning of the head of the surgeon 20 in the left direction exceeds the least threshold
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[0098]

[0099]

[0100]

value

0Th1

as a trigger point, the video microscope 13 turns at the angular velocity

®»C2

in the right direction which corresponds to the head turning direction, and the imaging
angle is changed. Then, in a case where the angle of the head turning of the surgeon 20

exceeds the threshold value

0Th2

other than the threshold value

0Th1

, with the above-described fact as a trigger point, the angular velocity of the turning of

the video microscope 13 in the right direction is changed to the angular velocity

®»C3

from the angular velocity

®0C2.

After the head of the surgeon 20 turns in the left direction, the head of the surgeon 20
conversely turns in the right direction, and when the angle of the turning from the

original position becomes smaller than the threshold value

0Th2

, with the above-described fact as a trigger point, the angular velocity of the turning

of the video microscope 13 in the right direction is changed to angular velocity

®C2

from angular velocity

®»C3

In addition, after the head of the surgeon 20 turns in the left direction, the head of the
surgeon 20 conversely turns in the right direction, and when the angle of the turning

from the original position becomes smaller than the threshold value

0Th1

, with the above-described fact as a trigger point, the video microscope 13 stops the
turning and the imaging angle is fixed.

In Figs. 10A to 10D, the case where the surgeon 20 turns his / her head in the left
direction is described. However, even in a case where the surgeon turns his / her head

in the right direction, the processing is the same except that the point that the direction
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[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

of the turning of the video microscope 13 is in is a left direction. In addition, regarding
the case where the surgeon 20 vertically moves his / her head, the processing is the
same as the case where the head turns horizontally except the point that the imaging
angle is at is a vertical angle. In a case where the surgeon 20 turns his / her head both
in the vertical direction and the horizontal direction simultaneously, the processes in
the cases where the head turns in the horizontal direction and in the vertical direction
are performed simultaneously.

In addition, in the example in Figs. 10A to 10D, the number of threshold values is
two. However, the number threshold values may be more than two. The number
obtained by adding one to the number of threshold values is the number of types of the
angular velocity of the imaging angle (including the angular velocity zero).

As described above, the electric arm 12 changes the imaging angle of the video mi-
croscope 13 without changing the distance between the video microscope 13 and the
gazing point, based on the angular velocity of the head of the surgeon 20 and the focus
area information. Therefore, the surgeon 20 can change the imaging angle of the video
microscope 13 by himself by turning his / her head. In addition, since the distance
between the video microscope 13 and the gazing point has not changed, even though
the imaging angle has changed, it is possible to maintain the focused state. As a result,
the surgeon 20 can obtain a focused image of the imaging angle intended by the
surgeon 20, and the surgical operation efficiency is improved.

<Second embodiment>

(Configuration example of a medical observation system in a second embodiment)

Fig. 11 is a block diagram illustrating a configuration example of a medical ob-
servation system in a second embodiment as an imaging control system to which the
present disclosure is applied.

In the configuration illustrated in Fig. 11, the configuration the same as that in Fig. 2
will be referenced by the same reference signs. The duplicated descriptions will be ap-
propriately omitted.

A medical observation system 100 in Fig. 11is configured to include a head mount
display 101, an electric arm 102, a video microscope 103, and a mode switching device
104. In the medical observation system 100, a control mode that controls the imaging
angle and the focus area as operation modes can be set, and only in a case where the
operation mode is the control mode, the imaging angle and the focus area is changed.

Specifically, a configuration of the head mount display 101 of the medical ob-
servation system 100 is different from that of the head mount display 11 in Fig. 2 in the
point that a display unit 111 is provided instead of the display unit 31 is included.

The display unit 111 of the head mount display 101 displays an imaged image

transmitted from the video microscope 103. In addition, the display unit 111 causes
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[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

mode information which indicates the operation mode transmitted from the mode
switching device 104 to be displayed. It is desirable that the mode information is
displayed at the recognizable location without moving the line-of-sight of the surgeon
20.

A configuration of the electric arm 102 is different from that of the electric arm 12 in
Fig. 2 in the point that a control unit 121 instead of the control unit 42 is included.

