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AND MEDICAL OBSERVATION SYSTEM
Technical Field

The present technology relates to a medical image processing apparatus, a medical
image processing method and a medical observation system, particularly to a medical
image processing apparatus, a medical image processing method and a medical ob-
servation system by which a deep focus image can be obtained with a low delay and at
a high frame rate, for example.

<CROSS REFERENCE TO RELATED APPLICATIONS>

This application claims the benefit of Japanese Priority Patent Application JP
2015-124005 filed on June 19, 20135, the entire contents of which are incorporated
herein by reference.

Background Art

A depth of field of a photographed image obtained by a medical microscope or the
like is shallow, where an image of an object at a slightly different depth from a focus
position (focus plane) that is in focus in a real space is blurred.

In a photographed image obtained by the medical microscope in a brain surgery, for
example, a frontward object is photographed in the periphery while an object (such as
a surgical site) being a focus of attention located more or less at the back is pho-
tographed at the center. At this time, the object in the periphery of the photographed
image is blurred when a focus is adjusted to bring the object at the center of the pho-
tographed image into focus, which may affect observability of the object and op-
erability of the medical microscope.

Accordingly, for example, there is proposed a real-time all-in-focus microscopic
camera which performs high-speed photographing of an image while changing a focus
position (focal length) and obtains a deep focus image (an all-in-focus image) from a
plurality of images obtained by the photographing (refer to Patent Literature 1, for
example).

Citation List

Patent Literature
PTL 1: International Publication No. WO 2002/082805

Summary of Invention

Technical Problem
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Now, when an image is to be provided to a user such as a doctor performing an
operation with medical equipment such as the medical microscope, it is desirable from
the nature of the medical field that the image is provided with a low delay and at a high

frame rate.
In view of such circumstances, it is desirable to be able to obtain a deep focus image

with a low delay and at a high frame rate.
Solution to Problem

A medical image processing apparatus according to an embodiment of the present
technology includes circuitry configured to generate a composite image by com-
positing a plurality of images obtained by capturing with a medical imaging device a
living body while changing a focus position, and switch output between the generated
composite image and one of the plurality of images based on a result of analysis
performed on at least one of the plurality of images.

A medical image processing method according to an embodiment of the present
technology includes generating a composite image by compositing a plurality of
images obtained by capturing with a medical imaging device a living body while
changing a focus position, and switching output between the generated composite
image and one of the plurality of images based on a result of analysis performed on at
least one of the plurality of images

A medical observation system according to an embodiment of the present technology
includes a medical imaging device configured to capture a plurality of images of a
living body while changing a focus position, and circuitry configured to generate a
composite image by compositing the plurality of images captured by the medical
imaging device, and switch output between the generated composite image and one of
the plurality of images based on a result of analysis performed on at least one of the
plurality of images.

Note that the medical image processing apparatus and the medical observation
system may be independent apparatus and system or an internal block making up a
single apparatus.

Advantageous Effects of Invention

According to an embodiment of the preset technology, the deep focus image can be
obtained with the low delay and at the high frame rate, for example.

Note that the effect is not limited to the one described above but may be any effect
described in the present disclosure.

Brief Description of Drawings
[fig.1]Fig. 1 is a block diagram illustrating a configuration example of an embodiment

of a medical observation system to which the present technology is applied.
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[fig.2]Fig. 2 is a block diagram illustrating a first configuration example of a signal
processing device 12.
[fig.3]Fig. 3 is a diagram illustrating an overview of photographing performed to
obtain a photographed image in a photographing unit 11 and generating a composite
image in the signal processing device 12.
[fig.4]Fig. 4 is a diagram illustrating an example of processing performed by an
alignment unit 32 and a composition unit 33.
[fig.5]Fig. 5 is a diagram illustrating a photographed image that is photographed while
changing a focus position in the photographing unit 11.
[fig.6]Fig. 6 is a flowchart illustrating a first operational example of the medical ob-
servation system.
[fig.7]Fig. 7 is a flowchart illustrating a second operational example of the medical ob-
servation system.
[fig.8]Fig. 8 is a flowchart illustrating a third operational example of the medical ob-
servation system.
[fig.9]Fig. 9 is a block diagram illustrating a second configuration example of the
signal processing device 12.
[fig.10]Fig. 10 is a diagram illustrating an example of setting a focus shift range in a
range setting unit 62.
[fig.11]Fig. 11 is a flowchart illustrating a fourth operational example of the medical
observation system.
[fig.12]Fig. 12 is a block diagram illustrating a third configuration example of the
signal processing device 12.
[fig.13]Fig. 13 is a graph illustrating an example of a relationship between a focus
position and a focus score.
[fig.14]Fig. 14 is a flowchart illustrating a fifth operational example of the medical ob-
servation system.
[fig.15]Fig. 15 is a block diagram illustrating a fourth configuration example of the
signal processing device 12.
[fig.16]Fig. 16 is a flowchart illustrating an example of processing that sets an AF
frame in the signal processing device 12.
[fig.17]Fig. 17 is a block diagram illustrating a configuration example of an em-
bodiment of a computer to which the present technology is applied.
Description of Embodiments

<Embodiment of medical observation system to which present technology is
applied>

Fig. 1 is a block diagram illustrating a configuration example of an embodiment of a
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medical observation system to which the present technology is applied.

The medical observation system illustrated in Fig. 1 can be applied to medical
equipment such as a medical endoscope system or a medical electron microscope
(surgical microscope) that has a function of observing a living body.

As illustrated in Fig. 1, the medical observation system includes a photographing unit
11, a signal processing device 12, and a display device 13.

The photographing unit 11 illuminates and photographs an object being a living body
such as a surgical site of a human body subjected to an operation, for example, and
supplies a photographed image being an image of the living body obtained by the pho-
tographing to the signal processing device 12.

The photographing unit 11 includes a light source 21, an optical system 22 and an
image sensor 23.

The light source 21 is formed of a Light Emitting Diode (LED) or the like and emits
light illuminating the object.

The optical system 22 is provided in a lens barrel (not shown) and formed of optical
components such as a focus lens and a diaphragm. The optical system 22 condenses
object light (reflected light) that is the light emitted from the light source 21, reflected
off of the object and incident on the optical system onto the image sensor 23.

The image sensor 23 is a Complementary Metal Oxide Semiconductor (CMOS)
sensor, for example, which receives the object light from the optical system 22,
performs photoelectric conversion and photographs the object. A photographed image
of the object photographed by the image sensor 23 is supplied to the signal processing
device 12.

Note that the photographing unit 11 can photograph, as the photographed image, a
two-dimension (2D) image and a 3D image formed of a left eye image (Left (L)
image) and a right eye image (Right (R) image).

When photographing the 3D image, the photographing unit 11 is provided with the
optical system 22 and the image sensor 23 used to photograph the L image, and the
optical system 22 and the image sensor 23 used to photograph the R image as indicated
with a dotted line in the drawing.

Moreover, when the photographing unit 11 photographs the 3D image, the signal
processing device 12 performs similar processing on each of the L. image and the R
image, for example.

In order to simplify description, it is hereinafter assumed that the photographing unit
11 photographs the 2D image as the photographed image.

The signal processing device 12 performs appropriate signal processing on the pho-
tographed image obtained from the photographing unit 11 and supplies an image

obtained as a result of the signal processing to the display device 13.
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In addition, the signal processing device 12 controls the photographing unit 11 as ap-
propriate.

Specifically, the signal processing device 12 controls the light source 21 to control
intensity of the illumination provided by the light source 21, for example. The signal
processing device 12 also controls the optical system 22 to adjust the diaphragm, a
focus (position) and a zoom, for example. Moreover, the signal processing device 12
controls the image sensor 23 to control a frame rate of a photographed image and
exposure time (shutter speed) in photographing to obtain a photographed image, for
example.

The display device 13 displays the image supplied from the signal processing device
12. The display device 13 can be a display integral with the signal processing device
12, a stationary display provided separately from the signal processing device 12, or a
head mount display, for example.

<First configuration example of signal processing device 12>

Fig. 2 is a block diagram illustrating a first configuration example of the signal
processing device 12 in Fig. 1.

As illustrated in Fig. 2, the signal processing device 12 includes a frame buffer 31, an
alignment unit 32, a composition unit 33, a drive control unit 34 and a control unit 35.

A photographed image from the photographing unit 11 (specifically the image sensor
23 thereof) and a composite image (to be described) from the composition unit 33 are
supplied to the frame buffer 31.

The frame buffer 31 temporarily stores the photographed image from the pho-
tographing unit 11 and the composite image from the composition unit 33.

Here, the photographing unit 11 performs (high-speed) photographing at a frame rate
higher than or equal to a frame rate of the image displayed in the display device 13 to
obtain the photographed image while changing a focus position with the optical system
22 controlled by the drive control unit 34 to be described.

As aresult, a plurality of photographed images with different focus positions is
supplied from the photographing unit 11 to the frame buffer 31, which stores these
plurality of photographed images with different focus positions.

The alignment unit 32 performs alignment between the last composite image and the
latest photographed image stored in the frame buffer 31 and supplies the aligned
composite image and photographed image to the composition unit 33.

Specifically, the alignment unit 32 includes an angle-of-view adjustment unit 41, a
motion blur elimination unit 42, and an object alignment unit 43.

The angle-of-view adjustment unit 41 adjusts an angle of view of each of the
composite image and the photographed image, and supplies the composite image and

the photographed image after adjusting the angle of view thereof to the motion blur
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elimination unit 42.

The motion blur elimination unit 42 eliminates motion blur in the photographed
image supplied from the angle-of-view adjustment unit 41, and supplies the pho-
tographed image from which the motion blur is eliminated to the object alignment unit
43 along with the composite image.

The object alignment unit 43 detects motion in the composite image and the pho-
tographed image supplied from the motion blur elimination unit 42 and, on the basis of
a result of the motion detection, performs alignment between the composite image and
the photographed image.

In other words, the object alignment unit 43 performs alignment to align the position
of an object in the composite image with the same object in the photographed image.

The object alignment unit 43 then supplies the aligned composite image and pho-
tographed image to the composition unit 33.

The composition unit 33 generates a latest composite image by compositing the
composite image and the photographed image supplied from the alignment unit 32
(specifically the object alignment unit 43 thereof).

Specifically, the composition unit 33 includes a feature data calculation unit 51, a
peak calculation unit 52 and an image composition unit 53.

The feature data calculation unit 51 calculates feature data (hereinafter also referred
to as in-focus feature data) representing a degree of focus (being in focus) for a pixel in
each of the composite image and the photographed image supplied from the alignment
unit 32, and supplies the in-focus feature data to the peak calculation unit 52.

The peak calculation unit 52 calculates a peak of the in-focus feature data of the pixel
arranged at the same position in each of the composite image and the photographed
image. That is, the peak calculation unit 52 detects the larger in-focus feature data
between the in-focus feature data of the pixel arranged at the same position in each of
the composite image and the photographed image, and supplies a detected result
(hereinafter also referred to as a detected peak) to the image composition unit 53.

The image composition unit 53 generates the latest composite image by compositing
the composite image and the photographed image supplied from the alignment unit 32
in accordance with the detected peak supplied from the peak calculation unit 52.

The (latest) composite image obtained in the image composition unit 53 is supplied
to the frame buffer 31 and also output to the display device 13 (Fig. 1) as appropriate.

The drive control unit 34 drives the optical system 22 to shift the focus position.

The control unit 35 controls the entire signal processing device 12.

<Overview of photographing performed to obtain photographed image and
generating composite image>

Fig. 3 is a diagram illustrating an overview of photographing performed to obtain the
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photographed image in the photographing unit 11 and generating the composite image
in the signal processing device 12.

Fig. 3 illustrates an example where the photographing unit 11 performs pho-
tographing to obtain photographed image (frames) F1, F2, F3 and the like at the frame
rate of 120 Hz.

Moreover, as illustrated in Fig. 3, the focus position in obtaining the photographed
image is periodically shifted to four focus positions pos1, pos2, pos3 and pos4 in each
frame.

