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Technical Field

The present technology relates to an image processing device, method, and program,
in particular to an image processing device, method, and program which enable to
simply and noninvasively evaluate stability from propagation of each pulsation without
needing special preparation.

<CROSS REFERENCE TO RELATED APPLICATIONS>

This application claims the benefit of Japanese Priority Patent Application JP
2013-150434 filed on July 19, 2013, the entire contents of which are incorporated

herein by reference.

Background Art

In recent years, in a study of cell processes and the like, a technology called calcium
(Ca) imaging is used, in which cells are colored by using a pigment (calcium flu-
orescent indicator) that binds to calcium ion and emits fluorescence so that the cells
can be observed as image information.

In the Ca imaging, fluorescent dye that binds to Ca and emits fluorescence is in-
troduced into cells and Ca concentration change caused by excitement of the cells can
be detected, so that it is possible to visualize pulsation propagation.

Evaluation of pulsation propagation using a multi-electrode array (MEA) is also
performed. In the evaluation of pulsation propagation using MEA, a potential change
of extracellular membrane is detected by electrodes arranged on a bottom of a culture
dish and peak times of the potential change are displayed as isochrones.

An image processing technology that enables to easily and noninvasively observe

propagation of pulsation is also proposed (for example, see PTL 1).
Citation List
Patent Literature
PTL 1: WO 2012/118049
Summary of Invention
Technical Problem
However, in the Ca imaging, an operation to fluorescence-stain the cells is com-
plicated and further discoloration occurs. Further, the fluorescent dye may affect the

cells.

Further, when the multi-electrode array is used, a special culture dish is needed and
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only the pulsation propagation of cells on the electrodes can be evaluated.
Further, in PTL 1, a propagation speed for each pulsation and a propagation direction

are difficult to be acquired, so that it is difficult to evaluate, for example, the
propagation speed for each pulsation and the propagation direction.

The present technology is disclosed in view of the above situation and enables to
simply and noninvasively evaluate stability from propagation of each pulsation without
needing special preparation.

Solution to Problem

In an embodiment, an image processing device includes processor circuitry
configured to detect motion of objects in an observation area on the basis of a captured
image, calculate amounts of each detected motion, and calculate at least one of a
propagation speed and a propagation direction of the motion for pulsations of the
objects.

In another embodiment, an image processing method includes detecting motion of
objects in an observation area on the basis of a captured image, calculating amounts of
each detected motion, and calculating at least one of a propagation speed and a
propagation direction of the motion for pulsations of the objects.

In another embodiment, there is a non-transitory computer readable storage medium
storing a computer program for causing a computer to function as an image processing
device, the image processing device including processor circuitry configured to detect
motion of objects in an observation area on the basis of a captured image, calculate
amounts of each detected motion, and calculate at least one of a propagation speed and
a propagation direction of the motion for pulsations of the objects.

Another aspect of the present technology is an image processing device including a
motion detector that detects motion of cultured myocardial cells for each partial area in
an observation area on the basis of a picked-up image, a motion amount calculator that
calculates an amount of motion of each detected motion, and a propagation in-
formation calculator that calculates a propagation speed and a propagation direction of
the motion for each pulsation of the cultured myocardial cells on the basis of waveform
information representing a variation over time of each calculated amount of motion.

The motion detector detects the motion for each partial area in each frame of a
moving image in the observation area and the propagation information calculator can
generate waveform information representing pulsation of the cultured myocardial cells
in the partial area on the basis of the amount of motion for each partial area in a
plurality of frames of the moving image.

The propagation information calculator can calculate the propagation speed and the

propagation direction for each pulsation by comparing a time corresponding to a
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feature point set in advance in a waveform of the waveform information in a prede-
termined partial area with a time corresponding to a feature point set in advance in a
waveform of the waveform information in another partial area.

The image processing device can further include an evaluation unit that calculates an
evaluation value evaluating stability over a plurality of pulsations of the cultured my-
ocardial cells in the entire observation area.

The evaluation unit can evaluate at least any one of a degree of distribution of the
propagation direction and the propagation speed of the pulsation, smallness of a
difference between a maximum value and a minimum value of the propagation
direction and the propagation speed of the pulsation, and a degree at which the
propagation speed is within a certain range.

The image processing device can further include a display unit that visualizes and
displays a state of the propagation of the pulsation.

The display unit can display the propagation of the pulsation as isochrones.

The display unit can display the propagation of the pulsation as a histogram.

The display unit can display the propagation speed and the propagation direction for
each pulsation in association with a waveform representing the pulsation.

The display unit can display transition over time of an evaluation value evaluating
stability of the pulsation.

Another aspect of the present technology is an image processing method including
detecting motion of cultured myocardial cells for each partial area in an observation
area on the basis of a picked-up image by a motion detector, calculating an amount of
motion of each detected motion by a motion amount calculator, and calculating a
propagation speed and a propagation direction of the motion for each pulsation of the
cultured myocardial cells on the basis of a waveform representing each calculated
amount of motion by a propagation information calculator.

Another aspect of the present technology is a program that causes a computer to
function as an image processing device including a motion detector that detects motion
of cultured myocardial cells for each partial area in an observation area on the basis of
a picked-up image, a motion amount calculator that calculates an amount of motion of
each detected motion, and a propagation information calculator that calculates a
propagation speed and a propagation direction of the motion for each pulsation of the
cultured myocardial cells on the basis of waveform information representing a
variation over time of each calculated amount of motion.