The control unit 121 of the electric arm 102 acquires the operation mode from the
mode switching device 104. In a case where the operation mode is the control mode,
the control unit 121 acquires the detection result transmitted from the gyro sensor 33.
In a case where the operation mode is the control mode, the control unit 121 controls
the arm mechanism 43 such that the imaging angle of the video microscope 103 is
changed without changing the distance between the video microscope 103 and the
gazing point, based on the acquired detection result and the focus area information
from the acquisition unit 41.

A configuration of the video microscope 103 is different from that of the video mi-
croscope 13 in Fig. 2 in the point that an AF control unit 131 is provided instead of the
AF control unit 52.

The AF control unit 131, when the imaging starts, sets the predetermined area such
as the center area of the imaged image as the focus area. In addition, in a case of the
time other than starting imaging and in a case where the operation mode transmitted
from the mode switching device 104 is the control mode, the AF control unit 131 sets
the position indicated by the gazing point position information transmitted from the
head mount display 101 as the focus area.

The AF control unit 131 controls the focusing of the imaging unit 51 such that the
image focuses on the focus area by a detection method such as a contrast detection
system or a phase difference detection system. In association with this, the AF control
unit 131 detects the distance between the video microscope 103 and the object in the
focus area, and transmits the distance information indicating the detected distance to
the electric arm 102.

The mode switching device 104, for example, is formed of a photo switch. The
surgeon 20 instructs to switch the control mode and non-control mode by operating the
mode switching device 104 by a foot or the like. The non-control mode is a mode in
which the control of imaging angle and the focus area are not performed.

The mode switching device 104 sets the operation mode to the control mode or the
non-control mode according to the instruction from the surgeon 20. The mode
switching device 104 supplies the set operation mode to the head mount display 101,
electric arm 102, and the video microscope 103.

The imaging angle control processing of the medical observation system 100 is
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[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

similar to the imaging angle control processing in Fig. 9 except the point that the
processing is performed in a case where the operation mode is the control mode and
the point that the mode information which indicates that the operation mode is the
control mode is displayed on the display unit 111.

Since the electric arm 102 of the medical observation system 100 performs the
imaging angle control processing only in a case where operation mode is the control
mode, compared to a case where the imaging angle control and the focus area control
are performed at all time, it is possible to reduce the tension and the tiredness of the
surgeon 20.

That is, in a case where the imaging angle control and the focus area control are
performed at all times, the surgeon 20 has to move his / her head and the line-of-sight
with a constant awareness at all times, and thus, there is possibility of causing
excessive tension and tiredness. However, in the medical observation system 100,
since the operation mode can be set, in a case where the imaging angle control and the
focus area control are not necessary, the surgeon 20 does not have to be aware of the
head movement or the line-of-sight by setting the operation mode to the non-control
mode. As a result, it is possible to reduce the tension and the tiredness of the surgeon
20.

In a case where the operation mode is non-control mode, the imaging unit 51 of the
video microscope 103 performs the imaging such that the image focuses on the present
focus area at the present imaging angle. Then, the display unit 111 of the head mount
display 101 displays the imaged image obtained as the result of above-described
imaging together with the mode information which indicates the fact that the operation
mode is the non-control mode.

<Third embodiment>

(Configuration example of a medical observation system in a third embodiment)

Fig. 12 is a block diagram illustrating a configuration example of a medical ob-
servation system in a third embodiment as an imaging control system to which the
present disclosure is applied.

In the configuration illustrated in Fig. 12, the configurations the same as those in Fig.
2 and Fig. 11 will be referenced by the same reference signs. The duplicated de-
scriptions will be appropriately omitted.

A configuration of a medical observation system 200 in Fig. 12 is different from that
of the configuration of a medical observation system 100 in Fig. 11 in the point that a
head mount display 201 is provided instead of the head mount display 101 and the
video microscope 202 is provided instead of the video microscope 103. The medical
observation system 200 changes the imaging magnification of the video microscope

202 according to the horizontal inclination of the head of the surgeon 20.
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[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

Specifically, the head mount display 201 of the medical observation system 200 is
different from the head mount display 101 in Fig. 11 in the point that a new gyro
sensor 211 is provided.

The gyro sensor 211 is a gyro sensor of one axis and detects the angular velocity of
the horizontal inclination of the head of the surgeon 20. The gyro sensor 211 transmits
the detection result to the video microscope 202.