Here, the focus positions posl, pos2, pos3 and pos4 are different and have rela-
tionship represented by expression posl < pos2 < pos3 < pos4 in Fig. 3.

The photographing unit 11 performs photographing to obtain the photographed
images F1, F2, F3 and the like while periodically changing the focus position to the
focus positions posl, pos2, pos3, and pos4 as described above.

As aresult, the photographed image F1 is an image at the focus position pos] (image
focused on the focus position pos1), the photographed image F2 is an image at the
focus position pos2, the photographed image F3 is an image at the focus position pos3,
and a photographed image F4 is an image at the focus position pos4.

A photographed image F5 is an image focused on the focus position posl and, in this
manner, a photographed image from then on corresponds to an image focused on a
focus position that changes periodically.

The signal processing device 12 theoretically generates a deep focus composite
image by compositing a plurality of photographed images with different focus
positions such as four frames of photographed images focused on the focus positions
posl, pos2, pos3, and pos4.

A first composition method and a second composition method can be adopted, for
example, as an Extended Depth of Field (EDoF) method that generates the deep focus
composite image by compositing the plurality of photographed images with different
focus positions such as the photographed images focused on the focus positions posl,
pos2, pos3, and pos4.

In the first composition method, the photographed image focused on each of the
focus positions posl to pos3 is aligned with the photographed image focused on the
focus position pos4 that is the latest photographed image among the photographed
images focused on the focus positions posl to pos4.

After that, among the pixels of the photographed images focused on the focus
positions pos]1 to pos4 after alignment, a pixel of the photographed image focused on
the focus position with the maximum (peak) in-focus feature data is selected as a pixel
of a composite image, whereby a composite image formed of such pixel is generated.

In the second composition method, for example, the photographed image F1 at the
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focus position posl obtained first becomes the composite image as is. That composite
image (last composite image) and the following photographed image F2 at the focus
position pos2 are then composited.

In other words, the last composite image is aligned with the photographed image F2
at the focus position pos2 being the latest photographed image.

After that, between the pixels of the photographed image F2 at the focus position
pos2 and the composite image after alignment, a pixel of the photographed image F2
or the composite image with the maximum (larger) in-focus feature data is selected as
a pixel of a latest composite image C1, whereby the latest composite image C1 formed
of such pixel is generated.

As for the photographed image F3 at the focus position pos3 photographed after the
photographed image F2 at the focus position pos2, the composite image C1 serves as
the last composite image C1 where the composite image C1 and the photographed
image F3 (latest photographed image) at the focus position pos3 are composited in the
similar manner to generate a latest composite image C2.

As for the photographed image F4 at the focus position pos4 photographed after the
photographed image F3 at the focus position pos3, the composite image C2 serves as
the last composite image C2 where the composite image C2 and the photographed
image F4 at the focus position pos4 are composited in the similar manner to generate a
latest composite image C3.

Likewise, as for a succeeding photographed image, a latest composite image is
generated by compositing the last composite image and the latest photographed image
in the second composition method.

Each of the composite image obtained by compositing the photographed images at
the focus positions pos1 to pos4 in the first composition method and the composite
image C3 obtained by the second composition method is a deep focus image with the
depth of field including the focus positions pos]1 to pos4.

Moreover, in either the first or second composition method, the composite image can
be obtained after the photographed images at the focus positions posl to pos4 are
obtained.

Note that in the first composition method, the four frames of photographed images at
the focus positions pos1 to pos4 are subjected to the composition processing
(alignment processing performed in the alignment unit 32 and composition processing
performed in the composition unit 33) that generates the composite image.

In the second composition method, on the other hand, the two frames of images
including the last composite image and the latest photographed image are subjected to
the composition processing.

Therefore, while there is no difference in the depth of field of the composite image
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obtained in the first and second composition methods, the composition processing can
be performed faster in the second composition method than in the first composition
method when three or more frames of photographed images are used to generate the
composite image.

According to the second composition method, as described above, the composition
processing can be performed faster so that the composite image being a deep focus
image can be obtained with a low delay and at a high frame rate.

Now, when an image is to be provided to a user such as a doctor performing an
operation with medical equipment, it is desirable from the nature of the medical field
that the image is provided with a low delay and at a high frame rate as described
above, in which case the second composition method can be employed to be able to
provide the deep focus image with the low delay and at the high frame rate. As a result,
observability of an object (ease of observing an object) as well as ease of performing
an operation on the object can be increased.

Moreover, according to the second composition method, the composition processing
can be performed in a short time to be able to obtain the deep focus image promptly
even when focus drive in the photographing unit 11 is slow and takes time.

Note that when the photographing unit 11 performs photographing to obtain the pho-
tographed image at the frame rate of 120 Hz while periodically changing the focus
position to the focus positions posl, pos2, pos3, and pos4 as illustrated in Fig. 3, the
signal processing device 12 can generate a single frame of a composite image by com-
positing four frames of photographed images every time the four frames of the pho-
tographed images at the focus positions posl, pos2, pos3, and pos4 are obtained. In this
case, there can be obtained a composite image with the depth of field that is
(approximately) four times that of a photographed image at a single focus position and
the frame rate of 30 Hz.

Moreover, when the photographing unit 11 performs photographing to obtain the
photographed image at the frame rate of 120 Hz while periodically changing the focus
position to the focus positions posl, pos2, pos3, and pos4 as illustrated in Fig. 3, the
signal processing device 12 can generate a single frame of a composite image by com-
positing preceding four frames of the photographed images including a latest pho-
tographed image every time the latest photographed image is obtained. In this case,
there can be obtained a composite image with the depth of field that is (approximately)
four times that of a photographed image at a single focus position and the frame rate of
120 Hz.

While the medical observation system of Fig. 1 can adopt either the first or second
composition method, there will be described an example where the second composition

method between the first and second composition methods is adopted.
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<Processing performed by alignment unit 32 and composition unit 33>

Fig. 4 is a diagram illustrating an example of processing performed by the alignment
unit 32 and the composition unit 33 illustrated in Fig. 2.

The photographing unit 11 performs photographing to obtain the photographed
image while changing the focus position as described with reference to Fig. 3.

Fig. 4 illustrates a case where a photographed image including objects objl and obj2
is obtained at times t0, t1, and t2.

Focus positions of the photographed images obtained at times t0 to t2 are different so
that, in the photographed image at time t0, the object objl is in focus while the object
obj2 is out of focus. In the photographed images obtained at times t1 and (2, the object
obj1 is out of focus while the object obj2 is in focus.

Here, there will be described the processing performed by the alignment unit 32 and
the composition unit 33 with reference to Fig. 4 assuming that the photographed image
at time t0 is the last composite image and the photographed image at time t1 is the
latest photographed image, in order to simplify description.

The alignment unit 32 aligns the position of the photographed image at time tO being
the last composite image with the photographed image at time t1 being the latest pho-
tographed image.

The alignment is performed such that the identical objects in the photographed
images obtained at times t0 and t1 overlap each other as much as possible.

Specifically, the angle-of-view adjustment unit 41 of the alignment unit 32 adjusts
the angle of view of the photographed image at time t1 as a composite image, for
example, such that the objects objl as well as the objects obj2 identical in the pho-
tographed images at times tO and t1 overlap each other as much as possible.

The angle of view is adjusted on the assumption that the photographed image at time
t1 being the latest photographed image is highly correlated with the photographed
image at time tO being the last composite image, where the angle of view of the pho-
tographed image at time tO is changed little by little to compute cross correlation or a
sum total of an absolute value of a difference in pixel values as a correlation value rep-
resenting correlation between the photographed images at times tO and t1.

Then there is computed the angle of view with which the correlation value between
the photographed images at times tO and t1 is the highest, and the angle of view of the
photographed image at time tO is adjusted to such angle of view (the photographed
image at time tO is scaled up or down).

The photographed image being obtained while changing the focus position, the angle
of view may vary slightly between one photographed image and a next photographed
image due to the shift in the focus position. The angle of view is adjusted in order to

correct such variation in the angle of view.
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After adjusting the angle of view, the motion blur elimination unit 42 of the
alignment unit 32 eliminates motion blur in the photographed image at time t1 being
the latest photographed image.

An arbitrary method can be adopted to eliminate the motion blur. When a blur kernel
can possibly be the filter causing the motion blur, for example, the motion blue can be
eliminated by deconvolution of the blur kernel.

Note that the processing of eliminating the motion blur in the motion blur elimination
unit 42 can be skipped. That is, the processing of eliminating the motion blur can be
skipped when the motion blur is eliminated by deconvolution of the blur kernel which,
however, is not be assumed as the filter causing the blur, for example.

While the motion blur is eliminated only from the latest photographed image in this
case, the motion blur can also be eliminated from the last composite image. However,
the motion blur is already eliminated from the last composite image since it is obtained
by compositing the deblurred photographed image and a composite image obtained
before the last composite image except for a case where the photographed image
serves as the last composite image as is. Therefore, the last composite image does not
have to be subjected to elimination of the motion blur except for the case where the
photographed image serves as the last composite image as is.

The object alignment unit 43 of the alignment unit 32 thereafter aligns the position of
an object in the photographed image at time t0 being the last composite image with the
position of an object in the photographed image at time t1 being the latest pho-
tographed image.

The object alignment unit 43 performs alignment on the assumption that the pho-
tographed image at time t1 being the latest photographed image and the photographed
image at time tO being the last composite image do not vary much (do not have a big
difference) in the depth of field, namely, the identical object is in focus in both the
photographed image at time t1 being the latest photographed image and the pho-
tographed image at time tO being the last composite image.

The object alignment unit 43 performs alignment by detecting motion between the
photographed image at time t1 being the latest photographed image and the pho-
tographed image at time tO being the last composite image pixel by pixel, for example.

The motion detection can be performed by an arbitrary method, for example. The
motion detection can be performed by block matching or a Kanade Lucas Tomasi
(KLT) method based on a feature point, for example.

In the alignment performed by the object alignment unit 43, a motion vector is
detected pixel by pixel in the motion detection, and then the motion vector detected
pixel by pixel is used to find one or a plurality of representative vectors representing

motion from one or a plurality of points in the photographed image at time tO being the



12

WO 2016/203727 PCT/JP2016/002696

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

last composite image to one or a plurality of points in the photographed image at time
t1 being the latest photographed image.

Then, a projection transformation matrix that realizes projection transformation
matching the motion represented by the representative vector is computed, so that the
photographed image at time tO being the last composite image is subjected to
projection transformation according to the projection transformation matrix to align the
position of the photographed image at time tO being the last composite image with the
photographed image at time t1 being the latest photographed image.

The photographed image at time t0 being the last composite image and the pho-
tographed image at time t1 being the latest photographed image after the alignment are
then supplied from the alignment unit 32 to the composition unit 33 and composited.

That is, the feature data calculation unit 51 of the composition unit 33 calculates in-
focus feature data representing the degree to which a pixel is in focus in each of the
photographed image at time t1 being the latest photographed image and the pho-
tographed image at time tO being the last composite image, and supplies a feature data
image having the calculated in-focus feature data as a pixel value to the peak cal-
culation unit 52.

The in-focus feature data can be feature data having a large value for an in-focus
pixel and a small value for a blurred pixel, for example. Laplacian can be adopted as
such in-focus feature data, for example.

The peak calculation unit 52 refers to the feature data image from the feature data
calculation unit 51 and calculates (detects) a peak of the in-focus feature data in the
pixel at the identical position in each of the photographed image at time t1 being the
latest photographed image and the photographed image at time tO being the last
composite image.

Fig. 4 illustrates a pixel pl corresponding to the object obj1 in the photographed
image at time t1 being the latest photographed image and a pixel pO corresponding to
the object objl in the photographed image at time tO being the last composite image
and located in the position identical to the pixel p1, where the in-focus feature data of
the pixel pO corresponding to the object obj1 that is in focus is larger than the feature
data of the pixel p1 corresponding to the object objl that is out of focus. As a result,
the in-focus feature data of the pixel p0 is detected as the peak of the in-focus feature
data of the pixels pO and p1 at the identical position, and the detected peak being a
result of the detection is supplied from the peak calculation unit 52 to the image com-
position unit 53.