In another aspect of the present technology, motion of cultured myocardial cells is
detected for each partial area in an observation area on the basis of a picked-up image,
an amount of motion of each detected motion is calculated, and a propagation speed

and a propagation direction of the motion for each pulsation of the cultured myocardial
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cells are calculated on the basis of waveform information representing a variation over
time of each calculated amount of motion.
Advantageous Effects of Invention

According to the present technologys, it is possible to simply and noninvasively
evaluate stability from propagation of each pulsation without needing special
preparation.
Brief Description of Drawings
[fig.1]Fig. 1 is a block diagram showing a configuration example of a drug evaluation
device according to an embodiment of the present technology.
[fig.2]Fig. 2 is a block diagram showing a configuration example of an evaluation
index data generation unit of Fig. 1.
[fig.3]Fig. 3 is a diagram showing a structure example of evaluation target image data
supplied to the evaluation index data generation unit.
[fig.4]Fig. 4 is a block diagram showing a configuration example of a motion detector
of Fig. 2.
[fig.5]Fig. S is a diagram showing a configuration example of frame image data.
[fig.6]Fig. 6 is a diagram showing a configuration example of motion detection data.
[fig.7]Fig. 7 is a diagram for explaining a process of a motion amount calculator.
[fig.8]Fig. 8 is a diagram for explaining a process of the motion amount calculator.
[fig.9]Fig. 9 is a diagram for explaining a process of a propagation information
calculator.
[fig.10]Fig. 10 is a diagram for explaining a process of the propagation information
calculator.
[fig.11]Fig. 11 is a diagram for explaining a process of the propagation information
calculator.
[fig.12]Fig. 12 is a diagram for explaining a process of the propagation information
calculator.
[fig.13]Fig. 13 is a diagram for explaining a process of an evaluation unit.
[fig.14]Fig. 14 is a diagram for explaining a process of the evaluation unit.
[fig.15]
[fig.16]

unit.

Fig. 15 is a diagram for explaining a process of the evaluation unit.

Fig. 16 is a diagram showing an example of information displayed by a display
[fig.17]Fig. 17 is a diagram showing an example of information displayed by the
display unit.

[fig.18]Fig. 18 is a diagram showing an example of information displayed by the
display unit.

[fig.19]Fig. 19 is a diagram showing an example of information displayed by the
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display unit.

[fig.20]Fig. 20 is a flowchart for explaining an example of a pulsation evaluation
process.

[fig.21]Fig. 21 is a flowchart for explaining an example of an evaluation index data
generation process.

[fig.22]Fig. 22 is a flowchart for explaining an example of an evaluation value cal-
culation process.

[fig.23]Fig. 23 is a flowchart for explaining an example of a display process.
[fig.24]Fig. 24 is a block diagram showing a configuration example of a personal
computer.

Description of Embodiments

Hereinafter, an embodiment of the technology disclosed here will be described with
reference to the drawings.

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.

For example, in regenerative medicine, various tissues and organs of a human body
are treated by using cultured cells which are cell tissue produced by cultivating cells
collected from a living body. Cultured myocardial cells which are cultured cells
obtained by cultivating myocardial cells may be used to treat a heart. Further, the
cultured myocardial cells are used to evaluate toxicity of a drug to a heart in drug de-
velopment.

In a living body, the myocardial cells pulsate by repeatedly contracting and relaxing
at all times. Therefore, cells of each portion of the myocardial cells move in a prede-
termined direction so that the myocardial cells repeat contracting and relaxing as a
whole. In practice, the myocardial cells include portions that autonomously pulsate and
portions that pulsate depending on pulsation of surrounding portions. In other words,
the pulsation of the myocardial cells propagates.

Fig. 1 is a block diagram showing a configuration example of a drug evaluation
device according to an embodiment of the present technology.

The drug evaluation device 100 shown in FIG. 1 is a device that evaluates a drug ad-
ministered to cultured myocardial cells 110 by observing motion of the cultured my-
ocardial cells 110. The drug evaluation device 100 includes an image pickup unit 101,
an evaluation target image data generation recording unit 102, an evaluation index data
generation unit 103, an evaluation unit 104, and a display unit 105.

The image pickup unit 101 picks up an image of the cultured myocardial cells 110
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which are an object to be observed. The image pickup unit 101 may directly (not
through another unit) pick up an image of the cultured myocardial cells 110 or may
pick up an image of the cultured myocardial cells 110 through another unit such as, for
example, a microscope.

The cultured myocardial cells 110 may be fixed with respect to the image pickup unit
101 or need not be fixed with respect to the image pickup unit 101. In general, the
cultured myocardial cells 110 are desired to be fixed with respect to the image pickup
unit 101 because the drug evaluation device 100 detects motion (temporal change of a
position).

The image pickup unit 101 picks up an image of the cultured myocardial cells 110
for a predetermined period of time. In other words, the image pickup unit 101 obtains a
moving image of an object that is the cultured myocardial cells 110. The image pickup
unit 101 picks up an image of the cultured myocardial cells 110 before and after the
drug is administered. The image pickup unit 101 may pick up an image of the cultured
myocardial cells 110 a plurality of times after the drug is administered according to a
predetermined condition, for example, every time a predetermined time elapses.

The image pickup unit 101 supplies an image signal 111 of an image (a moving
image) of the cultured myocardial cells 110 obtained by picking up the image to the
evaluation target image data generation recording unit 102.

The evaluation target image data generation recording unit 102 generates evaluation
target image data based on the image signal supplied from the image pickup unit 101
and records and stores the generated evaluation target image data in, for example, a
recording medium in the evaluation target image data generation recording unit 102.
For example, the evaluation target image data generated here becomes moving image
data generated from the image signal obtained by picking up the image of the cultured
myocardial cells 110.

For example, the evaluation target image data generation recording unit 102 may
extract frame images of only a certain period of time from a plurality of frame images
supplied from the image pickup unit 101 and generate the evaluation target image data
from the extracted frame images. Further, for example, the evaluation target image
data generation recording unit 102 may extract a part of an area of each frame image
supplied from the image pickup unit 101 as a small frame image and generate the
evaluation target image data from a moving image including the small frame images.

Further, for example, the evaluation target image data generation recording unit 102
may perform any image processing on each frame image supplied from the image
pickup unit 101 and generate the evaluation target image data from a result of the
image processing. As the image processing, for example, enlargement, reduction,

rotation, and deformation of an image, correction of brightness and chromaticity,



WO 2015/008459 PCT/JP2014/003653

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

sharpening, denoising, intermediate frame image generation, and the like can be
considered. Of course, any image processing other than the above may be performed.

The evaluation target image data generation recording unit 102 supplies stored
evaluation target image data 112 to the evaluation index data generation unit 103 at a
predetermined timing or based on a request of the evaluation index data generation unit
103.

The evaluation index data generation unit 103 detects motion of an object to be
observed (the cultured myocardial cells 110) for each block which each is a partial area
obtained by dividing the entire area of an image of the object to be observed (the
cultured myocardial cells 110) between the frame images of the supplied evaluation
target image data 112.

The evaluation index data generation unit 103 represents the detected motion of each
block as a motion vector and obtains the size (amount of motion) of the motion vector.
Further, the evaluation index data generation unit 103 calculates propagation in-
formation described later.

