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the processor, causes the processor to perform acts. The acts may include ac-
quiring a tirst sequence of first images of living objects obtained through mi-
croscopy. The acts may further include extracting a second sequence of
second images from the first sequence of first images, wherein a number of
second images in the second sequence is less than a number of first images in
the first sequence. The acts may further include controlling a display device
to display the second sequence of second images.
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Description

Title of Invention: IMAGE PROCESSING DEVICE AND IMAGE
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[0002]

[0003]

[0004]

[0005]

[0006]

PROCESSING METHOD
Technical Field

The present disclosure relates to an image processing device for processing an image
captured by microscopy; and to an image processing method therefor.
Background Art

Regarding time-lapse microscopy used to image living cells over a long time, there
have been various improvements made in order to reduce time for observation when
the photographed image (video) is to be observed.

In order to reduce time, there are some methods of analyzing the photographed cell
image and calculating feature values. Examples of such techniques include techniques
to recognize cells or the like by combining information of edge detection; contour ex-
traction; filter processing, information of Z-axis direction; and the like (for example,
see Patent Literatures 1 to 3 and Non Patent Literatures 1 to 3). According to such
techniques, the regions in which the cells or the like are imaged would be classified,
and a change in feature values with time would be output with respect to every

classified region.
Citation List

Patent Literature
PTL 1: Japanese Patent Application Laid-open No. 2004-054347
PTL 2: Japanese Patent Application Laid-open No. 2006-018394
PTL 3: Japanese Patent Application Laid-open No. 2011-027543
Non Patent Literature
NPL 1: "Cell Segmentation in Microscopy Imagery Using A Bag Of Local Bayesian
Classifiers”, Z. Yin, R. Bise, M. Chen and T. Kanade, 2010
NPL 2: "High-resolution cell outline segmentation and tracking from phase-contrast
microscopy images”, M.E. Ambuhl, C. Brepsant, J.-J. Meister, A.B. Verkhovsky and
LLF. Sbalzarini, 2011, Journal of Microscopy, Vol. 245, Pt 2 2012, pp. 161-170
NPL 3: "Advanced Level-Set Based Multiple-Cell Segmentation and Tracking in
Time-Lapse Fluorescence Microscopy Images"”, O. Dzyubachyk, W. Niessen and E.
Meijering, 2008
Summary

According to an aspect of the present disclosure, an apparatus for controlling display
of a sequence of images of living objects obtained through microscopy is provided, the

apparatus comprising: a processor; and a storage unit configured to store a program
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which, when executed by the processor, causes the processor to perform acts of:
acquiring a first sequence of first images of living objects obtained through mi-
croscopy; extracting a second sequence of second images from the first sequence of
first images, wherein a number of second images in the second sequence is less than a
number of first images in the first sequence; and controlling a display device to display
the second sequence of second images.
According to an aspect of the present disclosure, a method for controlling display of a
sequence of images of living objects obtained through microscopy is provided, the
method comprising: acquiring a first sequence of images of living objects obtained
through microscopy; extracting a second sequence of images from the first sequence of
images, wherein a number of second images in the second sequence is less than a
number of first images in the first sequence; and controlling a display device to display
the second sequence of images.
According to an aspect of the present disclosure, a system for controlling display of a
sequence of images of living objects obtained through microscopy is provided, the
system comprising: an image processing apparatus; and a microscope, wherein the
image processing apparatus is configured to perform a method comprising: controlling
the microscope to acquire a first sequence of images of living objects, extracting a
second sequence of images from the first sequence of images, wherein a number of
second images in the second sequence is less than a number of first images in the first
sequence, and controlling a display device to display the second sequence of images.
According to an aspect of the present disclosure, a non-transitory, computer-readable
storage medium is provided, the storage medium storing a processor-executable
program which, when executed by a processor, causes the processor to perform a
method for controlling display of a sequence of images of living objects obtained
through microscopy, the method comprising: acquiring a first sequence of images of
living objects obtained through microscopy; extracting a second sequence of images
from the first sequence of images, wherein a number of second images in the second
sequence is less than a number of first images in the first sequence; and controlling a
display device to display the second sequence of images.
Technical Problem

However, these techniques in the related art are simply directed to recognition of
cells. In order to confirm a whole image obtained by imaging over a long time, it
would have taken as long time as the time of imaging. Thus, there was still a weak
point when an image obtained by imaging over a long time should be observed with
good efficiency.

In view of the circumstances as described above, it is desirable to provide an image
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processing device and an image processing method which makes it possible to observe
an image obtained by imaging over a long time, with good efficiency.
Solution to Problem

According to an embodiment of the present disclosure, there is provided an image
processing device including a control unit. The control unit is configured to acquire a
plurality of images having temporal continuity, the plurality of images being obtained
by a temporal observation of living cells by microscopy; analyze feature values of the
acquired images; calculate an index indicating an extent of change in the feature values
between each temporally consecutive pair of images among the plurality of images, on
the basis of a result of the analysis of the feature values; select images in which the
index exceeds a predetermined threshold; and display the selected images, onto a
display unit, in a temporal sequence.

According to one embodiment, the control unit of the image processing device may
be further configured to set at least one ROI (region of interest) (e.g., a portion of an
image) to the acquired images; analyze the feature values of the set ROI; and calculate
the index for each ROI.

According to one embodiment, the control unit of the image processing device may
be configured to select images in which the calculated index with respect to the at least
one ROI exceeds the threshold.

According to one embodiment, the control unit of the image processing device may
be further configured to receive a user's specification of the ROI via an input unit; and
select images in which the calculated index of the user-specified ROI exceeds the
threshold.

According to one embodiment, the control unit of the image processing device may
be configured to display the ROI of the images in an enlarged manner.

According to one embodiment, the control unit of the image processing device may
be configured to set the threshold based on an input received via the input unit.

According to one embodiment, the control unit of the image processing device may
be configured to set the threshold based on an amount of the change in the feature
values.

According to one embodiment, the control unit of the image processing device may
be further configured to adjust the threshold in such a manner that, when the plurality
of images is to be reproduced as a video image, the plurality of images is selected
depending on a reproduction time being received via the input unit.

According to one embodiment, the feature values for the image processing device
may include at least one of luminance, edge, motion vector and density.