The image composition unit 53 generates the latest composite image by compositing
the photographed image at time t1 being the latest photographed image and the pho-

tographed image at time tO being the last composite image according to the detected
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peak from the peak calculation unit 52.

Specifically, the image composition unit 53 generates the latest composite image by
selecting, as a pixel of the latest composite image, a pixel with the larger in-focus
feature data being the detected peak, namely a pixel corresponding to the object that is
more in-focus, between the pixels at the identical position in each of the photographed
image at time t1 being the latest photographed image and the photographed image at
time t0 being the last composite image.

The composition unit 33 as described above composites the latest photographed
image and the last composite image that are aligned by the motion detection in the
alignment unit 32. The latest deep-focus composite image can thus be generated by
following motion even when an object with some degree of motion is in the latest pho-
tographed image and the last composite image.

Fig. 5 is a diagram illustrating a photographed image that is obtained while changing
a focus position in the photographing unit 11.

Fig. 5 illustrates a case where objects objl, obj2, and obj3 arranged in a real space
are photographed while changing the focus position.

Note that the objects objl, obj2, and obj3 are arranged in this order away from the
side of the photographing unit 11.

The focus position is shifted from a front side to a back side (as seen from the side of
the photographing unit 11) in photographing the objects objl to obj3.

Photographed images F#N and F#N+1 in Fig. 5 are adjacent frames of photographed
images, where the photographed image F#N+1 is obtained after the photographed
image F#N.

The depth of field when the photographed image F#N is obtained covers the
forefront object obj1 and the second forefront object obj2 but does not cover the object
obj3 arranged farthest back. Therefore, the objects objl and obj2 are in focus while the
object obj3 is out of focus in the photographed image F#N.

On the other hand, the depth of field when the photographed image F#N+1 is
obtained covers the second forefront object obj2 and the object obj3 arranged farthest
back but does not cover the forefront object obj1. Therefore, the objects obj2 and obj3
are in focus while the object obj1 is out of focus in the photographed image F#N+1.

The object obj2 is thus in focus in both of the photographed images F#N and F#N+1.

The focus position is shifted such that, as described above, one or more objects (the
object obj2 in Fig. 5) is/are in focus in the adjacent frames of the photographed images
F#N and F#N+1, namely, the depths of field of the adjacent frames of the pho-
tographed images F#N and F#N+1 overlap in part.

<First operational example of medical observation system>

Fig. 6 is a flowchart illustrating a first operational example of the medical ob-
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servation system illustrated in Fig. 1.

Specifically, Fig. 6 illustrates an operational example of the medical observation
system when the signal processing device 12 is configured as illustrated in Fig. 2.

In step S11, the control unit 35 sets a target value of the focus position to a default
value such as a minimum value of a range within which the focus position can be
shifted, then the operation proceeds to processing in step S12.

In step S12, the control unit 35 controls the drive control unit 34 to shift the focus
position to the target value, then the operation proceeds to processing in step S13.

In step S13, the photographing unit 11 performs photographing to obtain a pho-
tographed image while the focus position is at the target value and supplies the pho-
tographed image to the frame buffer 31, then the operation proceeds to processing in
step S14.

In step S14, the frame buffer 31 stores the photographed image from the pho-
tographing unit 11 as an image of interest, then the operation proceeds to processing in
step S15.

In step S15, the alignment unit 32 performs alignment between the image of interest
being the latest photographed image stored in the frame buffer 31 and the last
composite image stored in the frame buffer 31 as described with reference to Fig. 4.
Moreover, in step S15, the alignment unit 32 supplies the aligned image of interest and
last composite image to the composition unit 33, then the operation proceeds to
processing in step S16.

Here, the composite image stored in the frame buffer 31 is reset, namely deleted from
the frame buffer 31, at a predetermined timing.

The composite image is reset at the start of photographing, for example.

Therefore, at the start of photographing, the composite image is reset and not stored
in the frame buffer 31.

The composite image can also be reset in step S11 where the target value of the focus
position is set to the default value, for example. Moreover, the composite image can be
reset when a photographed image not suitable for generating a deep focus composite
image is obtained such as when large motion is detected from the photographed image,
and a composition restriction condition that restricts composition of the photographed
image (and resultant generation of a composite image) is satisfied.

The processing in each of steps S15 and S16 is skipped when the composite image is
not stored in the frame buffer 31, in which case the image of interest is stored as the
composite image into the frame buffer 31.

In step S16, as described above with reference to Fig. 4, the composition unit 33
calculates the in-focus feature data of the pixel in each of the aligned image of interest

and last composite image and, according to the calculated in-focus feature data,
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composites the image of interest and the last composite image to generate the latest
composite image.

Specifically, the composition unit 33 generates the latest composite image by
selecting, as a pixel of the latest composite image, the pixel that is more in focus
between the pixels in the image of interest and the last composite image according to
the in-focus feature data.

The composition unit 33 supplies the latest composite image to the frame buffer 31,
which stores the latest composite image by overwriting the last composite image
therewith, then the operation proceeds from the processing in step S16 to processing in
step S17.

Here, the latest composite image stored in the frame buffer 31 as described above is
used as a last composite image in step S15 performed in the next round of operation.

In step S17, the control unit 35 determines whether the target value of the focus
position is set to a maximum value of the range within which the focus position can be
shifted.

The operation proceeds to processing in step S18 when it is determined in step S17
that the target value is not set to the maximum value of the range within which the
focus position can be shifted, namely when the target value is smaller than the
maximum value of the range within which the focus position can be shifted.

In step S18, the control unit 35 increases the target value of the focus position by a
predetermined value from the current value, then the operation returns to the
processing in step S12.

In step S12, as described above, the control unit 35 controls the drive control unit 34
to shift the focus position to the target value. The similar processing is repeated from
then on so that the photographed image is obtained while changing the focus position
and that the latest photographed image and the last composite image are composited.

On the other hand, the operation proceeds to processing in step S19 when itis de-
termined in step S17 that the target value is set to the maximum value of the range
within which the focus position can be shifted, namely when a plurality of pho-
tographed images is obtained while shifting the focus position across the range within
which the focus position can be shifted.

In step S19, the composition unit 33 outputs the latest composite image to be
displayed in the display device 13 (Fig. 1), then the operation returns to the processing
in step S11.

In the first operational example, the plurality of photographed images is obtained
while shifting the focus position across the range within which the focus position can
be shifted, and then the composite image is generated by using all of the plurality of
photographed images and output/displayed to/in the display device 13.
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Therefore, in the first operational example, the frame rate of the composite image
displayed in the display device 13 is lower than the frame rate of the photographed
image obtained in the photographing unit 11 by the amount corresponding to the
number of frames of the photographed images used to generate the composite image.

<Second operational example of medical observation system>

Fig. 7 is a flowchart illustrating a second operational example of the medical ob-
servation system illustrated in Fig. 1.

Specifically, Fig. 7 illustrates another operational example of the medical observation
system when the signal processing device 12 is configured as illustrated in Fig. 2.

In the second operational example, processing similar to the processing performed in
each of steps S11 to S16 of the first operational example in Fig. 6 is performed in each
of steps S21 to S26.

In step S26, the composition unit 33 generates a latest composite image and supplies
it to the frame buffer 31, which stores the latest composite image by overwriting the
last composite image therewith, then the operation proceeds to processing in step S27.

In step S27, the composition unit 33 outputs the latest composite image to be
displayed in the display device 13 (Fig. 1) as with step S19 of the first operational
example in Fig. 6, then the operation proceeds to processing in step S28.

In each of steps S28 and S29, processing similar to the processing performed in each
of steps S17 and S18 of the first operational example in Fig. 6 is performed.

In the first operational example of Fig. 6, as described above, the plurality of pho-
tographed images is obtained while shifting the focus position across the range within
which the focus position can be shifted, and then the composite image is generated by
using all of the plurality of photographed images and output/displayed to/in the display
device 13.

On the other hand, what is common to the first operational example in the second op-
erational example of Fig. 7 is that a plurality of photographed images is obtained while
shifting the focus position across the range within which the focus position can be
shifted.

However, in the second operational example, a latest composite image is output/
displayed to/in the display device 13 in step S27 every time the latest composite image
is generated by using the latest photographed image (image of interest) in step S26 cor-
responding to S16 of the first operational example.

Therefore, in the second operational example, the frame rate of the composite image
displayed in the display device 13 corresponds with the frame rate of the photographed
image obtained by the photographing unit 11.

Note that a user can perform an operation or the like to select whether to generate the

composite image by using all of the plurality of photographed images obtained while



17

WO 2016/203727 PCT/JP2016/002696

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

shifting the focus position across the range within which it can be shifted and output
the composite image to the display device 13 as described in the first operational
example of Fig. 6, or to output the latest composite image to the display device 13
every time the latest composite image is generated by using the latest photographed
image as described in the second operational example of Fig. 7.

Between the first and second operational examples, there will be described an
example where, as described in the first operational example, the composite image is
generated by using all of the plurality of photographed images obtained while shifting
the focus position across the range within which the focus position can be shifted and
then output to the display device 13.

<Third operational example of medical observation system>

Fig. 8 is a flowchart illustrating a third operational example of the medical ob-
servation system illustrated in Fig. 1.

Specifically, Fig. 8 illustrates yet another operational example of the medical ob-
servation system when the signal processing device 12 is configured as illustrated in
Fig. 2.

In the third operational example, processing similar to the processing performed in
each of steps S11 to S18 of the first operational example in Fig. 6 is performed in each
of steps S31 to S38.

In step S37, as with the corresponding step S17 of the first operational example, the
control unit 35 determines whether the target value of the focus position is set to a
maximum value of the range within which the focus position can be shifted.

The operation proceeds to processing in step S39 when it is determined in step S37
that the target value is set to the maximum value of the range within which the focus
position can be shifted.

In step S39, the control unit 35 determines whether a composition restriction
condition that restricts composition of the photographed image (and resultant
generation of a composite image) is satisfied.

Here, the composition restriction condition can be a case where a photographed
image not suitable for generating a deep focus composite image is obtained or a case
where a user does not desire to obtain a deep focus image, for example.

The photographed image not suitable for generating the deep focus composite image
is obtained when, for example, reliability of the angle of view adjustment performed
on the image of interest and the last composite image is less than or equal to a
threshold, the angle of view adjustment being performed in the alignment between the
image of interest and the last composite image in step S35.

In the angle of view adjustment, as described with reference to Fig. 4, there is

obtained the angle of view with the highest correlation value between the image of
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interest (photographed image at time t1 being the latest photographed image) and the
last composite image (photographed image at time tO being the last composite image),
and the angle of view of the last composite image is adjusted to the angle of view
obtained.

The reliability of the angle of view adjustment can be indicated by the correlation
value between the image of interest and the last composite image when the angle of
view of the last composite image is adjusted, for example.

Moreover, the photographed image not suitable for generating the deep focus
composite image is obtained when, for example, reliability of the motion detection
performed on the image of interest and the last composite image is less than or equal to
a threshold, the motion detection being performed in compositing the image of interest
and the last composite image in step S36.

The reliability of the motion detection can be indicated by a value inversely pro-
portional to a Sum of Absolute Difference (SAD) or the like being an evaluation value
that is used to detect a motion vector in block matching performed as motion detection
and evaluates similarity between blocks, for example.

Furthermore, the photographed image not suitable for generating the deep focus
composite image is obtained when, for example, the degree of the motion detected in
the image of interest and the last composite image in the motion detection is higher
than or equal to a threshold, the motion detection being performed in compositing the
image of interest and the last composite image in step S36.

When a user systematically performs panning or zooming by operating the pho-
tographing unit 11 or when the degree of motion of an object is large relative to shift
speed of the focus position, for example, it is more difficult to align the objects in the
image of interest and the last composite image, thereby possibly causing considerable
motion blur in a composite image.