The evaluation index data generation unit 103 supplies data including the
propagation information to the evaluation unit 104 as evaluation index data 113.

The evaluation unit 104 calculates an evaluation value 114 to evaluate stability of
pulsation of the cultured myocardial cells 110 as described later on the basis of in-
formation included in the evaluation index data 113.

The display unit 105 visualizes and displays information related to the evaluation
index data 113 or the evaluation value 114.

Fig. 2 is a block diagram showing a configuration example of the evaluation index
data generation unit 103 of Fig. 1. As shown in Fig. 2, the evaluation index data
generation unit 103 includes a motion detector 121, a motion amount calculator 122,
and a propagation information calculator 123.

The motion detector 121 receives the recorded evaluation target image data 112 from
the evaluation target image data generation recording unit 102, detects motion of the
block for each block, and supplies a result of the detection (motion vectors) to the
motion amount calculator 122 as motion detection data described later.

As described later, the motion amount calculator 122 divides each supplied motion
detection data into new blocks and calculates an average amount of motion in each
block. The motion amount calculator 122 supplies the calculated average amounts of
motion to the propagation information calculator 123.

The propagation information calculator 123 calculates propagation information
described later and generates the evaluation index data 113 including the propagation
information at a predetermined timing or based on a request of the evaluation unit 104.

The generated evaluation index data 113 is supplied to the evaluation unit 104.
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The motion detector 121 to the propagation information calculator 123 perform the
above processes on each frame image of the evaluation target image data.

Fig. 3 shows a structure example of the evaluation target image data 112 supplied to
the evaluation index data generation unit 103. The image pickup is performed in a pre-
determined length of evaluation interval (for example, T + 1 frames (T is any natural
number)). In other words, the evaluation target image data 112 supplied to the
evaluation index data generation unit 103 includes, for example, the first to the (T +
I)th frame image data 132-1 to 132-(T + 1) corresponding to the evaluation interval.

Fig. 4 is a block diagram showing a main configuration example of the motion
detector 121. As shown in Fig. 4, the motion detector 121 includes a frame memory
141 and a motion vector calculator 142. The frame memory 141 holds the frame image
data 132 that is inputted for each frame period as the evaluation target image data 112.

The motion vector calculator 142 receives frame image data inputted as the
evaluation target image data 112 of the current time and frame image data of the
previous time that is held in the frame memory 141. Then, the motion vector calculator
142 calculates a motion vector indicating motion between the two frame image data for
each block. The calculated motion vectors are supplied to the motion amount
calculator 122 as motion detection data 151.

The process performed by the motion detector 121 of Fig. 4 will be described in
more detail. The motion vector calculator 142 receives the frame image data 132 of the
current time and the frame image data 132 of the previous time. The motion vector
calculator 142 divides the received frame image data 132 into M * N blocks 161 (M
and N are any natural numbers) as shown in Fig. 5, detects motion of each block 161
by, for example, a method such as block matching between the frame images, and
generates motion vectors.

The motion vector calculator 142 performs this motion detection process by se-
quentially using the first to the (T + 1)th frame image data 132. Specifically, the
motion vector calculator 142 generates (M * N * T) motion detection data (motion
vectors) by using (T + 1) frame images. The motion vector calculator 142 supplies the
motion vectors calculated as described above to the motion amount calculator 122 as
the motion detection data.

When the last motion detection process that uses the T-th and (T + 1)th frame image
data 132 is completed, as shown in Fig. 6, the motion detection data including T frame
unit motion detection data 171-1 to 171-T is supplied to the motion amount calculator
122.

Each of the frame unit motion detection data 171-1 to 171-T is obtained by
performing the motion detection process on the frame image data 132 of the current

time which is obtained for each frame period and the frame image data 132 of the
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previous time.

For example, the third frame unit motion detection data 171-3 is obtained by
inputting the fourth frame image data 132-4 and the third frame image data 132-3 as
the frame image data of the current time and the frame image data of the previous time,
respectively, and performing the motion detection.

Each of the frame unit motion detection data 171-1 to 171-T is formed by (M * N)
block unit motion detection data 181. Each of the block unit motion detection data 181
corresponds to one block 161 and is data indicating the motion vector detected for a
corresponding block 161.

In this way, the motion detection data 151 of the present embodiment has a structure
including (M * N) block unit motion detection data 181 for each frame unit motion
detection data 171.

Figs. 7 and 8 are diagrams for explaining the process performed by the motion
amount calculator 122.

Regarding the motion detection data 151, the motion amount calculator 122 newly
divides each of the frame unit motion detection data 171 including (M * N) blocks into
(K * L) blocks. For example, as shown in Fig. 7, the frame unit motion detection data
171 is divided into (K * L) blocks 191.

The motion amount calculator 122 calculates an average amount of motion in each
block by calculating an average value of the block unit motion detection data 181
included in each of the (K * L) blocks 191. For example, when L. = N/3 and K = M/3,
an average value of 9 motion vectors (block unit motion detection data 181) in the
block 191 is calculated, so that average amounts of motion of (K * L) blocks are
calculated.

Thereby, as shown in Fig. 8, the motion amount data 200 including T frame unit
motion amount data 201-1 to 201-T is generated. As described above, each of frame
unit motion amount data 201-1 to 201-T is formed by (K * L) block unit motion
amount data 211. Each of the block unit motion amount data 211 corresponds to one
block 191 and is data indicating the average value of the motion vectors in a corre-
sponding block 191.

Next, an example of the process of the propagation information calculator 123 will
be described.

The propagation information calculator 123 calculates the propagation information,
which is information related to the propagation of pulsation of the myocardial cells, as
described below.

The propagation information calculator 123 generates waveform information 220
that represents a variation of the amount of motion based on the motion amount data

200. Specifically, the propagation information calculator 123 calculates a variation
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over time of each of the (K * L) block unit motion amount data 211 included in the
motion amount data 200.

For example, as shown in Fig. 9, the propagation information calculator 123 plots a
value of the block unit motion amount data 211-p in the frame unit motion amount data
201-1 to 201-T included in the motion amount data 200 for each time. Thereby, the
waveform information 220 of the block unit motion amount data 211-p is generated. In
the waveform information 220 in Fig. 9, the horizontal axis represents time, the
vertical axis represents the amount of motion, and the variation over time of the value
of the block unit motion amount data 211-p is shown as a waveform 221.