The video microscope 202 is different from the video microscope 103 in Fig. 11 in
the point that an imaging unit 221 is provided instead of the imaging unit 51 and a new
magnification control unit 222 is provided.

The imaging unit 221 performs the imaging at the imaging magnification supplied
from the magnification control unit 222 based on the focus control of the AF control
unit 131 and transmits the imaged image obtained as a result of imaging to the head
mount display 201.

The magnification control unit 222 determines the imaging magnification of the
imaging unit 221 according to the detection result transmitted from the gyro sensor
211, and supplies the imaging magnification to the imaging unit 221.

In the third embodiment, the magnification control unit 222 is included in the video
microscope 202. However, the magnification control unit 222 may be included in the
electric arm 102.

(Example of the head movement of the surgeon when the imaging magnification is
changed)

Fig. 13 is a diagram illustrating a head movement of the surgeon 20 when the
imaging magnification of the video microscope 13 is changed.

As illustrated in Fig. 13, when changing the imaging magnification of the video mi-
croscope 202, the surgeon 20 tilts his / her head in the horizontal direction in a state of
wearing the head mount display 201. That is, the surgeon 20 wearing the head mount
display 201, when changing the imaging magnification of the video microscope 202,
turns his / her head in a different direction from the direction in the case of turning the
head when changing the imaging angle. In this way, in the medical observation system
200, it is possible to control the imaging magnification independent of the imaging
angle.

In a case where the surgeon 20 tilts the head in the right direction, the imaging mag-
nification increases (moves toward the telephoto side). On the other hand, in a case
where the surgeon 20 tilts the head in the left direction, the imaging magnification
decreases (moves toward the wide-angle side). The angular velocity of the head tilting
of the surgeon 20 is detected by the gyro sensor 211.

A relationship between the head movement of the surgeon 20 and the imaging mag-

nification is not limited to the example described above.
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[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

(Example of a temporal change of the angular velocity of the head and the imaging
magnification)

Figs. 14A to 14D are diagrams illustrating an example of a temporal change of the
angular velocity of the head tilting and the imaging magnification of the video mi-
croscope 103 detected by the gyro sensor 211.

In the example in Figs. 14A to 14D, in order to increase the imaging magnification,
the surgeon 20 tilts his / her head at a constant speed in the right direction from a point
in time t31, and stops tilting at a point in time t32 when the head tilt becomes a prede-
termined tilt angle. In this way, as illustrated in Fig. 14A, the gyro sensor 211 detects

the angular velocity

wh4

from the point in time t31 to the point in time t32, and transmits the angular velocity

oh4

to the magnification control unit 222.

The magnification control unit 222 acquires the angular velocity

wh4

from the time at point t31 to the time at point t32 from the gyro sensor 211. The mag-
nification control unit 222 measures the angle of the head tilt of the surgeon 20 at the
present point in time by integrating the angular velocity acquired from the point in time

t31 to the present point in time. The angle measured in this way increases from zero to

oh4

with a predetermined slope from the point in time t31 to the point in time (32 as il-
lustrated in Fig. 14B.

As illustrated in Fig. 14C, the magnification control unit 222 starts the increasing of
the imaging magnification at the point in time t33 when the measured angle exceeds
the threshold value

0Th3 ( 6Th3 < 6h4 )

at a speed v.

The surgeon 20, after the point in time t32, does not move his / her head until the
imaging angle of the video microscope 103 is close to the desired imaging angle, and
at the point in time t34, when the imaging angle of the video microscope 103 is close
to the desired imaging angle, tilts his / her head at the constant velocity in the left
direction. As a result, at the point in time t35, the head of the surgeon 20 returns to the
original position and then, the surgeon 20 stops the tilting of the head.

In this way, as illustrated in Fig. 14A, the gyro sensor 211 detects the angular
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[0138]

[0139]

[0140]

[0141]

velocity O from the point in time t32 to the point in time t34, and transmits the angular
velocity O to the magnification control unit 222. In addition, the gyro sensor 211

detects the angular velocity

-oh4d

from the point in time t34 to the point in time 35, and transmits the angular velocity

-oh4d

to the magnification control unit 222.