The case where the degree of motion detected in the image of interest and the last
composite image in the motion detection is higher than or equal to the threshold can be
set as the composition restriction condition to be able to prevent generation of the
aforementioned composite image with considerable motion blur.

The user does not desire to obtain the deep focus image when, for example, a pho-
tographed image includes a living body such as a surgical site of a human body un-
dergoing an operation as well as a treatment tool such as forceps used to perform a
treatment on the surgical site where the treatment tool is intentionally moved (the
treatment tool is moved toward the surgical site, for example) by the user (who
operates the treatment tool).

One can see whether the treatment tool is in motion by image recognition rec-

ognizing that the treatment tool is included in the photographed image and detecting
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motion of the treatment tool, for example.

One can also see whether the treatment tool is in motion on the basis of a state of a
button (not shown) operated to be in an on state when the treatment tool is handled by
the user, for example.

Moreover, the user does not desire to obtain the deep focus image when, for
example, a button (not shown) operated when the user does not desire to obtain the
deep focus image is operated.

The operation proceeds to processing in step S40 when it is determined in step S39
that the composition restriction condition is satisfied.

In step S40, the composition unit 33 reads from the frame buffer 31 one of the
plurality of photographed images used to generate the latest composite image, namely
a single frame of photographed image focused on the center or the like through the
alignment unit 32.

The composition unit 33 then selects the photographed image read from the frame
buffer 31 and focused on the center as the latest composite image, then the operation
proceeds from the processing in step S40 to processing in step S41.

On the other hand, the operation skips the processing in step S40 and proceeds to the
processing in step S41 when it is determined in step S39 that the composition re-
striction condition is not satisfied.

In step S41, the composition unit 33 outputs the latest composite image to be
displayed in the display device 13 (Fig. 1) as with step S19 of the first operational
example in Fig. 6, then the operation returns to the processing in step S31.

In the third operational example of Fig. 8, the composite image formed by com-
positing the plurality of photographed images obtained while changing the focus
position is output/displayed to/in the display device 13 when the composition re-
striction condition is not satisfied whereas, when the composition restriction condition
is satisfied, one of the plurality of photographed images is output/displayed to/in the
display device 13 due to output restriction on the composite image formed by com-
positing the plurality of photographed images obtained while changing the focus
position.

As aresult, there can be prevented a case where the composite image formed by
compositing the plurality of photographed images obtained while changing the focus
position is displayed in the display device 13 when the user intentionally moves the
treatment tool largely toward the surgical site and does not particularly feel the need of
EDoF, for example.

Moreover, there can be prevented a case where an image with considerable motion
blur is displayed in the display device 13 when the plurality of photographed images
with a large degree of motion caused by strong shaking of the photographing unit 11 is
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obtained and composited, for example.

On the other hand, it is desirable for the medical observation system being medical
equipment to prevent interruption of the image displayed in the display device 13 as
much as possible and keep displaying the image in the display device 13 considering
the nature of the system.

In the third operational example of Fig. 8, the photographed image focused on the
center instead of the composite image with considerable motion blur is displayed in the
display device 13 when the composition restriction condition is satisfied, namely when
the composite image with the considerable motion blur caused by strong shaking of the
photographing unit 11 is generated, for example.

As aresult, there can be prevented displaying of the composite image with con-
siderable motion blur in the display device 13 as well as interruption of the image
displayed in the display device 13.

<Second configuration example of signal processing device 12>

Fig. 9 is a block diagram illustrating a second configuration example of the signal
processing device 12 in Fig. 1.

Note that in the figure, a part corresponding to the one in Fig. 2 is assigned the same
reference numeral as that in Fig. 2 to omit description of such part as appropriate.

The signal processing device 12 in Fig. 9 includes a frame buffer 31 to a control unit
35 as well as a depth estimation unit 61, a range setting unit 62 and a range storing unit
63.

Therefore, what is common to Fig. 2 in Fig. 9 is that the signal processing device 12
includes the frame buffer 31 to the control unit 35.

The signal processing device 12 in Fig. 9 is however different from that in Fig. 2 in
that the depth estimation unit 61, the range setting unit 62 and the range storing unit 63
are newly provided.

The depth estimation unit 61 estimates the depth of an object in a photographed
image obtained by a photographing unit 11 and supplies a depth map in which depth
information indicating the depth is registered to the range setting unit 62.

Here, for example, the depth of the object can be estimated from a parallax between
an L image and an R image forming a 3D image photographed by the photographing
unit 11 when the photographing unit 11 is a so-called 3D camera capable of pho-
tographing a 3D image.

The depth can also be estimated by measuring Time of Flight (ToF) with use of a
laser or irradiating the object with a specific pattern such as textured light, for example.
Moreover, the depth of the object can be estimated on the basis of a state of an optical
system 22 controlled by an Auto Focus (AF) function when the medical observation

system of Fig. 1 is equipped with the AF function.
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[0201]  The range setting unit 62 uses the depth map from the depth estimation unit 61 as ap-
propriate, sets a range within which the focus position is shifted (hereinafter also
referred to as a focus shift range) according to an operation of a user or the like, and
supplies the range to the range storing unit 63.

[0202]  The range storing unit 63 stores the focus shift range supplied from the range setting
unit 62.

[0203]  While the drive control unit 34 of the signal processing device 12 in Fig. 2 shifts the
focus position across the range within which the focus position can be shifted (from the
minimum value to the maximum value of the range within which the focus position
can be shifted), a drive control unit 34 of the signal processing device 12 in Fig. 9
shifts the focus position across the focus shift range stored in the range storing unit 63.

[0204]  Accordingly, the photographing unit 11 of Fig. 9 performs photographing to obtain a
photographed image while changing the focus position within the focus shift range set
according to the user operation.

[0205]  Fig. 10 is a diagram illustrating an example of setting the focus shift range in the
range setting unit 62.

[0206]  As with Fig. 5, objects objl, obj2, and obj3 in Fig. 10 are arranged in this order
toward the back in a real space.

[0207]  Then, as illustrated in Fig. 10, the focus shift range is set such that positions of the
two objects obj2 and obj3 at the back among the objects obj1 to obj3 are included as
the focus positions.

[0208]  Assuming that the positions of the objects objl to obj3 are included in the range
within which the focus position can be shifted and when the focus shift range is set to
the range within which the focus position can be shifted, an image in which all the
objects objl to obj3 are in focus is generated as a composite image.

[0209]  On the other hand, when the focus shift range is set to include the positions of the
two objects obj2 and obj3 among the objects objl to obj3 as illustrated in Fig. 10, an
image in which the two objects obj2 and obj3 out of the objects obj1 to obj3 are in
focus is generated as a composite image.

[0210]  As aresult, the focus position in obtaining the photographed image used to generate
the composite image can be limited by setting the focus shift range according to the
user operation as described above. The limitation on the focus position can reduce the
number of frames of the photographed images used to generate the composite image
and, as a result, a composite image to be displayed in a display device 13 can be
generated at a shorter interval to be able to increase the frame rate of the composite
image to a high frame rate.

[0211]  <Fourth operational example of medical observation system>

[0212]  Fig. 11 is a flowchart illustrating a fourth operational example of the medical ob-
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servation system illustrated in Fig. 1.

Specifically, Fig. 11 illustrates an operational example of the medical observation
system when the signal processing device 12 is configured as illustrated in Fig. 9.

In the fourth operational example, the depth estimation unit 61 in step S51 estimates
the depth, generates a depth map in which depth information of an object is registered
and supplies the depth map to the range setting unit 62, then the operation proceeds to
processing in step S52.

In step S52, the range setting unit 62 waits for a user operation or the like and,
according to the operation, sets a focus shift range within which the focus position is
shifted and supplies it to the range storing unit 63, then the operation proceeds to
processing in step S53.

Here, the user can specify the focus shift range by operating a touch panel that is not
shown or the like.

The user can specify the focus shift range by inputting an absolute distance in mil-
limeters (mm) as the minimum value and maximum value of the focus shift range, for
example. The user can also specify the focus shift range by inputting the range toward
the front and back in the depth direction from the center being the focus position
(in-focus position) determined by AF, for example.

The user can also specify the focus shift range by specifying the object in the pho-
tographed image obtained by the photographing unit 11, for example.

In this case, the range setting unit 62 uses the depth map obtained in the depth es-
timation unit 61 and sets the focus shift range.

That is, when the user specifies the object in an image displayed in the display device
13, for example, the range setting unit 62 refers to the depth map and acknowledges a
range in the depth direction where the object specified by the user is present. The range
setting unit 62 then sets the range in the depth direction where the object specified by
the user is present as the focus shift range.

When the user specifies a plurality of objects, the range setting unit 62 sets, as the
focus shift range, a range between positions corresponding to the forefront object and
the object located farthest back among the plurality of objects.

Note that the focus shift range is set within the range the focus position can be
shifted.

The signal processing device 12 of Fig. 9 can also be configured without including
the depth estimation unit 61 when the range setting unit 62 does not use the depth map
in setting the focus shift range.

In step S53, the range storing unit 63 stores the focus shift range supplied from the
range setting unit 62.

Here, the focus shift range stored in the range storing unit 63 is updated every time
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the user performs an operation to specify the focus shift range.

Following step S53, the operation proceeds to processing in step 561, from which on
the focus position is shifted across the focus shift range stored in the range storing unit
63 to obtain a photographed image and generate a composite image.

Specifically, a control unit 35 in step S61 sets a target value of the focus position to a
default value such as the minimum value of the focus shift range stored in the range
storing unit 63, then the operation proceeds to processing in step S62.

In each of steps S62 to S66, processing similar to the processing performed in each
of steps S12 to S16 of the first operational example in Fig. 6 is performed.

The operation then proceeds from the processing in step S66 to processing in step
567, in which the control unit 35 determines whether the target value of the focus
position is set to the maximum value of the focus shift range stored in the range storing
unit 63.

The operation proceeds to processing in step S68 when it is determined in step S67
that the target value is not set to the maximum value of the focus shift range, namely
when the target value is smaller than the maximum value of the focus shift range.

As with step S18 of the first operational example in Fig. 6, the control unit 35 in step
568 increases the target value of the focus position by a predetermined value from the
current value, then the operation returns to the processing in step S62, from which on
the similar processing is repeated.

Accordingly, the photographed image is obtained while changing the focus position
across the focus shift range set according to the user operation, and then the composite
image is generated.

On the other hand, the operation proceeds to processing in step S69 when itis de-
termined in step S67 that the target value is set to the maximum value of the focus shift
range, namely when a plurality of photographed images is obtained while shifting the
focus position across the focus shift range.

In step S69, a composition unit 33 outputs a latest composite image to be displayed
in the display device 13 (Fig. 1) as with step S19 of the first operational example in
Fig. 6, then the operation returns to the processing in step S61.

In the fourth operational example, as described above, the plurality of photographed
images is obtained while shifting the focus position across the focus shift range set
according to the user operation, and the composite image is generated by using the
plurality of photographed images.

As aresult, there can be displayed a composite image in which only the object in the
depth range intended (desired) by the user is in focus.

Moreover, the time it takes to shift the focus position is reduced when the focus shift

range set according to the user operation is narrower than the range within which the
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focus position can be shifted, whereby the frame rate of the composite image displayed
in the display device 13 can be increased to a high frame rate.

<Third configuration example of signal processing device 12>

Fig. 12 is a block diagram illustrating a third configuration example of the signal
processing device 12 of Fig. 1.

Note that in the figure, a part corresponding to the one in Fig. 2 is assigned the same
reference numeral as that in Fig. 2 to omit description of such part as appropriate.

The signal processing device 12 in Fig. 12 includes a frame buffer 31 to a control
unit 35 as well as a score calculation unit 71, an AF control unit 72, a buffer 73 and a
peak detection unit 74.

Therefore, what is common to Fig. 2 in Fig. 12 is that the signal processing device 12
includes the frame buffer 31 to the control unit 35.

The signal processing device 12 in Fig. 12 is however different from that in Fig. 2 in
that the score calculation unit 71, the AF control unit 72, the buffer 73 and the peak
detection unit 74 are newly provided.