Then, the propagation information calculator 123 identifies the rise time of each
waveform in the waveform information 220. The waveform 221 in Fig. 9is a
waveform in which a high peak and a low peak alternately appear. Such a waveform is
caused by repeated contraction and relaxation in the pulsation of the cultured my-
ocardial cells. The high peak corresponds to the time when the cultured myocardial
cells contract and the low peak corresponds to the time when the cultured myocardial
cells relax.

Therefore, the time between the rise of the peak of contraction and the fall of the
peak of relaxation shown by the waveform 221 can be recognized as one pulsation of
the cultured myocardial cells of the block.

The peak corresponding to the contraction of the cultured myocardial cells and the
peak corresponding to the relaxation of the cultured myocardial cells can be dis-
criminated based on the following characteristics: In the waveform of the pulsation, the
peak of contraction appears before the peak of relaxation. The speed of the peak of
contraction is higher than that of relaxation. Further, the rise of the peak of contraction
is steeper than that of relaxation. The speed of the starting point of the peak of con-
traction is lower than that of relaxation.

Fig. 10 is a partially enlarged view of the waveform 221 of Fig. 9. At this time, the
propagation information calculator 123 defines that the amount of motion of a high
peak (that is, the peak corresponding to the contraction of the cultured myocardial
cells) PK1 is 100% and identifies the time when the waveform rises to 10% of the
amount of motion of the peak PK1 as arise time t,,.

If there is no plot point corresponding to the time when the waveform rises to 10% of
the amount of motion of the peak PK1 in the waveform 221, the rise time t,, is
identified by interpolating the waveform based on plot points around the plot point cor-
responding to the time. Fig. 11 is an enlarged view of a portion around the rise of the
waveform 221 in Fig. 10 (a portion surrounded by a rectangle in Fig. 10). In Fig. 11,
the waveform is interpolated based on plot points PL1 and PL2.

In this way, the rise time of a block 191-p corresponding to the block unit motion
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amount data 211-p is identified. Further, the rise time of blocks around the block 191-p
is identified.

Subsequently, the propagation information calculator 123 calculates a propagation
speed and a propagation direction of the pulsation of the cultured myocardial cells.

As shown in Fig. 12, for example, the propagation information calculator 123 sets a
block of interest in each of the (K * L) blocks 191. For example, the block 191-p is set
as the block of interest and the rise time t, of the first pulsation of the block of interest
191-p is identified. Then, the rise time t, of the first pulsation of a block 191-q a prede-
termined distance away (for example, 2 blocks away) from the block of interest in the
horizontal direction is identified and further the rise time t, of the first pulsation of a
block 191-r a predetermined distance away (for example, 2 blocks away) from the
block of interest in the vertical direction is identified.

The propagation information calculator 123 obtains a propagation speed v, of the
pulsation in the horizontal direction and a propagation speed v, of the pulsation in the
vertical direction by Formula (1).

[Math.1]
dx dy » [ ) [ )
Tt T (1)

Further, the propagation information calculator 123 obtains a propagation speed Ivl of
the pulsation by Formula (2) based on the propagation speed v, of the pulsation in the
horizontal direction and the propagation speed v, of the pulsation in the vertical
direction.

[Math.2]

vl = Jv2+12 - - - (2)

Further, the propagation information calculator 123 obtains a propagation direction
0
of the pulsation by Formula (3) based on the propagation speed v, of the pulsation in

the horizontal direction and the propagation speed v, of the pulsation in the vertical

direction.
[Math.3]
174
9 =tan“’v—z e+ e (3)

In this way, the propagation speed and the propagation direction of the block 191-p
are calculated. In the same manner, the propagation speed and the propagation

direction of other blocks are calculated by handling the other blocks as the block of
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[0087]  In this way, the propagation speed and the propagation direction of the pulsation of

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

the cultured myocardial cells are calculated. The propagation speed and the
propagation direction obtained here are obtained for each pulsation for each block of
the motion amount data 200. For example, the propagation speed and the propagation
direction are obtained for each pulsation for each block in a manner such as the
propagation speed and the propagation direction of the first pulsation, the propagation
speed and the propagation direction of the second pulsation, and the propagation speed
and the propagation direction of the third pulsation, and the like in a block 191-p and
the propagation speed and the propagation direction of the first pulsation, the
propagation speed and the propagation direction of the second pulsation, and the
propagation speed and the propagation direction of the third pulsation, and the like in a
block 191-p + 1.

The propagation speed and the propagation direction for each pulsation for each
block of the motion amount data 200, which are obtained in this way, are outputted as
the evaluation index data 113.

Back to Fig. 1, an example of the process of the evaluation unit 104 will be
described.

The evaluation unit 104 obtains an average value Av, of the propagation speed of the
pulsation in the horizontal direction and an average value Av, of the propagation speed
of the pulsation in the vertical direction of each block of the motion amount data 200
by Formula (4).

[Math.4]
KZQ LZQ o l(zz Lzz 'y
M=k M=o @

Further, the evaluation unit 104 obtains an average value

20

of the propagation direction of the pulsation by Formula (5) based on the average
value Av, of the propagation speed of the pulsation in the horizontal direction and the
average value Av, of the propagation speed of the pulsation in the vertical direction.
[Math.5]

Av

ABG =tan‘1A—Vz =+« (5)

Accordingly, the average value of the propagation speed and the average value of the

propagation direction of the entire motion amount data 200 (that is, the entire image of



13

WO 2015/008459 PCT/JP2014/003653

[0095]

[0096]

[0097]

the cultured myocardial cells 110 obtained by picking up the image) can be obtained
for each pulsation. For example as shown in Fig. 13, the waveform of the pulsation and
information in which the average value of the propagation speed and the average value
of the propagation direction are associated with each other are obtained. In the example
of Fig. 13, it is defined that the average value of the propagation speed and the average
value of the propagation direction of the first pulsation is

{Avy, Abg)

, the average value of the propagation speed and the average value of the propagation
direction of the second pulsation is
(Avy, AO;)

, the average value of the propagation speed and the average value of the propagation
direction of the third pulsation is

(Avz, A0)

, and the like.