The magnification control unit 222 acquires the angular velocity O from the gyro
sensor 211 from the point in time t32 to the point in time t34. The magnification
control unit 222 measures the angle of the head tilt of the surgeon 20 at the present
point in time by integrating the angular velocity acquired from the point in time t31 to

the present point in time. The angle measured in this way is the angle

oh4

from the point in time (32 to the point in time t34 as illustrated in Fig. 14B.

In addition, the magnification control unit 222 acquires the angular velocity

-oh4d

from the gyro sensor 211 from the point in time t34 to the point in time t35. The
magnification control unit 222 measures the angle of the head tilt of the surgeon 20 at
the present point in time by integrating the angular velocity acquired from the point in

time t31 to the present point in time. The angle measured in this way decreases from

oh4

to zero with a predetermined slope from the point in time t34 to the point in time t35
as illustrated in Fig. 14B.
As illustrated in Fig. 14C, in the point in time t36 when the measured angle becomes

equal to or less than the threshold value

0Th3

, the magnification control unit 222 makes the speed of the changing of the imaging
magnification to be zero, and stops changing the imaging magnification.

In this way, the imaging magnification is changed at the speed v from the point in
time t33 to the point in time t36. As a result, as illustrated in Fig. 14D, the imaging
magnification increases from imaging magnification mO which is the imaging magni-
fication before the head is tilted to imaging magnification m1 at the speed v from the
point in time t33 to the point in time t36. After the point in time t36, the imaging mag-

nification is fixed to the imaging magnification m1.
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[0143]
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[0145]

[0146]

[0147]

[0148]

As described above, in the medical observation system 200, by using the tilting of the
head of the surgeon 20 in the right direction as a trigger point, the imaging magni-
fication is changed in the direction of increasing corresponding to the direction of
tilting. After that, by using the tilting of the head of the surgeon 20 in the left direction
reverse to the previous direction as a trigger point, the imaging magnification stops
changing, and the imaging magnification is fixed.

In Figs. 14A to 14D, the case where the surgeon 20 tilts his / her head in the right
direction is described. However, in a case where the surgeon tilts his / her head in the
left direction also, the processing is the same except the point at which the direction of
the changing of the imaging magnification is the direction of the decreasing.

(Description of the processing of the medical observation system)

Fig. 15 is a flow chart explaining imaging magnification control processing of the
medical observation system 200 in Fig. 12. The imaging magnification control
processing, for example, starts when the imaging unit 51 starts imaging in the imaging
angle control processing.

In STEP S51 in Fig. 15, the gyro sensor 211 of the head mount display 201 detects
the angular velocity of the head tilt of the surgeon 20. In STEP S52, the gyro sensor
211 transmits the detection result to the video microscope 202.

In STEP S61, the magnification control unit 222 of the video microscope 202
acquires the detection result transmitted from the gyro sensor 211. In STEP S62, the
magnification control unit 222 integrates the angular velocity of the head tilt which is
the acquired detection result, and determines whether the angle of the head tilt obtained

from the detection result is larger than the threshold value

0Th3

or not. In a case where the angle of the head tilt is determined to be larger than the
threshold value

0Th3

in STEP S61, that is, in a case where the surgeon 20 tilts his / her head in the
direction corresponding to the desired imaging magnification, the process proceeds to
STEP S63.

In STEP S63, the magnification control unit 222 changes the imaging magnification
in the direction corresponding to the direction of the head tilt at the predetermined
speed v, and the process returns to STEP S61.

On the other hand, in a case where the angle of the head tilt is determined not to be

larger than the threshold value

0Th3
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in STEP S62, that is, in a case where the surgeon 20 returns his / her head to the
original position, or in a case where the surgeon 20 does not tilt his / her head, the
process ends.

In STEP S53, the head mount display 201 determines whether or not the imaging
unit 221 stops imaging in the imaging angle control processing. In a case where the
imaging unit 221 determines not to stop imaging in STEP S53, the process returns to
STEP S51 and repeats the subsequent processes.

On the other hand, in a case where the imaging unit 221 determines to stop imaging
in STEP S53, the process ends.

The imaging angle control processing of the medical observation system 200 is
similar to the imaging angle control processing in Fig. 9 except the point at which the
imaging angle control processing is performed in a case where the operation mode is
the control mode and the point that mode information which indicates that the
operation mode is the control mode is displayed on the display unit 111.