According to one embodiment, the control unit of the image processing device may
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be configured to calculate the index by using amounts of changes in the feature values,
normalized amounts of changes in the feature values obtained by normalizing the
amounts of changes in the feature values, and a total of the normalized amounts of
changes, by the following formula:

(index) = .SIGMA. ((amount of change in the feature values) * (normalized amount of

change in the feature values) / (total of normalized amounts of changes))
According to another embodiment of the present disclosure, there is provided an

image processing method performed by a control unit, which method includes:
acquiring a plurality of images having temporal continuity, the plurality of images
being obtained by a temporal observation of living cells by microscopy; analyzing
feature values of the acquired images; calculating an index indicating an extent of
change in the feature values between each temporally consecutive pair of images
among the plurality of images, on the basis of a result of the analysis of the feature
values; selecting images between which the index exceeds a predetermined threshold,
among the plurality of images; and displaying the selected images, onto a display unit,
in a temporal sequence.
Advantageous Effects of Invention

As described above, according to the present disclosure, it makes it possible to
observe an image obtained by imaging over a long time, with good efficiency.
However, this effect is not limitative. For example, any one of the effects described
herein may be an effect of an embodiment of the present disclosure.
Brief Description of Drawings
[fig.1]Fig. 1 is a figure for describing a concept of a digest reproduction of a video
image which is executed by an image processing device according to an embodiment
of the present disclosure.
[fig.2]Fig. 2 is a figure showing an example of a GUI used in the image processing
device according to the embodiment.
[fig.3]Fig. 3 is a figure showing an example of a GUI used in the image processing
device according to the embodiment.
[fig.4]Fig. 4 is a configuration diagram of a microscope system 1 including an image
processing device 50 according to the embodiment.
[fig.5]Fig. 5 is a configuration diagram of a control unit 51.
[fig.6]Fig. 6 is a flowchart for describing an outline of a flow of processing executed
by the image processing device 50.
[fig.7]Fig. 7 is a flowchart for describing a flow of processing of specification or
detection of ROIs.
[fig.8]Fig. 8 is a figure showing an example of a ROI information table 52a.
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[fig.9]Fig. 9 is a flowchart for describing a flow of processing of calculation of a
change index for each ROI.
[fig.10]Fig. 10 is a figure showing an example of a ROI No. / change index table 52c.
[fig.11]Fig. 11 is a flowchart for describing a flow of processing of creation and
display of a digest.
[fig.12]Fig. 12 is an example of a histogram of the change indexes.
[fig.13]Fig. 13 is a flowchart for describing a flow of processing of calculation of a
change index for each ROI.
[fig.14]Fig. 14 is an example of a table which stores ROI No. of each ROI to be
processed and amounts of changes in the corresponding ROI.
[fig.15]Fig. 15 is a flowchart for describing a flow of processing of creation and
display of a digest.
Description of Embodiments

[0021] (First embodiment)

Hereinafter, some embodiments of the present disclosure will be described with

reference to the drawings. In the following description, first, a concept of how to
realize a digest reproduction of a lengthy video image obtained by time-lapse mi-
croscopy or the like will be described. Subsequently, an index to be used for creating a
digest will be described; and then a configuration of an image processing device
according to this embodiment, as well as a flow of processing by the image processing
device, will be described.

[0022]  (Concept of digest reproduction)

First, the concept of the digest reproduction of a video image which is executed by an

image processing device according to this embodiment will be described. Fig. 1 is a
figure for describing the concept of the digest reproduction according to the em-
bodiment.

[0023]  The upper part of the figure shows an example of an original video image whose
digest is to be reproduced. An image at the time t=1 contains images of two circular
cells. Herein, a region with the image of the upper-right cell will be referred to as a
ROI (Region of Interest) 1; and a region with the image of the lower-left cell will be
referred to as a ROI 2.

[0024]  Now suppose the following case: there was no change in the image at the time t=2;
but at the time t=3, the shape of the cell of the ROI2 turned to a triangle-like shape.
There was no change in the image at the time t=4; but at the time t=5, the shape of the
cell of the ROI1 turned to a triangle-like shape. There was no change in the image at
the time t=6; but at the time t=7, the shapes of the both cells turned to square-like
shapes.
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The central part of the figure shows an example of the digest reproduction which
captured the changes in the whole frame (image). That is, the digest is made in such a
manner that whenever any one or more of the ROIs contained in the image shows a
change, the change is included in the digest. In this example, a digest made up of four
images, including: the image of the time t=3 where only the cell of the ROI2 showed a
change; the image of the time (=5 where only the cell of the ROI1 showed a change;
and the image of the time t=7 where the both cells showed a change, is reproduced.

The bottom part of the figure shows an example of the digest reproduction which
captured the changes in each ROI. For example, for the cell of the ROI1, as the
changes were seen at only the time t=5 and the time t=7, the digest is made up of three
images including these two images. Note that the digest that captured the changes in
the ROI1 may be displayed in either way of: displaying the enlarged view of the ROI1
as shown here; or displaying the whole image so that the positional relation with
another cell can be easily understood.

The above has described the concept of the digest reproduction of a video image
which is executed by the image processing device according to this embodiment.

(Method of selecting frames to use for digest reproduction (outline))

Next, an outline of a method of extracting the frames to be used for the digest, out of
the frames that make up the video image, will be described.

First, an index regarding the above-mentioned "change" (change index) is
considered. Then, this change index is determined for each of the frames that make up
the video image. As a criterion for selecting the frames to be used for the digest, a
condition that the change index exceeds a predetermined threshold is employed.

With such a configuration, the number of the frames each having the change index
that exceeds the threshold may increase or decrease when the user changes the setting
of the threshold. By the increase or decrease of the number of the frames to be used for
the digest, it becomes possible to carry out the digest reproduction in various re-
production time lengths.

Furthermore, with the image processing device configured to be capable of capturing
a plurality of kinds of "changes", it becomes possible to create the digest in accordance
with the changes specified by the user, example of which changes include cell division,
migration, and angiogenesis.

Thus, with the image processing device according to the embodiment of the present
disclosure, a user (researcher) may specify the type of change and extent of change
(threshold) that the user wishes to observe; and can observe only the images where the
specified type of change of more than the specified threshold has occurred, as the
digest; and therefore it becomes possible to reduce the time for analysis.

The above has described the method of extracting the frames to be used for the
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digest, out of the frames that make up the video image.

(Kinds of "changes" as targets of the present disclosure (examples))

Here, the kinds of the "changes" that the image processing device according to the
embodiment of the present disclosure deals with will be described by three examples.
However, it should be noted that it is also possible to capture the changes other than
the following kinds of changes and carry out the digest reproduction, according to the
present disclosure.

(1) Cell division or the like, change in form and state (change in edge and luminance)

In order to capture the change in the form and the state, phase-contrast images and
fluorescence images may be used. The phase-contrast images can be used for de-
termining positions of contoured parts when setting the ROI and when tracking and
imaging the cell. It is possible to determine the change index with the use of the
number of edges and variance of edges obtained by a measurement of the phase-
contrast images.

Further, by using the fluorescence images, it is possible to determine the frame of a
starting point and that of an end point of a continuous change. For example, it may
determine that the frame where a change in fluorescence has begun is the starting
point; and the frame where the decrease in luminance of fluorescence has become the
smallest among the frames where the luminance of fluorescence has increased or
decreased is the end point. It is possible to determine the change index with the use of
a histogram of the luminance that can be obtained by a measurement of the fluo-
rescence images.

In addition, it is also possible to use, in combination, both of the phase-contrast
images and the fluorescence images which have been obtained by imaging one bi-
ological sample. For example, since the contour of the cells can be clearly imaged in
the phase-contrast images, the phase-contrast images can be used in identifying the
region with the image of the cell as a ROI. After that, a change in this ROI can be
captured by using the fluorescence images.

(2) Migration, transport, or the like, change in dynamic state (movement)

Each of the migrating cells is tracked, and a motion vector regarding each cell is
calculated by a method of ME (Motion Vector Estimation) or the like. From the total
amount of the changes in amounts of movement, it is possible to calculate the change
index.