Further, the evaluation unit 104 calculates a distribution value of the average value of
the propagation speed of a plurality of pulsations and a distribution value of the
average value of the propagation direction of a plurality of pulsations. Further, the
evaluation unit 104 calculates a maximum value and a minimum value of the average
value of the propagation speed of a plurality of pulsations and a maximum value and a
minimum value of the average value of the propagation direction of a plurality of
pulsations. Further, the evaluation unit 104 detects whether or not the average value of
the propagation speed of a plurality of pulsations is within a certain range.

Then, the evaluation unit 104 calculates an evaluation value E, and an evaluation
value E, which represent the smallness (the degree of distribution) of the distribution
value of the average value of the propagation speed of a plurality of pulsations and the
smallness (the degree of distribution) of the distribution value of the average value of
the propagation direction of a plurality of pulsations. Further, the evaluation unit 104
calculates an evaluation value E; representing the smallness of a difference absolute
value between the maximum value and the minimum value of the average value of the
propagation speed of a plurality of pulsations and an evaluation value E, representing
the smallness of a difference absolute value between the maximum value and the
minimum value of the average value of the propagation direction of a plurality of
pulsations.

For example, the evaluation values E; to E, are obtained as shown in Fig. 14. In Fig.
14, the horizontal axis represents the distribution value of the average value of the
propagation speed and the distribution value of the average value of the propagation

direction or the difference absolute value between the maximum value and the



14

WO 2015/008459 PCT/JP2014/003653

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]
[0105]

[0106]

minimum value of the average value of the propagation speed and the difference
absolute value between the maximum value and the minimum value of the average
value of the propagation direction, and the vertical axis represents the evaluation
values. As shown in Fig. 14, when the value of the horizontal axis is smaller than a
predetermined threshold value, the evaluation values are 1, and when the value of the
horizontal axis is greater than or equal to the predetermined threshold value, the
evaluation values decrease.

Further, the evaluation unit 104 calculates an evaluation value Es that represents a
degree at which the average value of the propagation speed of a plurality of pulsations
is within a certain range.

For example, the evaluation value Es is obtained as shown in Fig. 15. In Fig. 15, the
horizontal axis represents the average value of the propagation speed and the vertical
axis represents the evaluation value. As shown in Fig. 15, when the average value of
the propagation speed is within a certain range, the evaluation value is 1, and when the
propagation speed is out of the certain range, the evaluation value decreases.

The evaluation unit 104 obtains an evaluation value E that represents stability of the
pulsation of the cultured myocardial cells by Formula (6) using the evaluation values E
1 to Es calculated as described above.

[Math.6]

E=aE+a,Ep+asEs+aEy+asks - - - (6)

Here,
o1 to os

in Formula (6) are predetermined weight coefficients.

The evaluation value E calculated in this way is an evaluation value representing the
stability of the pulsation of the cultured myocardial cells corresponding to a prede-
termined number of pulsations. For example, the evaluation value 114 is formed from
a plurality of temporally continuous evaluation values E and the evaluation value 114
is outputted from the evaluation unit 104.

Back to Fig. 1, an example of the process of the display unit 105 will be described.

The display unit 105 performs a process to visualize and display information related
to the evaluation index data 113 or the evaluation value 114.

For example, the display unit 105 displays the propagation of the pulsation as
isochrones. For example, as described with reference to Figs. 10 and 11, the rise time
of each block 191 is acquired. The display unit 105 displays the propagation of the
pulsation as isochrones by defining that the blocks 191 where the difference of the rise
time is within a predetermined range are isochrone blocks and displaying each set of

the isochrone blocks in the same color.
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[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

Fig. 16 is a diagram showing an example of a display of isochrones of the
propagation of the pulsation. In this example, the blocks 191 where the rise time is
early are displayed in a dark color. As the rise time is later, the color of the displayed
blocks 191 is lighter.

When the isochrones are displayed as shown in Fig. 16, it is possible to easily know
how the pulsation propagates in the cultured myocardial cells. Further, such a display
of isochrones can be obtained for each pulsation, so that it is possible to evaluate the
stability of the pulsation in further detail.

For example, the display unit 105 displays a histogram of the propagation direction
of the pulsation. As described above, the propagation direction of the pulsation for
each block 191 is calculated by Formula (3). For example, the number of blocks 191
where the propagation direction of the pulsation is the same is defined as a frequency
and a histogram is displayed based on the propagation direction and the frequency.

Fig. 17 is a diagram showing an example of the histogram display of the propagation
direction of the pulsation. In this example, the propagation direction of the pulsation is
shown with the central point in the drawing as a reference. The histogram is displayed
so that the farther away from the center of the drawing, the higher the frequency is. In
the example of Fig. 17, a histogram of the propagation direction of the pulsation before
the drug is administered is shown by a dashed line and a histogram of the propagation
direction of the pulsation after the drug is administered is shown by a solid line.

As shown in Fig. 17, by displaying the histograms, it is possible to easily know the
change of the propagation direction of the pulsation before and after the drug admin-
istration. Further, such histograms can be obtained for each pulsation, so that it is
possible to evaluate the stability of the pulsation in further detail.

For example, the display unit 105 displays the propagation speed and the propagation
direction for each pulsation. As described above with reference to Fig. 13, it is possible
to obtain the waveform of the pulsation and information in which the average value of
the propagation speed and the average value of the propagation direction are associated
with each other. For example, the average value of the propagation speed and the
average value of the propagation direction are visualized and displayed by an arrow or
the like along with the waveform of the pulsation.

Fig. 18 is a diagram showing an example of displaying the propagation speed and the
propagation direction for each pulsation. In Fig. 18, the waveform of the pulsation is
shown by a line 251. Further, the propagation speed and the propagation direction for
each pulsation are shown by arrows 252-1 to 252-4 along with the waveform of the
pulsation. In this way, the propagation speed and the propagation direction are
displayed by the length and the direction of the arrows in association with each

pulsation, so that it is possible to evaluate the stability of the pulsation in further detail.
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[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

Further, for example, the display unit 105 may visualize and display the transition of
the evaluation value 114 over time.

Fig. 19 is a diagram showing an example of visualizing and displaying the transition
of the evaluation value 114 over time. In Fig. 19, the horizontal axis represents time,
the vertical axis represents the magnitude of the evaluation value E, and the transition
of the evaluation value 114 over time is displayed by a line 271.

In the example of Fig. 19, when the line 271 falls below a threshold value, a warning
is displayed.