The signal processing device 12 in Fig. 12 has an AF function.

Specifically, the score calculation unit 71 calculates a focus score that evaluates
focus in a (latest) photographed image stored in the frame buffer 31.

The focus score can be indicated by a physical quantity representing the degree of
contrast in the photographed image, for example. A contrast AF method is employed in
this case.

The score calculation unit 71 sets an AF frame demarcating the range of the pho-
tographed image for which the focus score is calculated at a predetermined position, or
at the center of the photographed image, for example. The score calculation unit 71
then uses the photographed image within the AF frame to calculate the focus score and
supplies the score to the AF control unit 72 and the buffer 73.

The AF control unit 72 controls the AF according to the focus score supplied from
the score calculation unit 71.

Specifically, the AF control unit 72 determines a shift amount (including a direction)
of the focus position such that the focus position is shifted to have a higher focus score,
and controls the drive control unit 34 such that the focus position is shifted by the shift
amount.

The buffer 73 stores the focus score from the score calculation unit 71. The buffer 73
can be formed of a First In First Out (FIFO) memory with 2N+1 tiers, for example, in
which case the buffer 73 can store latest 2N+1 frames of focus scores.

The peak detection unit 74 detects a peak, namely a local maximum score being a
local maximum value (including the maximum value), from the focus score stored in

the buffer 73 and supplies the detected local maximum score to the control unit 35.
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Fig. 13 is a graph illustrating an example of a relationship between the focus position
and the focus score.

Fig. 13 illustrates an example where the focus position is shifted in the order of
positions P1, P2, P3, P4, PS5, and P6 by the contrast AF method and shifted to the in-
focus position P6 in the end at which the focus score has the maximum value.

That is, in the contrast AF method, the focus position is shifted to have a higher focus
score until the focus position is shifted to the vicinity of the in-focus position P6. Once
the focus position reaches the vicinity of the in-focus position P6, the focus position is
shifted to straddle the in-focus position P6 (to go back and forth over the in-focus
position P6) in order to detect the in-focus position P6.

Fig. 13 illustrates the case where the focus position is first shifted to the right in the
figure in the order of the positions P1, P2, and P3. The focus score increasing as the
focus position is shifted from the position P1 to the position P2 decreases at the
position P3, whereby the focus position is shifted to the left in a reverse direction from
the position P3 to the position P4. After that, the focus position is again shifted to the
right from the position P4 to the position P5, and again to the left from the position P5
to reach the in-focus position P6.

Therefore, in the contrast AF method as described above, it takes time for the focus
position to be shifted to the in-focus position P6 since the focus position is shifted to
straddle the in-focus position P6 in the vicinity thereof.

The signal processing device 12 in Fig. 12 detects the peak of the focus score,
namely the local maximum score (not necessarily the maximum value), from the focus
score and generates a composite image by using composition target images being a
plurality of photographed images obtained at the focus position that is the focus
position corresponding to the local maximum score and is in a predetermined range
including a peak position.

Here, the focus score increasing from the position P1 to the position P2 decreases at
the position P3 in Fig. 13, whereby it is detected that the focus score at the position P2
is the local maximum score and thus the position P2 is the peak position.

Once the local maximum score is detected, the signal processing device 12 in Fig. 12
stops shifting the focus position performed as AF. Moreover, a predetermined range R
including the peak position P2 that is the position P2 at which the local maximum
score is detected is set as a composition target focus range R being the range of the
focus position of the photographed images to be the composition target images.

The composite image is then generated by using the composition target images being
the photographed images obtained at the focus position in the composition target focus
range R.

Note that the predetermined range R is set within the range in which the focus
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position can be shifted.

When the composite image is generated as described above in conjunction with the
AF function and by using the composition target images being the plurality of pho-
tographed images obtained at the focus position in the predetermined range R that
includes the peak position of the focus score, a deep focus composite image can be
obtained by using the photographed images obtained up until the focus position is
shifted to the in-focus position P6 by the AF function.

Therefore, the focus position need only be shifted to the vicinity of the in-focus
position P6, not to the in-focus position P6, in AF so that AF can be substantially
increased in speed.

Moreover, there can be prevented a case where, in generating a composite image, a
photographed image is obtained at a focus position away from the position of the
object in a real space photographed by the photographing unit 11. In other words, there
can be prevented a case where a photographed image not focused on any object is
obtained. The composite image can be generated faster as a result, and thus the frame
rate of the composite image can be increased to a high frame rate.

<Fifth operational example of medical observation system>

Fig. 14 is a flowchart illustrating a fifth operational example of the medical ob-
servation system illustrated in Fig. 1.

Specifically, Fig. 14 illustrates an operational example of the medical observation
system when the signal processing device 12 is configured as illustrated in Fig. 12.

In step S71, a photographing unit 11 performs photographing to obtain a pho-
tographed image and supplies the photographed image to the frame buffer 31, then the
operation proceeds to processing in step S72.

In step S72, the frame buffer 31 stores the photographed image supplied from the
photographing unit 11, then the operation proceeds to processing in step S73.

In step S73, the score calculation unit 71 calculates a focus score by using a pho-
tographed image within the AF frame set at a predetermined position among the
(latest) photographed images stored in the frame buffer 31 and supplies the focus score
to the AF control unit 72 and the buffer 73, then the operation proceeds to processing
in step S74.

In step S74, the buffer 73 stores the focus score supplied from the score calculation
unit 71, then the operation proceeds to processing in step S75.

In step S75, the peak detection unit 74 performs detection of a local maximum score
from the focus score stored in the buffer 73 and determines whether the local
maximum score is successfully detected.

The operation proceeds to processing in step S76 when it is determined in step S75

that the local maximum score is not successfully detected. In step S76, the composition
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unit 33 reads the latest photographed image from the frame buffer 31 through the
alignment unit 32 and outputs the latest photographed image to a display device 13 as a
latest composite image, then the operation proceeds to processing in step S77. Step
S76 can be skipped here.

In step S77, the AF control unit 72 determines a shift amount of the focus position to
have a higher focus score according to the focus score supplied from the score cal-
culation unit 71, then the operation proceeds to processing in step S78.

In step S78, the AF control unit 72 controls the drive control unit 34 to shift the focus
position by the shift amount determined in step S77, whereby the focus position is
shifted by the shift amount determined in step S77.

The operation thereafter returns from the processing in step S78 to step S71, and the
processing in each of steps S71 to S78 is repeated until it is determined in step S75 that
the local maximum score is detected.

The operation then proceeds to processing in step S80 when it is determined in step
S75 that the local maximum score is detected.

In step S80, the control unit 35 sets a predetermined range R of the focus position
with the center being a peak position that is the focus position at which the local
maximum score is detected as a composition target focus range R being the range of
the focus position of the photographed images to be used as composition target images.

Moreover, from among the photographed images obtained at the focus positions
within the composition target focus range R, the control unit 35 identifies 2N+1 frames
of photographed images as the composition target images, the 2N+1 frames of pho-
tographed images including 2N frames of photographed images obtained at N focus
positions preceding and following the peak position and a single frame of pho-
tographed image obtained at the focus position being the peak position.

Note that when there is less than N frames of photographed images obtained at the
focus positions preceding or following the peak position among the photographed
images obtained at the focus positions within the composition target focus range R, all
photographed images obtained at the focus positions preceding or following the peak
position can be identified as the composition target images among the photographed
images obtained at the focus positions within the composition target focus range R, for
example.

Alternatively, the photographed images can be obtained while shifting the focus
position within the composition target focus range R such that N frames of pho-
tographed images are obtained at the focus positions preceding and following the peak
position.

The operation proceeds to processing in step S81 after the composition target images

are identified as described above in step S80.
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[0283]  Here, in the fifth operational example of Fig. 14, the composite image stored in the
frame buffer 31 can be reset when the composition target images are identified in step
S80.

[0284]  In step S81, the alignment unit 32 selects, as an image of interest, one photographed
image not yet selected as the image of interest from among the photographed images
being the composition target images stored in the frame buffer 31, then the operation
proceeds to processing in step S82.

[0285]  As with step S15 of the first operational example in Fig. 6, the alignment unit 32 in
step S82 performs alignment between the image of interest and the last composite
image stored in the frame buffer 31 and supplies the aligned image of interest and last
composite image to the composition unit 33, then the operation proceeds to processing
in step S83.

[0286]  Here, as is the case with the example in Fig. 6, the processing in each of steps S82
and S83 is skipped when the composite image is not stored in the frame buffer 31, in
which case the image of interest is stored as the composite image into the frame buffer
31.

[0287]  As with step S16 of the first operational example in Fig. 6, the composition unit 33 in
step S83 calculates in-focus feature data of a pixel in each of the aligned image of
interest and last composite image and, according to the in-focus feature data,
composites the image of interest and the last composite image to generate a latest
composite image.

[0288]  The composition unit 33 also supplies the latest composite image to the frame buffer
31, which stores the latest composite image by overwriting the last composite image
therewith, then the operation proceeds from the processing in step S83 to processing in
step S84.

[0289]  In step S84, the alignment unit 32 determines whether all the composition target
images are selected as the images of interest.

[0290]  When it is determined in step S84 that not all the composition target images are
selected as the images of interest yet, the operation returns to the processing in step
S81, from which on the similar processing is repeated.

[0291]  On the other hand, the operation proceeds to processing in step S85 when itis de-
termined in step S84 that all the composition target images are selected as the images
of interest, or when a composite image using all the composition target images is
generated as the latest composite image.

[0292]  In step S85, the composition unit 33 outputs the latest composite image to be
displayed in the display device 13, then the operation returns to the processing in step
S71.

[0293]  Note that while the focus position is shifted until the local maximum score, namely
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the peak position, is detected as the AF function performed in steps S71 to S78 in Fig.
14, the AF function can also be performed to shift the focus position until the
maximum value of the focus score is detected, namely until the in-focus position is
detected, for example.

In this case, in the AF function, the composite image can be generated by using com-
position target images including a photographed image obtained at the in-focus
position and photographed images obtained at a plurality of focus positions preceding
and following the in-focus position.

<Fourth configuration example of signal processing device 12>

Fig. 15 is a block diagram illustrating a fourth configuration example of the signal
processing device 12 in Fig. 1.

Note that in the figure, a part corresponding to the one in Fig. 12 is assigned the same
reference numeral as that in Fig. 12 to omit description of such part as appropriate.

The signal processing device 12 in Fig. 15 includes a frame buffer 31 to a control
unit 35, a score calculation unit 71 to a peak detection unit 74, and an AF frame setting
unit 81.

Therefore, what is common to Fig. 12 in Fig. 15 is that the signal processing device
12 includes the frame buffer 31 to the control unit 35 as well as the score calculation
unit 71 to the peak detection unit 74.

The signal processing device 12 in Fig. 15 is however different from that in Fig. 12
in that the AF frame setting unit 81 is newly provided.

The signal processing device 12 in Fig. 15 has an AF function as is the case with the
example in Fig. 12.

However, an AF frame is set at a predetermined position such as the center of a pho-
tographed image in the example illustrated in Fig. 12 whereas, in the example il-
lustrated in Fig. 15, the signal processing device can set an AF frame at a position
specified by a user in a photographed image.

Specifically, the AF frame setting unit 81 sets the AF frame according to an AF
mode and supplies it to the score calculation unit 71.

The score calculation unit 71 calculates a focus score by using the photographed
image within the AF frame supplied from the AF frame setting unit 81.

Here, the AF mode includes a normal mode and a specification mode.

The AF mode is set to the normal mode or the specification mode according to an
operation of a user, for example.

In the normal mode, the AF frame setting unit 81 sets the AF frame at a default
position, namely at a predetermined position such as the center of the photographed
image.

In the specification mode, the AF frame setting unit 81 sets the AF frame at a
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position specified by the user on a photographed image according to an operation of
the user.

When the user specifies a position at an edge of the photographed image, for
example, the AF frame setting unit 81 sets the AF frame at the edge position.