(3) Change in density that is typical of activation of immune cells, and vascu-
larization

It is possible to calculate the change index from changes in density of the fluorescent
substances appearing in the regions where immune cells are activated or where vascu-

larization is taking place (tumor exists), in the fluorescence images. For example, it is
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possible to calculate the change index from the total of the luminance in the ROIs.

The above has described the kinds of the "changes" that the image processing device
according to the embodiment of the present disclosure deals with; as described by the
three examples.

(Change index and coefficient for change index)

Here, an example of a method for determining the above-mentioned change index
will be described. The method for determining the change index explained here
includes: first, calculating a coefficient for determining the change index, and then cal-
culating the change index with the use of the calculated coefficient.

First, supposing that four kinds of changes are considered in the calculation, the
amounts of changes would be referred to as A, B, C and D. These amounts of changes
may each correspond to, for example, a change in luminance, a change in the total
number of edges, a change in density, a change in the movement, or the like.

Next, a normalized amount of change is determined. The normalized amount of
change can be determined by a formula of: (amount of change) / (total amounts of
changes). The normalized amounts of changes corresponding to the amounts of
changes A, B, C and D will be referred to as a, b, ¢ and d, respectively.

Then, a total of the normalized amounts of changes n is determined. The total of the
normalized amounts of changes n can be obtained by adding up the normalized
amounts of changes, by a formula of:

n = .SIGMA. (normalized amounts of changes).

Subsequently, a coefficient for calculating the change index is determined. The coef-
ficients corresponding to the amounts of changes A, B, C and D will be referred to as
p, g, r and s, respectively; and the coefficients can be determined by formulae of:
p=a/n, g=b/n, r=c/n and s=d/n.

However, note that the way to determine the coefficients p, g, r and s is not limited to
the method by using the above-mentioned formulae. For example, the coefficients may
all be 1; or, some predetermined default values may be used as the coefficients as well.

Finally, the change index is calculated as a total of the values of (coefficient) *
(amount of change). In other words, the change index can be obtained by the following
formula.

(change index) = pA +qB +1C + sD

It should be noted that four kinds of changes have been considered here, but also,
more kinds of changes may be taken in consideration in calculating the change index.
In such a case, an additional kind of amount of change may be E, the normalized
amounts of change may be e, the coefficient may be u; and the change index can be de-
termined by: u=e/n, (change index) = pA + B + rC + sD + uE.

The above has described an example of the method for determining the change index.
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(Example of GUI of image processing device)

Next, an example of a GUI (Graphical User Interface) used in the image processing
device according to this embodiment will be described. Figs. 2 and 3 show some
examples of the GUI used in the image processing device according to the em-
bodiment.

The example shown in Fig. 2 has an image display area where a fluorescence image
or bright-field image may be displayed; and has some slide bars under the image
display area: one for allowing a user to specify a reproduction time of the digest re-
production, and another for allowing the user to specify the above-mentioned
threshold. Note that there is a relation between the reproduction time and the threshold
that: a longer reproduction time makes the threshold lower; and a higher threshold
makes the length of the reproduction time shorter.

In this example, the user may specify a circular cell, whose image is appearing in the
center of the image display area, as a ROI by directly clicking the image or the like.
The user may then adjust the slide bar indicating the reproduction time. As a result,
with respect to the specified ROI, the threshold may be adjusted so that the length of
the digest would be within the specified time, and among the frames that showed some
changes, the frames where the change index exceeds the threshold are selected to be
reproduced in the digest.

The example shown in Fig. 3 has some slide bars displayed, corresponding to the
number of the ROIs that the user has specified out of the image display area. Here, the
user has specified three ROIs; so three slide bars are displayed so that the user can
specify the thresholds for the respective ROIs to have their frames selected to be re-
produced in the digest.

The above has described an example of the GUI used in the image processing device
according to this embodiment.

(Configuration of image processing device)

Next, an outline of a configuration of a microscope system including an image
processing device according to this embodiment will be described. Fig. 4 is a con-
figuration diagram of a microscope system 1 including an image processing device 50
according to the embodiment.

The microscope system 1 includes a laser light source unit 10, a scanner unit 20, a
microscope 30, a microscope controller 40 and the image processing device 50. Note
that the processing such as image analysis, which is executed by the image processing
device 50, may also be executed by an image analysis server 100 on a local network, or
by an image analysis cloud-server 200 on the Internet cloud.

The laser light source unit 10 produces excitation light for causing a sample such as

fluorescent-labeled cells to generate fluorescent light. The produced excitation light
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would be introduced in the scanner unit 20.

The laser light source unit 10 includes a laser controller 11. Intensity and interval of
the emission of the excitation light is controlled by the laser controller 11.

The scanner unit 20 includes a scanner controller 21, a galvano mirror 22, a dichroic
mirror 23 and a photodetector 24.

The galvano mirror 22 changes the direction of laser light in each of X and Y di-
rections so that a sample being placed on a stage 35 of the microscope 30 would be ir-
radiated with the laser light for excitation introduced from the laser light source unit 10
moving in horizontal directions (X and Y directions) with respect to the sample. The
laser light, having its direction arranged by the galvano mirror 22, would be introduced
in the microscope 30 after passing through the dichroic mirror 23. The laser light in-
troduced in the microscope 30 would irradiate the sample; and the fluorescent light
excited by the irradiation comes back to the scanner unit 20 from the microscope 30.

The dichroic mirror 23 reflects the fluorescent light to the photodetector 24; out of
the laser light and the fluorescent light that has come back from the microscope 30.

The photodetector 24 typically includes a PMT (Photomultiplier Tube). The pho-
todetector 24 detects the fluorescent light generated by excitation in the sample being
irradiated with the laser light. Note that in a case where a confocal microscope is used,
a pinhole may be placed in front of the photodetector 24 on the light path. The position
where this pinhole is set is a position conjugate to a focal position of an objective lens
which will be described later.

The scanner controller 21 may control the galvano mirror 22, and may control the
photodetector 24, in order to scan the sample in X and Y directions. A signal detected
by the photodetector 24 would be transmitted to the image processing device 50, as the
signal indicating luminance for each position of an XY plane being scanned.

The microscope 30 includes a filter 31, an objective lens 32, a stage 35, a stage
driving unit 34, an imaging lens 36, an imaging unit 37 and a temperature sensor 38.
Note that the sample to be observed is placed on the stage 35.

The filter 31 guides the laser light introduced from the scanner unit 20 to the
objective lens 32. The filter 31 may guide the fluorescent light being generated from
the sample due to the laser irradiation, to the scanner unit 20. The filter 31 may guide
the light that has irradiated the sample from a bright-field light source (not shown) and
has been reflected by or passed through the sample, so that the light is guided to the
imaging lens 36.

The objective lens 32 collects the laser light introduced from the scanner unit 20
through the filter 31, to a focal point of the objective lens 32. The objective lens 32
may guide the fluorescent light being generated from the sample, to the scanner unit
20, via the filter 31. The objective lens 32 may guide the light that has irradiated the
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sample from the bright-field light source, to the imaging lens 36, via the filter 31.

On the stage 35, the sample would be placed. The stage 35 may be moved in X and Y
directions which are perpendicular to an optical axis of the objective lens 32, and in Z
direction which is the direction along the optical axis of the objective lens 32.