The medical observation system 200 may be configured so as to perform the imaging
magnification control processing only in a case where the operation mode is the
control mode. In this case, the control mode set by the mode switching device 104 is a
mode that controls the imaging angle, the focus area, and the imaging magnification,
and the non-control mode is a mode that does not control the imaging angle, the focus
area, and the imaging magnification.

In addition, the operation mode may not be set as a common mode for all of the
imaging angle, the focus area, and the imaging magnification, but may be set as an in-
dividual mode. In this case, only in a case where the operation mode of the imaging
angle is the control mode for controlling the imaging angle, the imaging angle is
controlled according to the vertical and horizontal head turning of the surgeon 20. In
addition, only in a case where the operation mode of the focus area is the control mode
for controlling the focus area, is the focus area controlled according to the line-of-sight
of the surgeon 20. Furthermore, only in a case where the operation mode of the
imaging magnification is the control mode for controlling the imaging magnification,
is the imaging magnification controlled according to the horizontal head tilt of the
surgeon 20.

Furthermore, the threshold value of the angle of the head tilt also, as similar to the
threshold value of the angle of the head turning illustrated in Figs. 10A to 10D, may be
provided in plural. In this case, it is possible to change the changing speed of the
imaging magnification.

In the first to third embodiments, the angle of head turning or head tilt is used as the
trigger point in the control of the imaging angle or the imaging magnification.

However, the value itself corresponding to the angle of head turning or head tilt may
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[0161]

[0162]

[0163]

[0164]

be set as the imaging angle and the imaging magnification.

<Fourth embodiment>

(Description of a computer to which the present disclosure is applied)

The series of processing described above can be executed by hardware and can also
be executed by software. In a case where the series of processing is executed by
software, a program that configures the software is installed to a computer. Here, in the
computer, a computer which is incorporated in the dedicated hardware and, for
example, a general-purpose personal computer which is capable of executing various
functions by installing various programs, are included.

Fig. 16 is a block diagram illustrating an example of a hardware configuration of a
computer that executes the series of processing by the program.

In a computer 300, a central processing unit (CPU) 301, a read only memory (ROM)
302, and a random access memory (RAM) 303 are connected to each other by a bus
304.

An input-output interface 305 is further connected to the bus 304. An input unit 306,
an output unit 307, a storage unit 308, a communication unit 309, and a drive 310 are
connected to the input-output interface 305.

The input unit 306 is formed of a keyboard, a mouse, a microphone, and the like. The
output unit 307 is formed of a head mount display, a speaker, and the like. The storage
unit 308 is formed of a hard disk, a non-volatile memory, and the like. The commu-
nication unit 309 is formed of a network interface, and the like. The drive 310 drives a
magnetic disk, an optical disk, or a removable medium 311 such as a semiconductor
memory.

In the computer 300 configured as described above, the series of processing
described above is performed by the CPU 301, for example, causing the program
stored in the storage unit 308 to be loaded on the RAM 303 and to be executed, via the
input-output interface 305 and the bus 304.

The program executed by the computer 300 (CPU 301), for example, can be
provided by being recorded in the removable medium 311 as a packaged medium or
the like. In addition, the program can be provided via a wired or wireless transmission
medium such as a local area network, the internet, or digital satellite broadcasting.

In the computer 300, by mounting the removable medium 311 on the drive 310, the
program can be installed in the storage unit 308 via the input-output interface 305. In
addition, the program can be received by the communication unit 309 via the wired or
the wireless transmission medium, and can be installed in the storage unit 308.
Otherwise, the program can be stored in the ROM 302 or the storage unit 308 in
advance.

The program executed by the computer 300 may be a program in which the
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processing is performed sequentially in the order described in the present Speci-
fication, or may be a program in which the processing is performed in parallel or at the
necessary timing when a call occurs.

In addition, in the present Specification, the system means a collection of a plurality
of configuration components (device, a module (component), and the like), and it does
not matter whether all of the configuration components are in the same housing.
Therefore, both of a plurality of devices accommodated in the individual housing and
connected to each other via a network and one device in which a plurality of modules
are accommodated in one housing are the system.

The effects disclosed in the present Specification are illustrative examples only, but
not limited thereto, and there may be other effects.

In addition, the embodiments in the present disclosure are not limited to the em-
bodiments described above, and various modifications can be made without departing
from the scope of the present disclosure.