In this way, the display unit 105 visualizes and displays the information related to the
evaluation index data 113 or the evaluation value 114. For example, the display unit
105 displays the information shown in Figs. 16 to 19 by displaying the information on
a display or printing the information through a printer. All the information shown in
Figs. 16 to 19 need not necessarily be displayed. For example, the information may be
displayed based on a selection of a user.

Next, an example of a pulsation evaluation process of the drug evaluation device 100
to which the present technology is applied will be described with reference to the
flowchart of Fig. 20.

In step S21, the evaluation target image data generation recording unit 102 acquires
image data in which the image of the cultured myocardial cells is picked up.

In step S22, the evaluation index data generation unit 103 performs an evaluation
index data generation process that will be described later with reference to the
flowchart of Fig. 21. Thereby, the evaluation index data is generated.

In step S23, the evaluation unit 104 performs an evaluation value calculation process
that will be described later with reference to the flowchart of Fig. 22. Thereby, the
evaluation value is generated.

In step S24, the display unit 105 performs a display process that will be described
later with reference to the flowchart of Fig. 23. Thereby, the information related to the
evaluation index data 113 or the evaluation value 114 is visualized and displayed.

In this way, the pulsation evaluation process is performed.

Next, a detailed example of the evaluation index data generation process in step S22
of Fig. 20 will be described with reference to the flowchart of Fig. 21.

In step S41, the motion detector 121 performs the motion detection based on the
image data acquired in step S21 of Fig. 20. Thereby, as described above, the motion
detection data 151 including (M * N) block unit motion detection data 181 is obtained.

In step S42, the motion amount calculator 122 calculates the amount of motion based
on the motion detection data 151 obtained in the process of step S41. At this time, for
example, in the motion detection data 151, each of the frame unit motion detection data
171 including (M * N) blocks is newly divided into (K * L) blocks, so that the frame
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[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

unit motion detection data 171 is divided into (K * L) blocks 191. Then, an average
amount of motion in each block is calculated by calculating an average value of the
block unit motion detection data 181 included in each of the (K * L) blocks 191.

Thereby, as shown in Fig. 8, the motion amount data 200 including T frame unit
motion amount data 201-1 to 201-T is generated.

In step S43, the propagation information calculator 123 calculates the propagation
speed and the propagation direction of the pulsation. At this time, as described above,
the waveform information 220 that represents the variation of the amount of motion
based on the motion amount data 200 and the rise time of each waveform in the
waveform information 220 is identified. Then, each of the propagation speed v, of the
pulsation in the horizontal direction and the propagation speed v, of the pulsation in
the vertical direction is obtained by Formula (1) and the propagation speed Ivl of the
pulsation is obtained by Formula (2). Further, the propagation direction

0

of the pulsation is obtained by Formula (3).

In step S44, the evaluation index data is outputted. Specifically, the propagation
speed and the propagation direction for each pulsation for each block of the motion
amount data 200, which are obtained as described above, are outputted as the
evaluation index data 113.

Next, a detailed example of the evaluation value calculation process in step S23 of
Fig. 20 will be described with reference to the flowchart of Fig. 22.

In step S61, the evaluation unit 104 obtains the average value Av, of the propagation
speed of the pulsation in the horizontal direction and the average value Av, of the
propagation speed of the pulsation in the vertical direction of each block of the motion
amount data 200 by Formula (4). In step S61, the evaluation unit 104 obtains the
average value
B0

of the propagation direction of the pulsation by Formula (5) based on the average
value Av, of the propagation speed of the pulsation in the horizontal direction and the
average value Av, of the propagation speed of the pulsation in the vertical direction.

In step S62, the evaluation unit 104 calculates the distribution value of the average
value of the propagation speed of a plurality of pulsations and the distribution value of
the average value of the propagation direction of a plurality of pulsations.

In step S63, the evaluation unit 104 calculates the maximum value and the minimum
value of the average value of the propagation speed of a plurality of pulsations and the
maximum value and the minimum value of the average value of the propagation

direction of a plurality of pulsations. Further, the evaluation unit 104 detects whether
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[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

or not the average value of the propagation speed of a plurality of pulsations is within a
certain range.

In step S64, the evaluation unit 104 calculates the evaluation value E; and the
evaluation value E, which represent the smallness of the distribution value of the
average value of the propagation speed of a plurality of pulsations and the distribution
value of the average value of the propagation direction of a plurality of pulsations.
Further, the evaluation unit 104 calculates the evaluation value E; representing the
smallness of the difference absolute value between the maximum value and the
minimum value of the average value of the propagation speed of a plurality of
pulsations and the evaluation value E, representing the smallness of the difference
absolute value between the maximum value and the minimum value of the average
value of the propagation direction of a plurality of pulsations. Further, the evaluation
unit 104 calculates an evaluation value E;s that represents a degree at which the average
value of the propagation speed of a plurality of pulsations is within a certain range.

In step S635, the evaluation unit 104 obtains the evaluation value E that represents
stability of the pulsation of the cultured myocardial cells by Formula (6) using the
evaluation values E; to Es calculated as described above.

The evaluation value E calculated in this way is an evaluation value representing the
stability of the pulsation of the cultured myocardial cells corresponding to a prede-
termined number of pulsations. For example, the evaluation value 114 is formed from
a plurality of temporally continuous evaluation values E and the evaluation value 114
is outputted from the evaluation unit 104.

Next, a detailed example of the display process in step S24 of Fig. 20 will be
described with reference to the flowchart of Fig. 23.

In step S81, the display unit 105 displays the propagation of the pulsation as
isochrones. Thereby, for example, as shown in Fig. 16, the propagation of the pulsation
is displayed as isochrones.

In step S82, the display unit 105 displays the propagation direction of the pulsation
as a histogram. Thereby, for example, as shown in Fig. 17, the propagation direction of
the pulsation is displayed as a histogram.

In step S83, the display unit 105 displays the propagation speed and the propagation
direction for each pulsation. Thereby, for example, as shown in Fig. 18, the
propagation speed and the propagation direction are displayed for each pulsation.

In step S84, the display unit 105 displays the transition of the evaluation value 114
over time. Thereby, for example, as shown in Fig. 19, the transition of the evaluation
value 114 over time is displayed.