<AF frame setting processing>

Fig. 16 is a flowchart illustrating an example of processing that sets the AF frame in
the signal processing device 12 of Fig. 15.

In step S91, the AF frame setting unit 81 determines whether a selection operation of
selecting the AF mode is performed by the user.

When it is determined in step S91 that the selection operation of selecting the AF
mode is performed by the user, the operation proceeds to processing in step S92, in
which the AF frame setting unit 81 sets (changes) the AF mode to the normal mode or
specification mode according to the selection operation by the user, then the operation
proceeds to processing in step S93.

On the other hand, the operation skips the processing in step S92 and proceeds to the
processing in step S93 when it is determined in step S91 that the selection operation of
selecting the AF mode is not performed by the user.

In step S93, the AF frame setting unit 81 determines the (current) AF mode.

When it is determined in step S93 that the AF mode is set to the normal mode, the
operation proceeds to processing in step S94, in which the AF frame setting unit §1
sets the AF frame at the center of the photographed image or the like as a default
position, then the operation returns to the processing in step S91.

When it is determined in step S93 that the AF mode is set to the specification mode,
the operation proceeds to processing in step S95 where the AF frame setting unit waits
for the user to perform a specification operation of specifying the AF frame and sets
the AF frame at a position on the photographed image specified by the specification
operation, then the operation returns to the processing in step S91.

Here, the specification operation can be performed by touching the position on the
photographed image displayed in a display device 13, for example.

Note that the present technology can be applied not only to an image obtained by
photographing a human body but also an image obtained by photographing a living
body other than the human body.

The present technology can also be applied to an image obtained by photographing
an object other than the living body.

Moreover, the present technology can be applied to an arbitrary device with a pho-
tographing function other than medical equipment such as a digital camera, a vehicle-
mounted image sensor, a surveillance camera installed for surveillance and security of

agricultural products, and an industrial endoscope (fiberscope) system.
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Furthermore, the present technology can be applied to an image photographed by a
device photographing visible light as well as an image photographed by a device pho-
tographing non-visible light (electromagnetic wave).

<Description of computer to which present technology is applied>

The series of processings performed by the signal processing device 12 can be im-
plemented by hardware or software. When the series of processings are implemented
by software, a program configuring the software is installed on a general-purpose
computer or the like.

Now, Fig. 17 illustrates a configuration example of an embodiment of a computer
installed with the program implementing the series of processings.

The program can be recorded beforehand in a hard disk 105 or a ROM 103 being a
recording medium built into the computer.

Alternatively, the program can be stored (recorded) in a removable recording
medium 111. The removable recording medium 111 can then be provided as so-called
packaged software. Here, the removable recording medium 111 can be a flexible disk,
a Compact Disc Read Only Memory (CD-ROM), a Magneto Optical (MO) disk, a
Digital Versatile Disc (DVD), a magnetic disk, or a semiconductor memory, for
example.

Note that the program can be installed on the computer from the removable recording
medium 111 or downloaded to the computer via a communication network or
broadcast network and installed on the built-in hard disk 105. Specifically, the program
can be transmitted by radio from a download site to the computer via a satellite used
for digital satellite broadcast or transmitted to the computer in a wired manner via a
network such as a Local Area Network (LAN) or the Internet, for example.

A Central Processing Unit (CPU) 102 is incorporated into the computer and
connected to an input/output interface 110 through a bus 101.

When a command is input by a user operation or the like on an input unit 107
through the input/output interface 110, the CPU 102 runs a program stored in the Read
Only Memory (ROM) 103 according to the command. Alternatively, the CPU 102 runs
a program stored in the hard disk 105 by loading it to a Random Access Memory
(RAM) 104.

The CPU 102 then performs the processing according to the aforementioned
flowchart or the processing performed by the configuration illustrated in the afore-
mentioned block diagram. Then, the CPU 102 for example outputs or transmits the
processing result from an output unit 106 or a communication unit 108 through the
input/output interface 110 and records the result in the hard disk 105 as needed.

Note that the input unit 107 is formed of a keyboard, a mouse, a microphone and the
like. The output unit 106 is formed of a Liquid Crystal Display (LCD), a speaker and
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according to the program does not have to be performed in time series in the order
described in the flowchart. In other words, the processing performed by the computer
according to the program includes processing performed in parallel or individually
(such as parallel processing or processing by an object).

The program may be processed by a single computer (processor) or processed in a
distributed manner by a plurality of computers. The program may also be transferred to
a remote computer and run.

Moreover, in the present specification, the system refers to the assembly of a
plurality of components (such as devices and modules (parts)) where it does not matter
whether or not all the components are housed in the same housing. Accordingly, a
plurality of devices housed in separate housings and connected through a network as
well as a device with a plurality of modules housed in a single housing are both
systems.

Note that the embodiments of the present technology are not limited to the afore-
mentioned embodiments, where various modifications can be made without departing
from the scope of the present technology.

The present technology can for example employ cloud computing in which a single
function is shared and processed collaboratively among a plurality of devices through a
network.

Moreover, each step described in the aforementioned flowcharts can be performed by
a single device or can be shared and performed by a plurality of devices.

When a single step includes a plurality of processings, the plurality of processings
included in the single step can be performed by a single device or can be shared and
performed by a plurality of devices.

Furthermore, the effect described in the present specification is provided by way of
example and not by way of limitation, where there may be another effect.

Note that the present technology can have the following configuration.

ey

A medical image processing apparatus including:

circuitry configured to

generate a composite image by compositing a plurality of images obtained by
capturing with a medical imaging device a living body while changing a focus
position, and

switch output between the generated composite image and one of the plurality of
images based on a result of analysis performed on at least one of the plurality of

images.
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The medical image processing apparatus according to (1), wherein the circuitry is
further configured to switch output between the generated composite image and one of
the plurality of images based on a manual input operation.

3)

The medical image processing apparatus according to (1)-(2), wherein the analysis
performed on at least one of the plurality of images includes analysis of an angle of
view adjustment.

4

The medical image processing apparatus according to (1)-(3), wherein the analysis
performed on at least one of the plurality of images includes motion detection.

&)

The medical image processing apparatus according to (1)-(4), wherein the analysis
performed on at least one of the plurality of images includes image recognition that
recognizes a treatment tool in the at least one of the plurality of images.

(6)

The medical image processing apparatus according to (1)-(5), wherein the circuitry is
configured to switch the output between the generated composite image and one of the
plurality of images based on the result of the analysis being lower than or equal to a
predetermined threshold.

@)

The medical image processing apparatus according to (2), wherein the manual input
operation includes an input via an interface on a treatment tool.

8)

The medical image processing apparatus according to (1)-(7), wherein the circuitry is
configured to generate the composite image by selecting a pixel of a previous
composite image or a pixel of a newly captured image that is in focus and compositing
the previous composite image and the latest captured image.

€))

The medical image processing apparatus according to (1)-(8), wherein the medical
imaging device is configured to capture the plurality of images of the living body at an
imaging frame rate, and

the circuitry is configured to output the generated composite image or the one of the
plurality of images at a display frame rate, the display frame rate being equal to the
imaging frame rate.

(10)

The medical image processing apparatus according to (1)-(9), wherein the circuitry is

configured to output the generated composite image or the one of the plurality of
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images at a display frame rate, the display frame rate being at least 120 Hz.

(11)

The medical image processing apparatus according to (1)-(10), wherein the circuitry is
further configured to

perform alignment between the generated composite image and a newly captured
image, and

update the composite image by compositing the aligned composite image and newly
captured image.

(12)

The medical image processing apparatus according to (11), wherein the circuitry is
configured to adjust an angle of view of each of the generated composite image and the
newly captured image and perform alignment between the generated composite image
and the newly captured image after adjusting the angle of view.

(13)

The medical image processing apparatus according to (3)-(12), wherein the circuitry is
configured to switch output to the one of the plurality of images when the analysis de-
termines that a reliability of adjustment of the angle of view performed on each of the
generated composite image and a newly captured image is lower than or equal to a
threshold.

(14)

The medical image processing apparatus according to (11), wherein the circuitry is
configured to detect motion in each of the generated composite image and the newly
captured image and perform the alignment on the basis of a result of the motion
detection.

(15)

The medical image processing apparatus according to (4)-(14), wherein the circuitry is
configured to switch output to the one of the plurality of images when the analysis de-
termines that a reliability of the motion detection is lower than or equal to a threshold.
(16)

The medical image processing apparatus according to (1)-(15), wherein the plurality of
images is obtained by capturing with the medical imaging device the living body while
changing the focus position within a range determined based on depth information of
the living body.

(17)

The medical image processing apparatus according to (1)-(16), wherein the circuitry is
configured to generate the composite image by compositing the plurality of images
obtained at a focus position in a predetermined range including a peak position that is a

focus position at which a peak of a score, used in Auto Focus (AF), is obtained.
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(18)

The medical image processing apparatus according to (1)-(17), wherein the plurality of
images includes a left eye image and a right eye image.

(19)

A medical image processing method including:

generating a composite image by compositing a plurality of images obtained by
capturing with a medical imaging device a living body while changing a focus
position; and

switching output between the generated composite image and one of the plurality of
images based on a result of analysis performed on at least one of the plurality of
images.

20)

A medical observation system including:

a medical imaging device configured to capture a plurality of images of a living body
while changing a focus position; and

circuitry configured to

generate a composite image by compositing the plurality of images captured by the
medical imaging device, and

switch output between the generated composite image and one of the plurality of
images based on a result of analysis performed on at least one of the plurality of
images.

3y

The medical image processing apparatus according to (20), wherein the medical
imaging device is a surgical video microscope.

(22)

The medical image processing apparatus according to (20)-(21), wherein the medical
imaging device is an endoscope.

(23)

The medical image processing apparatus according to (20)-(22), wherein the medical
imaging device is configured to capture the plurality of images of the living body
during a medical procedure.

(24)

A medical image processing apparatus including a composition unit that generates a
composite image by compositing a plurality of photographed images obtained by pho-
tographing a living body while changing a focus position, and generates a latest
composite image by selecting a pixel of a last composite image or a pixel of a latest
photographed image that is in focus and compositing the last composite image and the

latest photographed image.
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(25)

The medical image processing apparatus according to (24), wherein the composition
unit outputs a photographed image as the composite image when a composition re-
striction condition that restricts composition is satisfied.

(26)

The medical image processing apparatus according to (25), wherein the composition
restriction condition is that a treatment tool photographed along with the living body in
the photographed image is in motion.

27)

The medical image processing apparatus according to (25) or (26), further including an
alignment unit that performs alignment between the composite image and the pho-
tographed image, wherein the composition unit composites the composite image and
the photographed image that are aligned.

(28)

The medical image processing apparatus according to (27), wherein the alignment unit
adjusts an angle of view of each of the composite image and the photographed image
and performs alignment between the composite image and the photographed image
after adjusting the angle of view.

(29)

The medical image processing apparatus according to (28), wherein the composition
restriction condition is that reliability of adjustment of the angle of view performed on
each of the composite image and the photographed image is lower than or equal to a
threshold.

(30

The medical image processing apparatus according to any of (27) to (29), wherein the
alignment unit detects motion in each of the composite image and the photographed
image and performs the alignment on the basis of a result of the motion detection.
(D

The medical image processing apparatus according to (30), wherein the composition
restriction condition is that reliability of the motion detection is lower than or equal to
a threshold.

(32)

The medical image processing apparatus according to any of (24) to (31), wherein a
photographing unit that performs photographing to obtain the photographed image
obtains the photographed image while changing the focus position within a range
according to a user operation.