The present disclosure can be can be configured as follows.

ey

A surgical control device including:

circuitry configured to change an imaging viewpoint of a surgical imaging device in
order to maintain a substantially constant distance between a focal point of an object
and the surgical imaging device that images the object, based on a first instruction of a
user and position information acquired by an acquisition unit implemented by circuitry
configured to acquire position information indicating a position of the focal point of
the object.

@3]

The surgical control device according to above (1) in which the circuitry is further
configured to change an imaging magnification of the surgical imaging device
according to a second instruction of the user.

3)

The surgical control device according to above (2) in which the first instruction cor-
responds to a first movement and the second instruction corresponds to a second
movement, and

a direction of the first movement and a direction of the second movement are
different from each other.

“

The surgical control device according to any one of above (1) to (3) in which the
circuitry is further configured to change the imaging viewpoint based on the first in-

struction, which is a movement of a head of the user and the position information.

&)
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The surgical control device according to any one of above (1) to (4) in which the
circuitry is further configured to change the imaging viewpoint based on an angular
velocity indicating the first instruction, which is a movement of a head of the user and
the position information.

(6)

The surgical control device according to any one of above (1) to (5) in which the
circuitry is further configured to change the imaging viewpoint in a case where an
operation mode is a predetermined mode.

@)

The surgical control device according to any one of above (1) to (6) in which the
position information is determined based on a gazing point of the user.

8)

The surgical control device according to any one of above (1) to (7), further including
a holding unit that holds the imaging device so as to freely move and turn, in which the
circuitry is further configured to change the imaging viewpoint of the surgical imaging
device by controlling the holding device.

€))

A control method including: in a control device,

changing, using a surgical control device, an imaging viewpoint of a surgical imaging
device in order to maintain a substantially constant distance between a focal point of an
object and the surgical imaging device that images the object based on a first in-
struction of a user and the position information acquired by a process of the acquiring
position information indicating a position of the focal point of the object.

(10)

An imaging control system including:

a surgical imaging device that images an object; and

a surgical imaging control device including circuitry configured to change an imaging
viewpoint of a surgical imaging device in order to maintain a substantially constant
distance between a focal point of an object and the surgical imaging device that images
the object, based on an instruction of a user and position information acquired by an
acquisition unit implemented by circuitry configured to acquire position information
indicating a position of the focal point of the object.

(11)

The imaging control system according to above (10), further including:

a detection device that detects the movement.

(12)

The imaging control system according to above (11) in which the detection device is a

head mount display for the user to wear.
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(13)

The imaging control system according to above (11) to (12) in which the head mount
display includes further circuitry configured to

detect the movement and

detect a gazing point of the user,

wherein the position information is determined based on the gazing point detected by
the further circuitry.

(14)

A control device including:

an acquisition unit that acquires position information indicating a position of an object;
and

a control unit that changes an imaging angle of an imaging device without changing a
distance between the object and the imaging device that images the object based on a
first movement of a user and the position information acquired by the acquisition unit.
(15)

The control device according to above (14), further including:

a magnification control unit that changes an imaging magnification of the imaging
device according to a second movement of the user.

(16)

The control device according to above (15) in which a direction of the first movement
and a direction of the second movement are different from each other.

(17)

The control device according to any one of above (14) to (16) in which the control unit
changes the imaging angle based on the first movement of the head of the user and the
position information.

(18)

The control device according to any one of above (14) to (17) in which the control unit
changes the imaging angle based on an angular velocity indicating the first movement
of the head of the user and the position information.

(19)

The control device according to any one of above (14) to (18) in which the control unit
changes the imaging angle in a case where an operation mode is a predetermined
mode.

20)

The control device according to any one of above (14) to (19) in which the position in-
formation is determined based on a gazing point of the user.