The imaging lens 36 allows the bright-field light which has passed through the
objective lens 32 and the filter 31 to form an image onto an imaging element (not
shown) of the imaging unit 37.

The imaging unit 37 images a bright-field image that has been formed on the imaging
element with the imaging lens 36. The imaged image may be sent to the image
processing device 50, and the image may be analyzed.

The microscope controller 40 is configured to move the stage 35 with respect to the
stage driving unit 34, based on instructions from the image processing device 50,
which instructions may be related to auto focus, cell tracking exposure, and the like.

The image processing device 50 includes a control unit 51, a storage unit 52, an input
unit 53 and a display unit 54. The image processing device 50 may typically be made
of a PC (Personal Computer).

The control unit 51 may control the entire microscope system 1; synthesize a {luo-
rescence image from the luminance being detected by the photodetector 24 and the
corresponding coordinates in the XY plane in which the luminance has been detected;
and control an intensity of the laser light by analyzing the synthesized fluorescence
image and calculating an optimum laser light intensity. In addition, as described above,
the control unit 51 may control the microscope controller 40 to realize the functions of
auto focus, cell tracking exposure, and the like of, the microscope 30.

Note that the control unit 51 may be realized by a CPU (Central Processing Unit),
which executes programs stored in the storage unit 52. Details of the configuration of
the control unit 51 will be described later.

The storage unit 52 may include a hard disk drive and a semiconductor memory. The
storage unit 52 may store a set of the above-mentioned programs to be executed by the
CPU:; fluorescence images obtained from the scanner unit 20; and information such as
a ROI information table 52a, a result of analysis of images 52b, a ROI No. / change
index table 52c¢ and a video image (frame) 52d.

The input unit 53 may include a pointing device such as a mouse and a touch panel; a
keyboard; and the like. The input unit 53 is configured to input the user's instruction
via the GUI, or the like.

The display unit 54 may include a display device such as a liquid crystal display; and
a display control unit for drawing the GUI, images, and the like, onto the display
device.

The above has described the outline of the configuration of the microscope system 1
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including the image processing device 50 according to this embodiment. Note that
although the image processing device 50 has been described here as a part of the mi-
croscope system 1, this configuration is not limitative. Alternatively, the image
processing device 50 may be made of a PC, or the like, which is independent from the
microscope system 1.

(Configuration of control unit 51)

Here, a configuration of the control unit 51 as functional blocks that can be realized
by execution of the programs by the CPU will be described. Fig. 5 is a configuration
diagram of the control unit 51. Note that the following shows only a part of the
functions of the control unit 51, which part is related to the digest reproduction.

The control unit 51 includes a ROI specification section 51a, a ROI detection section
51b, an image measurement section 51c, a measurement result analysis section 51d, an
amount of change calculation section 5Sle, a coefficient calculation section S1f, a
change index calculation section 51g, a change index histogram creation section 51h, a
ROI frame selection section 511, a viewpoint conversion section 51j and a digest
creation section S1k.

The ROI specification section 51a is configured to display the image that has been
captured by microscopy, onto a display screen of the display unit 54; and receive at
least one user-specified region in the image as a ROI, the region being specified by the
user with the use of the GUI and the input unit 53.

The ROI detection section 51b is configured to detect at least one region to be used
as a ROI in the target image, instead of user-specified ROls, in cases where the user
does not specify any desired ROI using the ROI specification section 51a.

The image measurement section S1c is configured to measure luminance, edges,
areas, luminance centroids and the like, with respect to a ROI set to the target image. A
result of the measurement would be analyzed by the measurement result analysis
section 51d.

The measurement result analysis section 51d is configured to analyze the result of the
measurement by the image measurement section 51c. For example, the measurement
result analysis section 51d may create a histogram of luminance, and calculate a
variance of the luminance, based on the luminance measured by the image mea-
surement section 51c. The measurement result analysis section 51d may calculate a
total of edges and a variance of the edges, based on the edges measured by the image
measurement section 51c. The measurement result analysis section 51d may calculate a
density of the luminance, based on the areas and the luminance centroids measured by
the image measurement section S1c.

The amount of change calculation section S1e is configured to calculate an amount of

change between the result of the analysis by the measurement result analysis section
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51d and, the prior result of analysis of images 52b that has been stored in the storage
unit 52; in which the change is the change between the frames, or the change per unit
time.

The coefficient calculation section 51f is configured to calculate a coefficient for the
above-mentioned change index, based on the amount of change calculated by the
amount of change calculation section Sle.

The change index calculation section 51g is configured to calculate the change index,
based on the amount of change calculated by the amount of change calculation section
S1e and the coefficient calculated by the coefficient calculation section 51f.

The change index histogram creation section 51h is configured to create a histogram
for selecting frames to include in the digest. The histogram is created from the frames
of the original video image whose digest is to be made, and the values of the change
indexes held by the respective frames.

The ROI frame selection section 511 is configured to select the frames to be re-
produced in the digest for the specified or detected ROI, based on the histogram
created by the change index histogram creation section S1h.

The viewpoint conversion section 51j is an optional component for the digest re-
production. The viewpoint conversion section 51j is configured to reconstruct and
display the image as an image seen from a viewpoint that has been employed by the
user in imaging the biological sample; which viewpoint may be arbitrarily specified by
the user and is not limited to the viewpoint directly above the sample. Note that in
order to realize this function, the following precondition should be met: some images
obtained by imaging an XY plane with a focal point being moved at a plurality of
positions in Z direction at each time of the imaging (Z-stack) exist; and three-
dimensional images are constructed.

The digest creation section 51k is configured to display the images selected by the
ROI frame selection section 511, onto the display unit 54, in a temporal sequence; and
thus reproduce the video image in digest, the video image having been obtained by
imaging the biological sample for its temporal observation. Note that other than re-
producing the digest as a video image, the digest creation section 51k may also display
a process of change in a form of thumbnail images arranged in a temporal sequence,
the thumbnail images being thumbnail still images of the images where the changes
have occurred. In addition, the digest creation section 51k may extract the images
where the changes have occurred; and output the images in a format that can be used
for papers and reports.

The above has described the configuration of the control unit 51.

(Outline of processing executed by image processing device)

Next, an outline of a flow of processing executed by the image processing device 50



14

WO 2015/079640 PCT/JP2014/005733

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

will be described. Fig. 6 is a flowchart for describing the outline of the flow of this
processing.

First, the control unit 51 specifies the ROIs (or ROI) specified by the user, or detects
the ROIs, in the frames to be processed (processing of specification or detection of
ROIs) (step S10).

Next, the control unit 51 executes processing of calculation of a change index for
each ROI, to the frames to be processed (step S20).

Subsequently, the control unit 51 determines whether or not the calculation of the
change index has been executed for all of the ROIs (step S30). If there is a remaining
ROI whose change index has not been calculated yet ("no" of step S30), the process
returns to the step S20 and continues with the processing of calculation of the change
index. In cases where the calculation of the change index has been completed for all of
the ROIs ("yes" of step S30), the process goes to the next step S40.

Then, the control unit 51 creates a digest by selecting the frames to use in displaying
the digest, among the frames of the original video image, with the use of the change
index calculated in the step S20. The control unit 51 displays the created digest
(processing of creation and display of a digest) (step S40).