(33)

The medical image processing apparatus according to any of (24) to (31), wherein the
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composition unit composites a plurality of photographed images obtained at a focus
position in a predetermined range including a peak position that is a focus position at
which a peak of a score used in Auto Focus (AF) is obtained.
(34)
The medical image processing apparatus according to any of (24) to (33), wherein the
photographing unit that performs photographing to obtain the photographed image
obtains a three-dimensional (3D) photographed image.
(35)
A medical image processing method including performing composition processing that
generates a composite image by compositing a plurality of photographed images
obtained by photographing a living body while changing a focus position, and
generates a latest composite image by selecting a pixel of a last composite image or a
pixel of a latest photographed image that is in focus and compositing the last
composite image and the latest photographed image.
(36)
A medical observation system including a photographing unit that photographs a living
body while changing a focus position, and a composition unit that generates a
composite image by compositing a plurality of photographed images photographed by
the photographing unit and generates a latest composite image by selecting a pixel of a
last composite image or a pixel of a latest photographed image that is in focus and
compositing the last composite image and the latest photographed image.
Reference Signs List

11 Photographing unit

12 Signal processing device

13 Display device

21 Light source

22 Optical system

23 Image sensor

31 Frame buffer

32 Alignment unit

33 Composition unit

34 Drive control unit

35 Control unit

41 Angle-of-view adjustment unit

42 Motion blur elimination unit

43 Object alignment unit

51 Feature data calculation unit
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52 Peak calculation unit
53 Image composition unit
61 Depth estimation unit
62 Range setting unit

63 Range storing unit

71 Score calculation unit
72 AF control unit

73 Buffer

74 Peak detection unit

81 AF frame setting unit
101 Bus

102 CPU

103 ROM

104 RAM

105 Hard disk

106 Output unit

107 Input unit

108 Communication unit
109 Drive

110 Input/output interface

111 Removable recording medium
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Claims

A medical image processing apparatus comprising:

circuitry configured to

generate a composite image by compositing a plurality of images
obtained by capturing with a medical imaging device a living body
while changing a focus position, and

switch output between the generated composite image and one of the
plurality of images based on a result of analysis performed on at least
one of the plurality of images.

The medical image processing apparatus according to claim 1, wherein
the circuitry is further configured to switch output between the
generated composite image and one of the plurality of images based on
a manual input operation.

The medical image processing apparatus according to claim 1, wherein
the analysis performed on at least one of the plurality of images
includes analysis of an angle of view adjustment.

The medical image processing apparatus according to claim 1, wherein
the analysis performed on at least one of the plurality of images
includes motion detection.

The medical image processing apparatus according to claim 4, wherein
the analysis performed on at least one of the plurality of images
includes image recognition that recognizes a treatment tool in the at
least one of the plurality of images.

The medical image processing apparatus according to claim 1, wherein
the circuitry is configured to switch the output between the generated
composite image and one of the plurality of images based on the result
of the analysis being lower than or equal to a predetermined threshold.
The medical image processing apparatus according to claim 2, wherein
the manual input operation includes an input via an interface on a
treatment tool.

The medical image processing apparatus according to claim 1, wherein
the circuitry is configured to generate the composite image by selecting
a pixel of a previous composite image or a pixel of a newly captured
image that is in focus and compositing the previous composite image
and the latest captured image.

The medical image processing apparatus according to claim 1, wherein

the medical imaging device is configured to capture the plurality of
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images of the living body at an imaging frame rate, and

the circuitry is configured to output the generated composite image or
the one of the plurality of images at a display frame rate, the display
frame rate being equal to the imaging frame rate.

The medical image processing apparatus according to claim 1, wherein
the circuitry is configured to output the generated composite image or
the one of the plurality of images at a display frame rate, the display
frame rate being at least 120 Hz.

The medical image processing apparatus according to claim 1, wherein
the circuitry is further configured to

perform alignment between the generated composite image and a newly
captured image, and

update the composite image by compositing the aligned composite
image and newly captured image .

The medical image processing apparatus according to claim 11,
wherein the circuitry is configured to adjust an angle of view of each of
the generated composite image and the newly captured image and
perform alignment between the generated composite image and the
newly captured image after adjusting the angle of view.

The medical image processing apparatus according to claim 3, wherein
the circuitry is configured to switch output to the one of the plurality of
images when the analysis determines that a reliability of adjustment of
the angle of view performed on each of the generated composite image
and a newly captured image is lower than or equal to a threshold.

The medical image processing apparatus according to claim 11,
wherein the circuitry is configured to detect motion in each of the
generated composite image and the newly captured image and perform
the alignment on the basis of a result of the motion detection.

The medical image processing apparatus according to claim 4, wherein
the circuitry is configured to switch output to the one of the plurality of
images when the analysis determines that a reliability of the motion
detection is lower than or equal to a threshold.

The medical image processing apparatus according to claim 1, wherein
the plurality of images is obtained by capturing with the medical
imaging device the living body while changing the focus position
within a range determined based on depth information of the living
body.

The medical image processing apparatus according to claim 1, wherein
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the circuitry is configured to generate the composite image by com-
positing the plurality of images obtained at a focus position in a prede-
termined range including a peak position that is a focus position at
which a peak of a score, used in Auto Focus (AF), is obtained.

The medical image processing apparatus according to claim 1, wherein
the plurality of images includes a left eye image and a right eye image.
A medical image processing method comprising:

generating a composite image by compositing a plurality of images
obtained by capturing with a medical imaging device a living body
while changing a focus position; and

switching output between the generated composite image and one of
the plurality of images based on a result of analysis performed on at
least one of the plurality of images.

A medical observation system comprising:

a medical imaging device configured to capture a plurality of images of
a living body while changing a focus position; and

circuitry configured to

generate a composite image by compositing the plurality of images
captured by the medical imaging device, and

switch output between the generated composite image and one of the
plurality of images based on a result of analysis performed on at least
one of the plurality of images.

The medical image processing apparatus according to claim 20,
wherein the medical imaging device is a surgical video microscope.
The medical image processing apparatus according to claim 20,
wherein the medical imaging device is an endoscope.

The medical image processing apparatus according to claim 20,
wherein the medical imaging device is configured to capture the

plurality of images of the living body during a medical procedure.



1/17

PCT/JP2016/002696

WO 2016/203727

[Fig. 1]

h m_n_oowozo__\/_._<o_m_m__\,_oz< v
WILSAS 3d00SO0ONT SV HONS

W3LSAS NOILVAYISEO TvOIdIN

L1
§

LINN ONIHdYH¥90LOHd
€l 4 e :
, ; m
30IA3Q m
DIAIT | < | JOSN3S
AY1dSId JOVNI ozﬁwzm%_m% Jovml | §| FOVAI WILSAS
m WOILdO
| Nz N\ A
aC
> 304N0S 1HOM
)
1



2/17

PCT/JP2016/002696

WO 2016/203727

VNI <

3LISOdNOD

[Fig. 2]

L
§

JOVAI
(J3HdVEO010Hd

LINN ONIHAYES0L0Hd
HOSN3S |.___
PN NILSAS
WOILdO
R
¢7

J0IAJA ONISSID0Y TYNDIS
A i
LINN 1IN0
NOILISOdWOD INFANOITY
IOV 193rd0
7 A 7oA
€5 £
NOLLVINDTY) NOLLYNIN3 .
Hvad 418 NOLLOR <
! 7R
25 oy A
1NN 1IN
NOILYINDTYO INFNLSOray
VILAERINEE MIAHOTIONY
r ¢ LINN
5 p ! 104LNOD
LINNNOILISOdNOD| | LINN INFWNSITY NG
7 7 7
e¢ 45 pe
A
1IND
T04INOD




3/17

PCT/JP2016/002696

WO 2016/203727

[Fig. 3]

Xy 40 41314 40 H1d3d ANV ZH0E
40 31vd JAVE4 SYH JOVIAI ONIAOA

48] NOILISOd
4 sod \ SN0 \
[ !
NOILISOd
£ ¢sod \ SN0 \
% i NOILISOd
I zsod \ SN0 \
31ISOdWOD < NOIIS04
_|r |sod \ S50 \

10 IOVINI FLISOdNOD

(YT
134YvE SN
| VIV |

|1sod fsod gsod gzsod |sod NOI1ISOd SNDOA g7

-

dNIL -

|6 [ vd [ ed|ca | 14|  zHow

)

JOVINI A3HdVED010Hd

H1d3d

& o4




4/17

PCT/JP2016/002696

WO 2016/203727

[Fig. 4]

(O~

~~SNO0A NI

JOVAI USOdWOD ~  O~—~SNO04NI
}
Jqo  1ONA0Y¥d 3LISOdNOD
3LISOdNOD AV3d &@/m_omﬁﬂ%%_
e s
VINOTYO [ 31y inoTvd
LNONOILISONOD | | e e s e
, e
66 o [ENQREE
¥N78 NOILOW M3IA 40 BN VIV RANLYES o
NOMY =] "SIVNINMI  [<] 319NV LSnrav [ Av3d 4310313
LINN LNFANSIY
) . \
¢t SN003 NI~
Zlqo )ro %O mn\l SNo04 40 1nO
1100~ A0 Ot~ 3N004 NI
L < SN204 40 LNO "\ 39Vl IHAYHOOLOH
<) 1 0




5/17

PCT/JP2016/002696

WO 2016/203727

[Fig. 5]

N#4 3OV dIHdVHD0.10Hd
NI @1314 40 H1d3d

3

{
|+N#4 FOVIAI Q3HdVEO010Hd
NI d13i14 m_fo H1d3d

f X
LINN
oz_I%mooBE
elgo ¢lgo \lgo :

SINVH4 OML HIAO SNO04 NI L33rd0

Llgo

zlgo

| +N#4 N#4
A9VII d3HdVED0 LOHd FOVIAI d3HdVHO0L10Hd

d3dHn1g

G old




WO 2016/203727

[Fig. 6]

6/17

PCT/JP2016/002696

FIG. 6

( START )

519

/\/

>
Y

SET TARGET VALUE OF FOCUS POSITION
TO MINIMUM VALUE OF RANGE WITHIN
WHICH FOCUS POSITION CAN BE SHIFTED

511

a

\

SHIFT FOCUS POSITION TO TARGET VALUE

512

k4

PERFORM PHOTOGRAPHING TO
OBTAIN PHOTOGRAPHED IMAGE

513

Y

STORE PHOTOGRAPHED IMAGE
AS IMAGE OF INTEREST

514

4

PERFORM ALIGNMENT BETWEEN IMAGE OF
INTEREST AND LAST COMPOSITE IMAGE
ALIGN POSITION OF COMPOSITE IMAGE

WITH IMAGE OF INTEREST

515

Y

QUTPUT
COMPOSITE IMAGE

CALCULATE IN-FOCUS FEATURE DATA
AND GENERATE COMPOSITE IMAGE BY
COMPOSITING PIXEL OF EACH OF IMAGE
OF INTEREST AND LAST COMPOSITE IMAGE
ACCORDING TO IN-FOCUS FEATURE DATA

| 516

T

Y

S17
YES/ 1S TARGET VALUE SET TO
\ MAXIMUM VALUE?

yNO

CHANGE (INCREASE) TARGET VALUE BY
PREDETERMINED VALUE

518




/17

WO 2016/203727

[Fig. 7]

FIG. 7

(' START )

g

PCT/JP2016/002696

SET TARGET VALUE OF FOCUS POSITION
TO MINIMUM VALUE OF RANGE WITHIN
WHICH FOCUS POSITION CAN BE SHIFTED

5821

r

SHIFT FOCUS POSITION TO TARGET VALUE

922

!

PERFORM PHOTOGRAPHING TO
OBTAIN PHOTOGRAPHED IMAGE

923

!

STORE PHOTOGRAPHED IMAGE
AS IMAGE OF INTEREST

5824

!

PERFORM ALIGNMENT BETWEEN IMAGE OF
INTEREST AND LAST COMPOSITE IMAGE
(ALIGN POSITION OF COMPOSITE IMAGE)
WITH IMAGE OF INTEREST

5825

!

CALCULATE IN-FOCUS FEATURE DATA
AND GENERATE COMPOSITE IMAGE BY
COMPOSITING PIXEL OF EACH OF IMAGE
OF INTEREST AND LAST COMPOSITE IMAGE
ACCORDING TO IN-FOCUS FEATURE DATA

| 526

!

927

OUTPUT COMPOSITE IMAGE

!