3y

The control device according to any one of above (14) to (20), further including a
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holding unit that holds the imaging device so as to freely move and turn, in which the
control unit changes the imaging angle of the imaging device by controlling the
holding unit.
(22)
The control device according to any one of above (14) to (21) in which the imaging
device is a video microscope for surgical operation.
(23)
A control method including: in a control device,
acquiring position information indicating a position of an object; and
controlling for changing an imaging angle of an imaging device without changing a
distance between the object and the imaging device that images the object based on a
first movement of a user and the position information acquired by a process of
acquiring.
(24)
An imaging control system including:
an imaging device that images an object; and
a control device, in which the control device includes an acquisition unit that acquires
position information indicating a position of the object, and a control unit that changes
an imaging angle of an imaging device without changing a distance between the object
and the imaging device that images the object based on a first movement of a user and
the position information acquired by the acquisition unit.
(25)
The imaging control system according to above (24), further including:
a detection device that detects the first movement.
(26)
The imaging control system according to above (25) in which the detection device is a
head mount display for the user to wear.
27)
The imaging control system according to above (25) to (26) in which the detection
device includes
a movement detection unit that detects the first movement and
a line-of-sight detection unit that detects a gazing point of the user, in which the
position information is determined based on the gazing point detected by the line-
of-sight detection unit.

It should be understood by those skilled in the art that various modifications, com-
binations, sub-combinations and alterations may occur depending on design re-
quirements and other factors insofar as they are within the scope of the appended

claims or the equivalents thereof.
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Reference Signs List
[0171] 10 medical observation system

11 head mount display
12 electric arm
13 video microscope
32 line-of-sight detection unit
33 gyro sensor
41 acquisition unit
42 control unit
43 arm mechanism
100 medical observation system
101 head mount display
102 electric arm
103 video microscope
121 control unit
200 medical observation system
201 head mount display
202 video microscope

222 magnification control unit
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Claims

A surgical control device comprising:

circuitry configured to change an imaging viewpoint of a surgical
imaging device in order to maintain a substantially constant distance
between a focal point of an object and the surgical imaging device that
images the object, based on a first instruction of a user and position in-
formation acquired by an acquisition unit implemented by circuitry
configured to acquire position information indicating a position of the
focal point of the object.

The surgical control device according to claim 1, wherein the circuitry
is further configured to change an imaging magnification of the
surgical imaging device according to a second instruction of the user.
The surgical control device according to claim 2,

wherein the first instruction corresponds to a first movement and the
second instruction corresponds to a second movement, and

a direction of the first movement and a direction of the second
movement are different from each other.

The surgical control device according to claim 1, wherein the circuitry
is further configured to change the imaging viewpoint based on the first
instruction, which is a movement of a head of the user and the position
information.

The surgical control device according to claim 1, wherein the circuitry
is further configured to change the imaging viewpoint based on an
angular velocity indicating the first instruction, which is a movement of
a head of the user and the position information.

The surgical control device according to claim 1, wherein the circuitry
is further configured to change the imaging viewpoint in a case where
an operation mode is a predetermined mode.

The surgical control device according to claim 1, wherein the position
information is determined based on a gazing point of the user.

The surgical control device according to claim 1, further comprising:

a holding device that holds the imaging device so as to freely move and
turn,

wherein the circuitry is further configured to change the imaging
viewpoint of the surgical imaging device by controlling the holding
device.

A control method comprising:
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changing, using a surgical control device, an imaging viewpoint of a
surgical imaging device in order to maintain a substantially constant
distance between a focal point of an object and the surgical imaging
device that images the object based on a first instruction of a user and
the position information acquired by a process of the acquiring position
information indicating a position of the focal point of the object.

An imaging control system comprising:

a surgical imaging device that images an object; and

a surgical imaging control device including circuitry configured to
change an imaging viewpoint of a surgical imaging device in order to
maintain a substantially constant distance between a focal point of an
object and the surgical imaging device that images the object, based on
an instruction of a user and position information acquired by an ac-
quisition unit implemented by circuitry configured to acquire position
information indicating a position of the focal point of the object.

The imaging control system according to claim 10, wherein the in-
struction corresponds to a movement and the system further comprises:
a detection device that detects the movement.

The imaging control system according to claim 11, wherein the
detection device is a head mount display for the user to wear.

The imaging control system according to claim 12, wherein the head
mount display includes further circuitry configured to

detect the movement and

detect a gazing point of the user,

wherein the position information is determined based on the gazing

point detected by the further circuitry.
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Claims Nos.: 9

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

The step of changing an imaging viewpoint of a surgical imaging device
encompasses the movement of an imaging device inside the body.
Accordingly, claim 9 defines a method falling under the definition of
method for treatment of the animal or human body by surgery.
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