In the display process, each of steps S81 to S84 need not necessarily be performed

and, for example, each of steps S81 to S84 may be selectively performed.
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[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

The series of processes described above can be performed by hardware or can be
performed by software. When the series of processes described above are performed
by software, programs included in the software are installed on a computer embedded
in dedicated hardware or, for example, a general-purpose personal computer 700 as
shown in Fig. 24, which can perform various functions by installing various programs,
from a network or a recording medium.

In Fig. 24, a CPU (Central Processing Unit) 701 performs various processes
according to programs stored in a ROM (Read Only Memory) 702 or programs loaded
into a RAM (Random Access Memory) 703 from a storage unit 708. In the RAM 703,
data necessary for the CPU 701 to perform various processes is stored as needed.

The CPU 701, the ROM 702, and the RAM 703 are connected to each other through
a bus 704. An input/output interface 705 is further connected to the bus 704.

An input unit 706 including a keyboard and a mouse, an output unit 707 including a
display such as an LCD (Liquid Crystal display) and a speaker, a storage unit 708
including a hard disk, and a communication unit 709 including a modem and a network
interface card such as a LAN card are connected to the input/output interface 705. The
communication unit 709 performs a communication process through a network
including the Internet.

A drive 710 is further connected to the input/output interface 705 as necessary, a
removable medium 711 such as a magnetic disk, an optical disk, a magnet-optical disk,
or a semiconductor memory is attached to the drive 710 as needed, and a computer
program read from the removable medium 711 is installed in the storage unit 708 as
necessary.

When the series of processes described above are performed by software, programs
included in the software are installed from a network such as the Internet or from a
recording medium including the removable medium 711 or the like.

The recording medium is not only the removable medium 711 shown in Fig. 24 such
as a magnetic disk (including a floppy disk (registered trademark)), an optical disk
(including a CD-ROM (Compact Disk-Read Only Memory) and a DVD (Digital
Versatile Disk)), a magnet-optical disk (including an MD (Mini-Disk) (registered
trademark)), and a semiconductor memory, which stores programs and which is dis-
tributed to deliver the programs to a user separately from the device main body, but
also the ROM 702 and the hard disk included in the storage unit 708, which record
programs and which are delivered to the user in a state in which they are installed in
the device main body in advance.

The series of processes described in the present description include not only
processes performed in time series according to the order of the description but also

processes that are not necessarily performed in time series but performed in parallel or
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[0151]  Further, the embodiment of the present technology is not limited to the embodiment

[0152]
[0153]

described above but can be variously modified without departing from the scope of the
present technology.

The following configurations are also possible for the present technology:

ey

An image processing device including:

a motion detector that detects motion of cultured myocardial cells for each partial
area in an observation area on the basis of a picked-up image;

a motion amount calculator that calculates an amount of motion of each detected
motion; and

a propagation information calculator that calculates a propagation speed and a
propagation direction of the motion for each pulsation of the cultured myocardial cells
on the basis of waveform information representing a variation over time of each
calculated amount of motion.

@3]

The image processing device described in the item (1), in which

the motion detector detects the motion for each partial area in each frame of a
moving image in the observation area, and

the propagation information calculator generates waveform information representing
pulsation of the cultured myocardial cells in the partial area on the basis of the amount
of motion for each partial area in a plurality of frames of the moving image.

3)

The image processing device described in the item (2), in which

the propagation information calculator calculates the propagation speed and the
propagation direction for each pulsation by comparing a time corresponding to a
feature point set in advance in a waveform of the waveform information in a prede-
termined partial area with a time corresponding to a feature point set in advance in a
waveform of the waveform information in another partial area.

“

The image processing device described in any one of the items (1) to (3), which
further includes

an evaluation unit that calculates an evaluation value evaluating stability over a
plurality of pulsations of the cultured myocardial cells in the entire observation area.

&)

The image processing device described in the item (4), in which

the evaluation unit evaluates at least any one of a degree of distribution of the

propagation direction and the propagation speed of the pulsation, smallness of a
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difference between a maximum value and a minimum value of the propagation
direction and the propagation speed of the pulsation, and a degree at which the
propagation speed is within a certain range.

(6)

The image processing device described in any one of the items (1) to (5), which further
includes

a display unit that visualizes and displays a state of the propagation of the pulsation.
@)

The image processing device described in the item (6), in which

the display unit displays the propagation of the pulsation as isochrones.

8)

The image processing device described in the item (6), in which

the display unit displays the propagation of the pulsation as a histogram.

€))

The image processing device described in the item (6), in which

the display unit displays the propagation speed and the propagation direction for each
pulsation in association with a waveform representing the pulsation.

(10)

The image processing device described in the item (6), in which

the display unit displays transition over time of an evaluation value evaluating stability
of the pulsation.

(11)

An image processing method including:

detecting motion of cultured myocardial cells for each partial area in an observation
area on the basis of a picked-up image by a motion detector;

calculating an amount of motion of each detected motion by a motion amount
calculator; and

calculating a propagation speed and a propagation direction of the motion for each
pulsation of the cultured myocardial cells on the basis of a waveform representing each
calculated amount of motion by a propagation information calculator.

(12)

A program causing a computer to function as an image processing device, the image
processing device including:

a motion detector that detects motion of cultured myocardial cells for each partial area
in an observation area on the basis of a picked-up image;

a motion amount calculator that calculates an amount of motion of each detected
motion; and

a propagation information calculator that calculates a propagation speed and a
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[0154]

propagation direction of the motion for each pulsation of the cultured myocardial cells
on the basis of waveform information representing a variation over time of each
calculated amount of motion.

(A)

An image processing device including:

processor circuitry configured to:

detect motion of objects in an observation area on the basis of a captured image;

calculate amounts of each detected motion; and

calculate at least one of a propagation speed and a propagation direction of the
motion for pulsations of the objects.

(B)

The image processing device described in the item (A), wherein the object is selected
from the group consisting of cultured myocardial cells, non-cultured myocardial cells,
or a heart.

©

The image processing device described in the items (A) to (B),wherein the processor
circuitry calculates at least one of the propagation speed and the propagation direction
of the motion for pulsations of the objects based on waveform information representing
a variation over time of each calculated amount of motion.

(D)

The image processing device described in the items (A) to (C),wherein the processor
circuitry is configured to detect the motion for each of a plurality of partial areas in
each frame of a moving image in the observation area, and the propagation information
calculator generates waveform information representing pulsations of the objects in the
respective partial areas on the basis of the amounts of motion for each partial area in a
plurality of frames of the moving image.