Note that although not shown, it goes without saying that the control unit 51 is
configured to determine the change index for every ROI with respect to every frame
that makes up the video image; which is not just to determine the change index for
every ROI with respect to only one frame of the video image.

The above has described the outline of the flow of the processing executed by the
image processing device 50. To put it another way, it can be described that the control
unit 51 of the image processing device 50 is configured to: acquire a plurality of
images having temporal continuity, the plurality of images being obtained by a
temporal observation of living cells by microscopy; analyze feature values of the
acquired images; calculate an index indicating an extent of change in the feature values
between each temporally consecutive pair of images among the plurality of images, on
the basis of a result of the analysis of the feature values; select images in which the
index exceeds a predetermined threshold; and display the selected images, on the
display unit 54, in a temporal sequence. Hereinafter, a detailed flow of each processing
that has been described here will be described.

(Processing of specification or detection of ROIs)

Here, a flow of processing of specification or detection of ROIs by the control unit
51 will be described. Fig. 7 is a flowchart for describing the flow of the processing of
specification or detection of the ROIs.

First, the control unit 51 reads an image corresponding to one frame, from the

original video image 52d whose digest is to be created, which video image 52d has
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been stored in the storage unit 52 (step S11). The read image would be displayed onto
the image display area of the display unit 54.

Then, the ROI specification section 51a may receive specification of ROIs from a
user. The ROI specification section 51a determines whether or not any ROI has been
specified (step S12). If there is a ROI specified by the user ("yes" of step S12), the
process goes to step S17. If there is no specification of ROIs by the user ("no" of step
S12), the process goes to step S13.

In cases where there has been no specification of ROIs by the user in the step S12,
the control unit 51 next determines whether or not the image to be processed is a fluo-
rescence image (step S13).

If the image is a fluorescence image ("yes" of step S13), the process goes to step S14.
If the image is not a fluorescence image ("no" of step S13), the process goes to step
S15.

If it has been determined in the step S13 that the image is a fluorescence image, then
the ROI detection section 51b detects the parts having high luminance (fluorescent
parts) in the image, and sets the detected fluorescent parts as the ROIs (step S14).

If it has been determined in the step S13 that the image is not a fluorescence image,
or, after the processing of the step S14, the control unit 51 next determines whether or
not the image to be processed is a bright-field image (step S15). If the image is a
bright-field image ("yes" of step S15), the process goes to step S16. If the image is not
a bright-field image ("no" of step S15), the process goes to step S17.

If it has been determined in the step S15 that the image is a bright-field image, then
the ROI detection section 51b detects the parts having high luminance, or edge parts, in
the image, and sets the detected parts as the ROIs (step S16).

Finally, the control unit 51 allows information of the specified or detected ROIs (ROI
information) to be stored in the ROI information table 52a (step S17).

The above has described the flow of the processing of specification or detection of
the ROIs.

(ROI information table)

Next, an example of the ROI information table 52a will be described. Fig. 8 shows an
example of the ROI information table 52a.

A row in this table contains ROI No. for uniquely identifying each specified or
detected ROI; center coordinate of the ROI; size of the ROI; and frame No. indicating
the frame where the ROI is contained.

Note that although the size of the ROI here is represented by its width (W) and height
(H), the shape of the ROI is not limited to a square shape, but may be in any shape, and
may also be spot-like.

The above has described an example of the ROI information table 52a.
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(Processing of calculation of change index for each ROI)

Next, a flow of processing of calculation of a change index for each ROI, by the
control unit 51, will be described. Fig. 9 is a flowchart for describing the flow of the
processing of calculation of the change index for each ROI.

First, the image measurement section 51c performs a measurement with respect to a
region within the ROI to be processed, on the image to be processed (step S21). This
measurement may include: a measurement of luminance; a measurement of edges; a
measurement of areas of the parts having high luminance; and a measurement of
luminance centroids.

Subsequently, the measurement result analysis section 51d analyzes the result of the
measurement by the image measurement section S1c (step S22). In cases where the
luminance has been measured in the previous step, the measurement result analysis
section 51d may create a histogram of the luminance, and may calculate a variance of
the luminance. In cases where the edges have been measured in the previous step, the
measurement result analysis section 51d may calculate a total of the edges, and may
calculate a variance of the edges. In cases where the areas and the luminance centroids
have been measured in the previous step, the measurement result analysis section 51d
may calculate a density of the parts having high luminance.

Then, the measurement result analysis section 51d saves the result of the analysis
made in the previous step, to the storage unit 52 (step S23).

Next, the amount of change calculation section 51e reads the prior (as previous frame
in the video image) result of analysis 52b, from the storage unit 52 (step S24).

Subsequently, the amount of change calculation section 51e calculates amounts of
changes based on the prior result of analysis 52b read in the previous step and the
result of the analysis made in the step S22 (step S25). Examples of the amounts of
changes include those of a change in luminance; a change in edges; a change in
density; and a change in the movement. The amounts of changes may be calculated by
finding the difference between two results of analyses.

Next, the coefficient calculation section 51f calculates a coefficient for determining a
change index, based on the amounts of changes calculated in the previous step (step
S526). A method for the calculation is as described above.

Then, the change index calculation section 51g calculates the change index with
respect to the ROI to be processed (step S27). A method for the calculation is as
described above.

Finally, the change index calculation section 51g writes and saves the ROI No. of the
processed ROI and the calculated change index for the ROI, to the ROI No. / change
index table 52c in the storage unit 52 (step S28).

The above has described the flow of the processing of calculation of the change
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index for each ROI.

(ROI No. / change index table)

Next, an example of the ROI No. / change index table 52¢ will be described. Fig. 10
shows an example of the ROI No. / change index table 52c.

A row in this table contains ROI No. for uniquely identifying each specified or
detected ROI; and a value of the change index for the corresponding ROI.

Further, the frame No. may be recorded in addition to the ROI No. and the value of
the change index.

The above has described an example of the ROI No. / change index table 52c.

(Processing of creation and display of digest)

Next, a flow of processing of creation and display of a digest, by the control unit 51,
will be described. Fig. 11 is a flowchart for describing the flow of the processing of
creation and display of the digest.

First, the control unit 51 acquires a reproduction time length, a threshold on which a
reproduction time depends, and information related to specification of the ROIs to be
reproduced in digest (step S41).

Next, the control unit 51 reads ROI No. and information of the change index for the
corresponding ROI, from the ROI No. / change index table 52c¢ in the storage unit 52
(step S42).

Subsequently, the change index histogram creation section 5S1h determines whether
or not the information acquired in the step S41 includes information about speci-
fication of the ROIs by the user (step S43).

If one or more ROIs to be reproduced in digest have been specified by the user ("yes"
of step S43), the change index histogram creation section 51h next creates a histogram
of the change indexes of the specified ROIs (step S44). An example of the histogram
of the change indexes will be described later.

If there is no specification of ROIs to be reproduced in digest, by the user ("no" of
step S43), the change index histogram creation section 51h next creates a histogram of
the change index of the whole frame (step S45). In this case, the histogram may be
made by using a highest value among the change indexes held by the ROIs contained
in one frame (OR operation among a plurality of ROIs is executed).