528
YES/ S TARGET VALUE SET TO
N\ MAXIMUM VALUE?

J,NO

CHANGE (INCREASE) TARGET VALUE BY
PREDETERMINED VALUE

529




WO 2016/203727

[Fig. 8]

8/17

PCT/JP2016/002696

FIG. 8 (" START )
K 831
<
SET TARGET VALUE OF FOCUS POSITION
TO MINIMUM VALUE OF RANGE WITHIN
WHICH FOCUS POSITION CAN BE SHIFTED
v 532
SHIFT FOCUS POSITION TO TARGET VALUE
A $33
PERFORM PHOTOGRAPHING TO S
OBTAIN PHOTOGRAPHED IMAGE
y S$34
<
STORE PHOTOGRAPHED IMAGE
AS IMAGE OF INTEREST
Y
PERFORM ALIGNMENT BETWEEN IMAGE OF 5539
INTEREST AND LAST COMPOSITE IMAGE
(ALIGN POSITION OF COMPOSITE IMAGE)
WITH IMAGE OF INTEREST
v
CALCULATE IN-FOCUS FEATURE DATA 536
AND GENERATE COMPOSITE IMAGE BY
COMPOSITING PIXEL OF EACH OF IMAGE
OF INTEREST AND LAST COMPOSITE IMAGE
ACCORDING TO IN-FOCUS FEATURE DATA
538
CHANGE (INCREASE)
TARGET VALUE BY
PREDE TERMINED
VALUE
IS TARGET VALUE SET \NO
TO MAXIMUM VALUE? /
54 y 'ES $39
OUTPUT VES IS COMPOSITION
COMPOSITE RESTRICTION CONDITION
IMAGE SATISFIED?
A
v 540 | NO

SELECT PHOTOGRAPHED IMAGE
BEST FOCUSED ON CENTER
AS COMPOSITE IMAGE

Y




9/17

PCT/JP2016/002696

WO 2016/203727

[Fig. 9]

FOVII <
LSOOI

~~Cl

bl
|

30IAJ0 ONISSTO0Nd TYNDIS
A A
LINN 1IN
NOLLISOANO) INFWNDITY
W 10340
7 A I
65 g ]
NOLY IO NOLIYNIN3 :
e ama Nolon | <—| Sall
7 A 4
8 4 7
1IN 1IN _
NOLLYTNOTY) INIALSAIQY
RGERINE? MAIA-S0-TONY
¢4 !
1S by
LINA NOLLISOJNOD| | LINA INTWNDITY
7 7 e
¢ 43 :
1IN LIND LINN
29~ ONILLIS ONINOLS > TO4LNO?
DN JONVY AN
3 ,
LINN » !
LINN
19~ NOILLYAILS3 G~

JOVII
J3HdVHO0LO0Hd

1IN ONIHAYN90L10Hd
HOSNIS |
FOvA NILSAS
WOILO
NNJ\

£¢

6 Ol4




10/17

PCT/JP2016/002696

WO 2016/203727

[Fig. 10]

Hlddd =——

¢lqo ¢lqo

NOILYH4dO d3S5N OL ONIAHOIOV
FONVYH L4IHS SNO04 138

1
| -
|

LINN

ONIHdVHOO0L10Hd

g

0} Old




WO 2016/203727

[Fig. 11]

11/17

PCT/JP2016/002696

FIG. 11

( START )
Y

5851

ESTIMATE DEPTH

\

USE RESULT OF DEPTH ESTIMATION
AS NEEDED AND SET FOCUS SHIFT RANGE
ACCORDING TO USER OPERATION

552

/\./

S69

v 853
STORE FOCUS SHIFT RANGE
S
y 361
SET TARGET VALUE OF S
FOCUS POSITION TO MINIMUM VALUE
OF FOCUS SHIFT RANGE
3
y <562
SHIFT FOCUS POSITION TO TARGET VALUE
y 363
PERFORM PHOTOGRAPHING TO S
OBTAIN PHOTOGRAPHED IMAGE
y <564
STORE PHOTOGRAPHED IMAGE
AS IMAGE OF INTEREST
X 565

PERFORM ALIGNMENT BETWEEN IMAGE
OF INTEREST AND LAST COMPOSITE IMAGE

Y

QUTPUT
COMPOSITE IMAGE

CALCULATE IN-FOCUS FEATURE DATA
AND COMPOSITE PIXEL OF EACH OF IMAGE
OF INTEREST AND LAST COMPOSITE IMAGE
ACCORDING TO IN-FOCUS FEATURE DATA

| 566

1/

\

\

S67
YES /1S TARGET VALUE SET TO MAXIMUM VALUE
OF FOCUS SHIFT RANGE?

vNO

CHANGE (INCREASE) TARGET VALUE BY
PREDETERMINED VALUE

568




12/17

PCT/JP2016/002696

WO 2016/203727

[Fig. 12]

OVl <

3LISOdNOD

39IAI0 ONISSIDOUd TYNSIS 21
1l
A i §
TNT TN LINN ONIHdYS90L0Hd
NOILISOdWOD ININNDTY
E L 153rd0
7 TR
€G cF
zo:?z::oéo zo_&_w__ﬂ_\,__d :
¥344ng MOSN3S |
5 | e 7 (3HdVEDO0LOHd WOLLA0
LN 1INN
NOILVINOTYO INFNLSArQY Ll , NN\J\
e IVEE MIAHO-TIONY N 4
73 7 f LINA
1 Iy NOILYINDTV)
LINN NOILISONOS| | LINN INFANSIY 34003
7 7 w .
c¢ z€ I ¢
1NN LINN
NOILOAL 3 bed (O SHILNE)| | 4541107
¥34309
Mvad v
Ge
<A { ) v
N VL 2 LINA
TOHLNOD vE~ TQLNOT

¢l Old



13/17

WO 2016/203727 PCT/JP2016/002696

[Fig. 13]

> FOCUS
POSITION

FIG. 13
PGP
-

e DU N
o A
____________________ | ¥
o
.................. E

-

FOCUS
SCORE
A



WO 2016/203727

[Fig. 14]

( START )

.

v ST

PERFORM PHOTOGRAPHING TO
OBTAIN PHOTOGRAPHED IMAGE

v T2

STORE PHOTOGRAPHED IMAGE

v IR

CALCULATE SCORE

STORE SCORE

V __ST75

IS LOCAL MAXIMUM  \YES

14/17

PCT/JP2016/002696

FIG. 14

SCORE DETECTED? /
yNO  _s76

OUTPUT PHOTOGRAPHED IMAGE
AS COMPOSITE IMAGE

v _ST1

DETERMINE SHIFT AMOUNT
OF FOCUS POSITION ON
THE BASIS OF SCORE

| __ST78

, 580

IDENTIFY, AS COMPOSITION TARGET IMAGES,
2N+1 FRAMES OF PHOTOGRAPHED IMAGES
INCLUDING PHOTOGRAPHED IMAGE WITH
WHICH LOCAL MAXIMUM SCORE S OBTAINED
AND PHOTOGRAPHED IMAGES AT N FOCUS
POSITIONS PRECEDING AND FOLLOWING
THE PHOTOGRAPHED IMAGE WITH WHICH
LOCAL MAXIMUM SCORE 1S OBTAINED

SHIFT FOCUS POSITION

581

K

f r~

SELECT IMAGE OF INTEREST FROM
AMONG COMPOSITION TARGET IMAGES

I 582

PERFORM ALIGNMENT BETWEEN IMAGE OF
INTEREST AND LAST COMPOSITE IMAGE

! 583

CALCULATE IN-FOCUS FEATURE DATA AND
COMPOSITE PIXEL OF EACH OF IMAGE OF
INTEREST AND LAST COMPOSITE IMAGE
ACCORDING TO IN-FOCUS FEATURE DATA

NO

S84

y
ARE ALL COMPOSITION TARGET IMAGES
SELECTED AS IMAGES OF INTEREST?

v YES 585

OUTPUT COMPOSITE IMAGE




15/17

PCT/JP2016/002696

WO 2016/203727

[Fig. 15]

VA
3LISOdNOD

-~

391A30 ONISSIO0Nd TANDIS L~2)
1)
A 4 )
T T LINN SNIHAYE9010Hd
NOILISOdINO? NGNS TY
O IREN)
7 7
£G \_, ey %
NOLTIOTYD NOLLINIAN .
Wad | < | amaNolon | lk— S |< = m%%%_f::g&%
/% A, v ﬁ ’ (3HAYI90LOHd WOI40
1IN TN 2N/
NOLLYINDTYD LNAWLSAraY L 18 s !
IS NAINH0-TONY N ( 4
71 7 F 1IN N
G 1y NOLLYINOTYO ke ONILITS
LINN NOILISOdW0D LINN INFANOITY 34008 NV 4V
7 7
¢¢ & |
NN 1NN
NOILDAL k] (O SELLNE! | | o Thog L2y
yoE 434308 o
Ge
< 4 } § v
L 2 Z LN
TOHLNOD vE~| 104N




16/17

WO 2016/203727 PCT/JP2016/002696

[Fig. 16]
(" START )
v S91
NO
< IS AF MODE SELECTED? 57
YES
‘ 592
SET AF MODE
v 593
WHICH MCDE IS SPECIFICATION MODE
AF MODE SET TO? /
NORMAL MODE
) 594 595
SET AF FRAME AT CENTER |5 SET AF FRAME AT s
OF PHOTOGRAPHED IMAGE POSITION SPECIFIED BY USER
\




17/17

PCT/JP2016/002696

WO 2016/203727

TER
111~ ONIAY0D3Y
31avAONTY

601 801 201 901
) N ) !
1INN 1INN 1INN
INAIEd NOILYDINNWNOD | | LNdNI 1Nd1N0

|

y

|

0Ll

JOV443INI LNdLNO/ LNdNI

VAN
N
AMH“ Sng
~ VAN
o I I I
MSI0 ¥VH VY WOY Ndd
N { ! N
GOJ 70} €0} 20}
)
- H31NdINOD
L} 'Ol4




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2016/002696

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO2B27/00 A61B1/00
ADD.

GO2B21/36 HO4N5/232 HO4N5/235

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO2B A61B HOAN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1 336 888 Al (FAIRFIELD IMAGING LTD 1,2,4,
[GB]) 20 August 2003 (2003-08-20) 6-10,
15-23
the whole document
X US 2007/203394 Al (WIKLOF CHRISTOPHER A 1-10,
[US]) 30 August 2007 (2007-08-30) 15-23
Y the whole document 11-14
X JP H11 177873 A (DENSO CORP) 1,19,20
2 July 1999 (1999-07-02)
abstract; figures 8,10,11
A US 2008/259176 Al (TAMARU MASAYA [JP]) 1-23
23 October 2008 (2008-10-23)
abstract; figures
_/ -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 August 2016

Date of mailing of the international search report

30/08/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Windecker, Robert

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

[IN]) 5 June 2014 (2014-06-05)
the whole document

PCT/JP2016/002696
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5 282 045 A (MIMURA ITARU [JP] ET AL) 1-23
25 January 1994 (1994-01-25)
abstract
Y WO 2014/083574 A2 (LARSEN & TOUBRO LTD 11-14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2016/002696
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1336888 Al 20-08-2003 AT 358287 T 15-04-2007
DE 60312754 T2 13-12-2007
EP 1336888 Al 20-08-2003
GB 2385481 A 20-08-2003
US 2003214706 Al 20-11-2003
US 2007203394 Al 30-08-2007 US 2007203394 Al 30-08-2007
WO 2007101187 A2 07-09-2007
JP H11177873 A 02-07-1999  NONE
US 2008259176 Al 23-10-2008  JP 4678603 B2 27-04-2011
JP 2008271240 A 06-11-2008
US 2008259176 Al 23-10-2008
US 5282045 A 25-01-1994  JP 3429755 B2 22-07-2003
JP HO410777 A 14-01-1992
US 5282045 A 25-01-1994
WO 2014083574 A2 05-06-2014  EP 2926558 A2 07-10-2015
WO 2014083574 A2 05-06-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report
	Page 61 - wo-search-report
	Page 62 - wo-search-report