(E)

The image processing device described in the items (A) to (D),wherein the processor
circuitry is configured to calculate at least one of the propagation speed and the
propagation direction for each pulsation by comparing a time corresponding to a
feature point set in advance in a waveform of the waveform information in a prede-
termined partial area with a time corresponding to a feature point set in advance in a
waveform of the waveform information in another partial area.

(F)

The image processing device described in the items (A) to (E), further comprising:

an evaluation unit that calculates an evaluation value evaluating stability over a
plurality of pulsations of the objects in the entire observation area.

(G)
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The image processing device described in the items (A) to (F), wherein the evaluation
unit evaluates at least one selected from the group consisting of:

a degree of distribution of the propagation direction and the propagation speed of the
pulsation;

a smallness of a difference between a maximum value and a minimum value of the
propagation direction and the propagation speed of the pulsation; and

a degree at which the propagation speed is within a certain range.

(H)

The image processing device described in the items (A) to (G), wherein the processor
circuitry is configured to cause a state of the propagation of the pulsation to be
displayed on a display unit.

@

The image processing device described in the items (A) to (H), wherein the processor
circuitry is configured to cause the propagation of the pulsation to be displayed as
isochrones.

)

The image processing device described in the items (A) to (I), wherein the processor
circuitry is configured to cause the propagation of the pulsation to be displayed as a
histogram.

(K)

The image processing device described in the items (A) to (I), wherein the processor
circuitry is configured to cause the propagation speed and the propagation direction for
each pulsation to be displayed in association with a waveform representing the
pulsation.

(L)

The image processing device described in the items (A) to (K), wherein the processor
circuitry is configured to cause a transition over time of an evaluation value evaluating
stability of the pulsation to be displayed.

M)

The image processing device described in the items (A) to (L), wherein a pulsation of
the object includes a contraction and an expansion of said object.

(N)

An image processing method comprising:

detecting motion of objects in an observation area on the basis of a captured image;
calculating amounts of each detected motion; and

calculating at least one of a propagation speed and a propagation direction of the
motion for pulsations of the objects.

O)
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The image processing method described in the item (N), wherein a pulsation of the
object includes a contraction and an expansion of said object.
(P)
A non-transitory computer readable storage medium storing a computer program for
causing a computer to function as an image processing device, the image processing
device comprising:
processor circuitry configured to:
detect motion of objects in an observation area on the basis of a captured image;
calculate amounts of each detected motion; and
calculate at least one of a propagation speed and a propagation direction of the motion
for pulsations of the objects.
Q
The non-transitory computer readable storage medium described in the item (P),
wherein a pulsation of the object includes a contraction and an expansion of said
object.
Reference Signs List

101 image pickup unit

102 evaluation target image data generation recording unit

103 evaluation index data generation unit

104 evaluation unit

105 display unit

121 motion detector

122 motion amount calculator

123 propagation information calculator
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Claims
An image processing device comprising:
processor circuitry configured to:
detect motion of objects in an observation area on the basis of a
captured image;
calculate amounts of each detected motion; and
calculate at least one of a propagation speed and a propagation
direction of the motion for pulsations of the objects.
The image processing device according to claim 1, wherein the object
is selected from the group consisting of cultured myocardial cells, non-
cultured myocardial cells, or a heart.
The image processing device according to claim 1, wherein the
processor circuitry calculates at least one of the propagation speed and
the propagation direction of the motion for pulsations of the objects
based on waveform information representing a variation over time of
each calculated amount of motion.
The image processing device according to claim 1, wherein the
processor circuitry is configured to detect the motion for each of a
plurality of partial areas in each frame of a moving image in the ob-
servation area, and the propagation information calculator generates
waveform information representing pulsations of the objects in the re-
spective partial areas on the basis of the amounts of motion for each
partial area in a plurality of frames of the moving image.
The image processing device according to claim 4, wherein the
processor circuitry is configured to calculate at least one of the
propagation speed and the propagation direction for each pulsation by
comparing a time corresponding to a feature point set in advance in a
waveform of the waveform information in a predetermined partial area
with a time corresponding to a feature point set in advance in a
waveform of the waveform information in another partial area.
The image processing device according to claim 1, further comprising:
an evaluation unit that calculates an evaluation value evaluating
stability over a plurality of pulsations of the objects in the entire ob-
servation area.
The image processing device according to claim 6, wherein the
evaluation unit evaluates at least one selected from the group consisting
of:
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a degree of distribution of the propagation direction and the
propagation speed of the pulsation;

a smallness of a difference between a maximum value and a minimum
value of the propagation direction and the propagation speed of the
pulsation; and

a degree at which the propagation speed is within a certain range.

The image processing device according to claim 1, wherein the
processor circuitry is configured to cause a state of the propagation of
the pulsation to be displayed on a display unit.

The image processing device according to claim 8§, wherein the
processor circuitry is configured to cause the propagation of the
pulsation to be displayed as isochrones.

The image processing device according to claim 8§, wherein the
processor circuitry is configured to cause the propagation of the
pulsation to be displayed as a histogram.

The image processing device according to claim 8§, wherein the
processor circuitry is configured to cause the propagation speed and the
propagation direction for each pulsation to be displayed in association
with a waveform representing the pulsation.

The image processing device according to claim 8§, wherein the
processor circuitry is configured to cause a transition over time of an
evaluation value evaluating stability of the pulsation to be displayed.
The image processing device according to claim 1, wherein a pulsation
of the object includes a contraction and an expansion of said object.
An image processing method comprising:

detecting motion of objects in an observation area on the basis of a
captured image;

calculating amounts of each detected motion; and

calculating at least one of a propagation speed and a propagation
direction of the motion for pulsations of the objects.

The image processing method according to claim 14, wherein a
pulsation of the object includes a contraction and an expansion of said
object.

A non-transitory computer readable storage medium storing a computer
program for causing a computer to function as an image processing
device, the image processing device comprising:

processor circuitry configured to:

detect motion of objects in an observation area on the basis of a
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captured image;
calculate amounts of each detected motion; and
calculate at least one of a propagation speed and a propagation
direction of the motion for pulsations of the objects.

[Claim 17] The non-transitory computer readable storage medium according to
claim 16, wherein a pulsation of the object includes a contraction and

an expansion of said object.
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