Then, the ROI frame selection section S1i selects the frames to use for the digest,
based on the histogram of the change indexes created in the previous step and, the re-
production time length and the threshold acquired in the step S41, out of the frames
that make up the original video image (step S46). Note that in cases where there has
been the specification of ROIs by the user, this step may also include processing of ex-
tracting only the image of the ROI that has been specified from the frame being

selected.
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Finally, the digest creation section 51k reproduces the digest with the use of the
frames and the ROIs that have been selected in the previous step (step S47).

The above has described the flow of the processing of creation and display of the
digest. Note that although the digest according to the above-described configuration
has been made by focusing on the amounts of changes and picking up the frames with
relatively high amounts of changes, this configuration is not limitative. For example, a
possible configuration may include: a configuration to make a digest by selecting all of
the frames where the luminance of a ROI has exceeded a threshold.

(Histogram of histogram of change indexes)

Next, an example of the histogram of the change indexes will be described. Fig. 12 is
an example of the histogram of the change indexes.

In the graph of this example, time corresponding to each frame making up the video
image is taken along the abscissa, and the value of the change index is taken along the
ordinate. The value of the change index for each ROI at each time is plotted. In
addition, a level of the value indicating the threshold is shown in the ordinate.

In cases where the graph and the threshold value shown in this example are to be
used, the values of the change indexes regarding the ROI1 at the times t=1, 2 and 4 are
higher than the threshold. Accordingly, regarding the ROI1, the digest using three
frames in total, using the frames of the times t=1, 2 and 4, would be reproduced.

On the other hand, the values of the change indexes regarding the ROI2 at the times
t=1 and 2 are higher than the threshold. Accordingly, regarding the ROI2, the digest
using two frames in total, using the frames of the t=1 and 2, would be reproduced.

The above has described an example of the histogram of the change indexes.

(Method of setting ROI)

Here, a method of setting a ROI in the image, in cases where the cells or the like
observed by the user are moving with time, will be described. Examples of the
methods of setting the ROI may include the following two methods.

First method is a method including grasping a range of the movement of the cells
with respect to all of the frames that have been selected for the digest, in setting the
ROI so as to enclose the cells, or the like, that the user wishes to observe. The position
and the range of the ROI may be determined to have a size which contains the range of
the movement. The position and the range of the ROI, once determined, may be fixed
and unchangeable with respect to all of the frames that have been selected.

Second method is a method including tracking the cells that the user wishes to
observe, in each image making up a frame; and setting a tracking box as the ROI. The
position and the range of the ROI may vary from one frame to another.

The image processing device 50 may also use the first method and the second one

depending on the situation. For example, if the user wishes to view the video image
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imaged by a temporal observation immediately without waiting for the processing with
respect to all of the frames, the second method may be desirable because it may be
performed without analyzing all of the frames that have been selected.

Further, it is also possible to set two kinds of ROIs by using both the first and the
second methods; to observe the movement of the cells or the like with the use of the
ROI set by the first method, and observe details of the inner parts of the cells or the
like with the use of the ROI set by the second method.

The above has described some methods of setting the ROI in the image, in cases
where the cells or the like observed by the user are moving with time.

In the above, the first embodiment has been described.

(Variation example 1 (automatic selection of frames making up digest))

According to the configuration of the image processing device 50 according to the
first embodiment, the threshold for specifying the frames making up the digest has
been specified by the user. On the other hand, in this variation example, an image
processing device 50a is configured to automatically set the threshold for selecting the
frames making up the digest. The digest may be created without an input of the
threshold by the user.

Incidentally, the method of automatically setting the ROI may be one using the
above-mentioned amounts of changes and setting an average value of the amounts of
changes as the threshold. Alternatively, differential values in the amounts of changes
may be calculated, and an average value of the calculated differential values may be
the threshold.

The above has described a variation example in which the image processing device
50a automatically sets the threshold for selecting the frames making up the digest, to
create the digest without an input of the threshold by the user.

(Variation example 2 (calculation of change index when creating digest))

According to the first embodiment, in the processing of calculation of the change
index for each ROI, the change index has been calculated and stored in the ROI No. /
change index table 52c. In the processing of creation and display of the digest, the
digest has been created by reading each change index for the corresponding ROI which
has been stored.

On the other hand, in this variation example, the change index is not calculated in the
processing of calculation of the change index for each ROI; and, ROI No. and in-
formation related to the amounts of changes in the corresponding ROI may be stored in
a table. Further, in the processing of creation and display of the digest, the change
indexes are calculated by reading the stored ROI No. and the information related to the
amounts of changes in the corresponding ROI; and the digest may be created with the

use of the calculated change indexes.
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The parts of the processing according to the configuration of this variation example
which are different from those of the first embodiment are: calculation of the change
index for each ROI; and creation and display of the digest. In the following, only these
different parts will be described.

(Processing of calculation of change index for each ROI)

A flow of processing of calculation of the change index for each ROI, by the control
unit 51', will be described. Fig. 13 is a flowchart for describing the flow of the
processing of calculation of the change index for each ROI. Note that the processing
from the step S21 to step S26 is the same as in the first embodiment, so the description
thereof will be omitted, and the part from the next step S28a will be described.

In the next step, the amount of change calculation section 51e allows the ROI No.,
which ROI No. represents the ROI to be processed, and the amounts of changes in the
corresponding ROI, to be stored in a table in the storage unit 52 (step S28a).

Then, the coefficient calculation section 51f allows the coefficient for determining
the change index, which coefficient has been calculated in the step S26, to be stored
with ROI No. in the table in the storage unit 52 (step S28b).

The above is a flow of processing of calculation of the change index for each ROI,
regarding this variation example.

(Example of table of ROI No. and amounts of changes)

Next, an example of the table mentioned in the above will be described. The table
stores ROI No. of each ROI to be processed, and amounts of changes in the corre-
sponding ROI. Fig. 14 is an example of the table which stores ROI No. of each ROI to
be processed and the amounts of changes in the corresponding ROI.

In this example, a row in this table contains ROI No. for uniquely identifying each
ROI; and amounts of changes in the corresponding ROI, classified according to the
kinds of changes.

The above has described an example of the table which stores ROI No. of each ROI
to be processed and the amounts of changes in the corresponding ROI.

(Processing of creation and display of digest)

Next, a flow of processing of creation and display of the digest, by the control unit
51", will be described. Fig. 15 is a flowchart for describing the flow of the processing
of creation and display of the digest.

First, the control unit 51" acquires a reproduction time length, a threshold on which a
reproduction time depends, and information related to specification of the ROIs to be
reproduced in digest (step S41).

Next, the control unit 51" reads ROI No. and information of the amounts of changes
for the corresponding ROI, from the table of ROI No. and the amounts of changes,
which table is in the storage unit 52 (step S42a).
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Subsequently, the control unit 51' reads ROI No. and the coefficient for determining
the change index for the corresponding ROI, from the table of ROI No. and the co-
efficient for the change index, which table is in the storage unit 52 (step S42b).

Then, the change index calculation section 51g calculates the change index with
respect to the ROI to be processed (step S27). The method for the calculation is the
same as described above.

Since the subsequent processing from the step S43 to step S47 is the same as in the
first embodiment, the description thereof is omitted.

The above has described a flow of processing of creation and display of the digest,
regarding this variation example.

In the above, a variation example in which, the change indexes are calculated in the
processing of creation and display of the digest, has been described.

(Supplementary note)

In addition, the present disclosure is not limited to the embodiments described above
and can be modified in various ways without departing from the gist of the present
disclosure, as a matter of course.

(Other configurations of the present disclosure)

The present disclosure may also have the following configurations.

(1) An image processing device including:

a control unit configured to

acquire a plurality of images having temporal continuity, the plurality of images
being obtained by a temporal observation of living cells by microscopy,

analyze feature values of the acquired images,

calculate an index indicating an extent of change in the feature values between each
temporally consecutive pair of images among the plurality of images, on the basis of a
result of the analysis of the feature values,

select images in which the index exceeds a predetermined threshold, and

display the selected images, onto a display unit, in a temporal sequence.

(2) The image processing device according to (1), in which

the control unit is further configured to

set at least one ROI to the acquired images,

analyze the feature values of the set ROI, and

calculate the index for each ROL

(3) The image processing device according to (2), in which

the control unit is configured to select images in which the calculated index with
respect to the at least one ROI exceeds the threshold.

(4) The image processing device according to (2), in which

the control unit is further configured to
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receive a user's specification of the ROI via an input unit, and

select images in which the calculated index of the user-specified ROI exceeds the
threshold.

(5) The image processing device according to any one of (2) to (4), in which

the control unit is configured to display the ROI of the images in an enlarged manner.
(6) The image processing device according to any one of (1) to (5), in which

the control unit is configured to set the threshold based on an input received via the
input unit.

(7) The image processing device according to any one of (1) to (5), in which

the control unit is configured to set the threshold based on an amount of the change in
the feature values.

(8) The image processing device according to any one of (1) to (7), in which

the control unit is further configured to adjust the threshold in such a manner that,
when the plurality of images is to be reproduced as a video image, the plurality of
images is selected depending on a reproduction time being received via the input unit.
(9) The image processing device according to any one of (1) to (8), in which

the feature values include at least one of luminance, edge, motion vector and density.
(10) The image processing device according to any one of (1) to (9), in which

the control unit is configured to calculate the index

by using

amounts of changes in the feature values,

normalized amounts of changes in the feature values obtained by normalizing the
amounts of changes in the feature values, and

a total of the normalized amounts of changes,

by the following formula:

(index) = .SIGMA. ((amount of change in the feature values) * (normalized amount of
change in the feature values) / (total of normalized amounts of changes))

(11) An image processing method performed by a control unit, the method including:
acquiring a plurality of images having temporal continuity, the plurality of images
being obtained by a temporal observation of living cells by microscopy;

analyzing feature values of the acquired images;

calculating an index indicating an extent of change in the feature values between each
temporally consecutive pair of images among the plurality of images, on the basis of a
result of the analysis of the feature values; selecting images between which the index
exceeds a predetermined threshold, among the plurality of images; and

displaying the selected images, onto a display unit, in a temporal sequence.

(A1) An apparatus for controlling display of a sequence of images of living objects

obtained through microscopy, comprising: a processor; and a storage unit configured to
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store a program which, when executed by the processor, causes the processor to
perform acts of: acquiring a first sequence of first images of living objects obtained
through microscopy; extracting a second sequence of second images from the first
sequence of first images, wherein a number of second images in the second sequence is
less than a number of first images in the first sequence; and controlling a display
device to display the second sequence of second images.

(A2) The apparatus of (A1), wherein extracting the second sequence of second images
comprises selecting entire images from the first sequence of first images, and adding
the selected entire images to the second sequence as second images.

(A3) The apparatus of (A1), wherein extracting the second sequence of images
comprises selecting portions of a plurality of the first images, and adding the selected
portions to the second sequence as second images.

(A4) The apparatus of (A3), wherein controlling the display device to display the
second sequence of second images comprises enlarging the selected image portions.
(A5) The apparatus of any of (A3) to (A4), wherein the selected portions of the
plurality of the first images consist of portions in which a first of the living objects is
imaged.

(A6) The apparatus of any of (A3) to (AS), wherein the selected portions of the
plurality of the first images correspond to two or more different areas in the plurality of
the first images.

(A7) The apparatus of any of (A3) to (AS), wherein the selected portions of the
plurality of the first images correspond to a same area in the plurality of the first
images.

(A8) The apparatus of any of (A1) to (A7), wherein the program further causes the
processor to perform acts of: extracting a third sequence of third images from the first
sequence of first images, and controlling the display device to display the third
sequence of third images, wherein a number of third images in the third sequence is
less than the number of first images in the first sequence.

(A9) The apparatus of (A8), wherein the second sequence of second images consists of
images in which a first of the living objects is imaged, and wherein the third sequence
of third images consists of images in which a second of the living objects is imaged.
(A10) The apparatus of any of (A1) to (A9), further comprising changing a viewpoint
from which contents of the second images are displayed.

(A11) The apparatus of any of (A1) to (A10), wherein the program causes the
processor to perform an act of controlling the display device to display a user interface,
wherein the user interface includes one or more areas for displaying the second
sequence of images, and wherein the user interface further includes one or more areas

for receiving user input specifying one or more characteristics of the second sequence
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of second images.

(A12) The apparatus of (A11), wherein the one or more areas for receiving user input
include an area for receiving user input relating to a length of the second sequence of
second images.

(A13) The apparatus of any of (A11) to (A12), wherein the one or more areas for
receiving user input include an area for receiving using input specifying a portion of an
image in the first sequence of first images.

(A14) The apparatus of any of (A11) to (A13), wherein: the one or more areas for
receiving user input include an area for receiving user input relating to a threshold
value of a parameter, and extracting a second sequence of second images from the first
sequence of first images comprises selecting an image from the first sequence of first
images and adding the selected image to the second sequence as a second image in
response to determining that a value of the parameter associated with the selected
image exceeds the threshold value of the parameter.

(A15) The apparatus of (A14), wherein the parameter comprises a luminance of at least
a portion of an image, a centroid of a luminance of at least a portion of an image, a
density of a luminance of at least a portion of an image, a number of edges in at least a
portion of an image, a variance of edges in at least a portion of an image, a motion
vector of a living object imaged in an image, and/or a movement of a living object
imaged in an image.

(A16) The apparatus of any of (A1) to (A15), wherein the first images comprise phase-
contrast images, fluorescence images, and/or bright-field images.

(A17) The apparatus of any (A3), wherein each of the selected image portions
comprises a region of interest.

(A18) A method for controlling display of a sequence of images of living objects
obtained through microscopy, comprising: acquiring a first sequence of images of
living objects obtained through microscopy; extracting a second sequence of images
from the first sequence of images, wherein a number of second images in the second
sequence is less than a number of first images in the first sequence; and controlling a
display device to display the second sequence of images.

(A19) A system for controlling display of a sequence of images of living objects
obtained through microscopy, comprising: an image processing apparatus; and a mi-
croscope, wherein the image processing apparatus is configured to perform a method
comprising: controlling the microscope to acquire a first sequence of images of living
objects, extracting a second sequence of images from the first sequence of images,
wherein a number of second images in the second sequence is less than a number of
first images in the first sequence, and controlling a display device to display the second

sequence of images.
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[0172]

[0173]

(A20) The system of (A19), further comprising the display device.

(A21) A non-transitory, computer-readable storage medium storing a processor-ex-
ecutable program which, when executed by a processor, causes the processor to
perform a method for controlling display of a sequence of images of living objects
obtained through microscopy, the method comprising: acquiring a first sequence of
images of living objects obtained through microscopy; extracting a second sequence of
images from the first sequence of images, wherein a number of second images in the
second sequence is less than a number of first images in the first sequence; and con-
trolling a display device to display the second sequence of images.

Various aspects of the techniques described in the present disclosure may be embodied
as at least one computer-readable storage medium (i.e., at least one tangible, non-
transitory, computer-readable medium) encoded with one or more programs that, when
executed on one or more processors, implement the various embodiments of the above-
described techniques. Examples of a computer-readable storage medium may include,
without limitation, a computer memory, one or more floppy discs, compact discs,
DVDs, optical discs, magnetic tapes, flash memories, circuit configurations in Field
Programmable Gate Arrays or other semiconductor devices, etc. A computer-readable
medium may be transportable, such that the program or programs stored thereon may
be loaded onto any computer resource to implement various aspects of the techniques
described in the present disclosure.

The term "program" is used herein in a generic sense to refer to any type of computer
code or set of computer-executable instructions that can be employed to program a
computer or other processor to implement various aspects of embodiments as
discussed above. Additionally, it should be appreciated that according to one aspect,
one or more computer programs that when executed perform the techniques described
herein need not reside on a single computer or processor, but may be distributed in a
modular fashion among different computers or processors to implement various

aspects of the techniques described in the present disclosure.
The present application contains subject matter related to that disclosed in Japanese

Priority Patent Application JP 2013-245891 filed in the Japan Patent Office on
November 28, 2013, the entire content of which is hereby incorporated by reference.
It should be understood by those skilled in the art that various modifications, com-
binations, sub-combinations and alterations may occur depending on design re-
quirements and other factors insofar as they are within the scope of the appended

claims or the equivalents thereof.
Reference Signs List

1 microscope system
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10 laser light source unit

11 laser controller

20 scanner unit

21 scanner controller

22 galvano mirror

23 dichroic mirror

24 photodetector

30 microscope

31 filter

32 objective lens

33 sample

34 stage driving unit

35 stage

36 imaging lens

37 imaging unit

40 microscope controller
50 image processing device
51 control unit

52 storage unit

52a ROI information table
52b result of analysis of images
52¢ ROI No. / change index table
52d video image (frame)
53 input unit

54 display unit



WO 2015/079640

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

27

PCT/JP2014/005733

Claims

An apparatus for controlling display of a sequence of images of living
objects obtained through microscopy, comprising:

a processor; and

a storage unit configured to store a program which, when executed by
the processor, causes the processor to perform acts of:

acquiring a first sequence of first images of living objects obtained
through microscopy;

extracting a second sequence of second images from the first sequence
of first images, wherein a number of second images in the second
sequence is less than a number of first images in the first sequence; and
controlling a display device to display the second sequence of second
images.

The apparatus of claim 1, wherein extracting the second sequence of
second images comprises selecting entire images from the first
sequence of first images, and adding the selected entire images to the
second sequence as second images.

The apparatus of claim 1, wherein extracting the second sequence of
images comprises selecting portions of a plurality of the first images,
and adding the selected portions to the second sequence as second
images.

The apparatus of claim 3, wherein controlling the display device to
display the second sequence of second images comprises enlarging the
selected image portions.

The apparatus of any of claims 3 to 4, wherein the selected portions of
the plurality of the first images consist of portions in which a first of
the living objects is imaged.

The apparatus of any of claims 3 to 5, wherein the selected portions of
the plurality of the first images correspond to two or more different
areas in the plurality of the first images.

The apparatus of any of claims 3 to 5, wherein the selected portions of
the plurality of the first images correspond to a same area in the
plurality of the first images.

The apparatus of any of claims 1 to 7, wherein the program further
causes the processor to perform acts of:

extracting a third sequence of third images from the first sequence of

first images, and
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[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]
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controlling the display device to display the third sequence of third
images,

wherein a number of third images in the third sequence is less than the
number of first images in the first sequence.

The apparatus of claim 8, wherein the second sequence of second
images consists of images in which a first of the living objects is
imaged, and wherein the third sequence of third images consists of
images in which a second of the living objects is imaged.

The apparatus of any of claims 1 to 9, further comprising changing a
viewpoint from which contents of the second images are displayed.
The apparatus of any of claims 1 to 10, wherein the program causes the
processor to perform an act of controlling the display device to display
a user interface, wherein the user interface includes one or more areas
for displaying the second sequence of images, and wherein the user
interface further includes one or more areas for receiving user input
specifying one or more characteristics of the second sequence of
second images.

The apparatus of claim 11, wherein the one or more areas for receiving
user input include an area for receiving user input relating to a length of
the second sequence of second images.

The apparatus of any of claims 11 to 12, wherein the one or more areas
for receiving user input include an area for receiving using input
specifying a portion of an image in the first sequence of first images.
The apparatus of any of claims 11 to 13, wherein:

the one or more areas for receiving user input include an area for
receiving user input relating to a threshold value of a parameter, and
extracting a second sequence of second images from the first sequence
of first images comprises selecting an image from the first sequence of
first images and adding the selected image to the second sequence as a
second image in response to determining that a value of the parameter
associated with the selected image exceeds the threshold value of the
parameter.

The apparatus of claim 14, wherein the parameter comprises a
luminance of at least a portion of an image, a centroid of a luminance
of at least a portion of an image, a density of a luminance of at least a
portion of an image, a number of edges in at least a portion of an
image, a variance of edges in at least a portion of an image, a motion

vector of a living object imaged in an image, and/or a movement of a
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[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]
[Claim 21]
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living object imaged in an image.

The apparatus of any of claims 1 to 15, wherein the first images
comprise phase-contrast images, fluorescence images, and/or bright-
field images.

The apparatus of any claim 3, wherein each of the selected image
portions comprises a region of interest.

A method for controlling display of a sequence of images of living
objects obtained through microscopy, comprising:

acquiring a first sequence of images of living objects obtained through
microscopy;

extracting a second sequence of images from the first sequence of
images, wherein a number of second images in the second sequence is
less than a number of first images in the first sequence; and
controlling a display device to display the second sequence of images.
A system for controlling display of a sequence of images of living
objects obtained through microscopy, comprising:

an image processing apparatus; and

a microscope,

wherein the image processing apparatus is configured to perform a
method comprising:

controlling the microscope to acquire a first sequence of images of
living objects,

extracting a second sequence of images from the first sequence of
images, wherein a number of second images in the second sequence is
less than a number of first images in the first sequence, and
controlling a display device to display the second sequence of images.
The system of claim 19, further comprising the display device.

A non-transitory, computer-readable storage medium storing a
processor-executable program which, when executed by a processor,
causes the processor to perform a method for controlling display of a
sequence of images of living objects obtained through microscopy, the
method comprising:

acquiring a first sequence of images of living objects obtained through
microscopy;

extracting a second sequence of images from the first sequence of
images, wherein a number of second images in the second sequence is
less than a number of first images in the first sequence; and

controlling a display device to display the second sequence of images.
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