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(57) Abstract: An imaging system, comprising a controller configured to
control the imaging system to: capture a first image of a sample, the first
image being one of a bright field image, a phase difference image, and a dif-
ferential interference image; and capture, based at least in part on informa-
tion obtained from the first image, a second image of the sample, the second
image being a different type of image than the first image.
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Description

Title of Invention: MICROSCOPE SYSTEM AND AUTO-

FOCUSING METHOD

Technical Field

(CROSS REFERENCE TO RELATED APPLICATIONS)

This application claims the benefit of Japanese Priority Patent Application JP
2013-230998 filed November 7, 2013, the entire contents of which are incorporated
herein by reference.

The present technology related to a microscope system and an autofocusing method

thereof.

Background Art

In recent years, a biological observation apparatus capable of observing the dis-
tribution of a fluorescent material in a sample and obtaining data of the fluorescent
material as data of a sharp and highly quantitative image has been disclosed (see, for
example, Patent Literature 1). The biological observation apparatus obtains a bright
field image and a fluorescent image, and combines the images.

In addition, in recent years, a method (global motion vector estimation, GME) that
calculates movement (global motion vector, GMV) of the entire images, each of which

includes an object, has been disclosed (see, for example, Patent Literature 2).
Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-open No. 2009-175661
PTL 2: Japanese Patent Application Laid-open No. 2009-065332
Summary

Technical Problem

In the biological observation apparatus disclosed in Patent Literature 1, focusing is
performed manually, and a bright field image and a fluorescent image are captured.
However, the capturing and the autofocusing (AF) function have not been improved by
providing feedback of the information obtained from the images.

As described above, in the capturing by the existing microscope, the autofocusing
function that is important to automate the microscope capturing is insufficient in many
respects.

In view of the circumstances as described above, it is desirable to provide a mi-
croscope system having an appropriate autofocusing function and a focusing method

thereof.
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Solution to Problem

According to an embodiment of the present technology, there is provided a mi-
croscope system including a stage on which a fluorescence-stained biological sample is
placed, the stage being movable, a bright field image capturing unit configured to
capture a bright field image of the biological sample placed on the stage, a fluorescent
image capturing unit configured to capture a fluorescent image of the biological
sample placed on the stage, and a controller configured to cause the bright field image
capturing unit to capture the bright field image at different times, to calculate
movement between the bright field image currently captured and the bright field image
captured at the previous time for each capturing of the bright field image, to move the
stage so that the movement is canceled out, and to cause the fluorescent image
capturing unit to capture the fluorescent image.

In the microscope system according to the embodiment of the present technology, the
controller may be configured to repeat the process including capturing the bright field
image, calculating the movement, moving the stage, and capturing the fluorescent
image.

The microscope system according to the embodiment of the present technology may
further include an objective lens used for the capturing, the controller being configured
to set, as a detection frame, an area in an XY plane perpendicular to an optical axis of
the objective lens used to search for a focal position of the objective lens, to set a
region of interest (ROI) area in the fluorescent image, to calculate movement of the
ROI area based on a plurality of fluorescent images captured sequentially, and to move
the detection frame in the XY plane based on the movement of the ROI area.

The microscope system according to the embodiment of the present technology may
further include a temperature sensor configured to measure a temperature of the stage,
and a storage unit configured to store information on a relationship between the tem-
perature of the stage and distortion of the stage in the optical axis in advance, the
controller being configured to obtain the temperature of the stage from the temperature
sensor, and to refer to the relationship information to set a range of the optical axis for
searching for the focal position based on the obtained temperature.

In the microscope system according to the embodiment of the present technology, the
controller may be configured to calculate a time period necessary for moving the stage
so that the movement between the bright field images is canceled out, and to cancel the
movement of the stage and cause the storage unit to store the movement between the
bright field images in a case where the calculated time period is longer than a time
period for capturing the bright field image.

According to an embodiment of the present technology, there is provided an auto-
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focusing method, including capturing, by a bright field image capturing unit, a bright
field image of a fluorescence-stained biological sample at different times, the bi-
ological sample being placed on a movable stage, calculating, by a controller,
movement between the bright field images captured at respective times, and moving,
by the controller, the stage so that the movement is canceled out, and capturing, by a
fluorescent image capturing unit, a fluorescent image of the biological sample after the
movement of the stage.
Advantageous Effects of Invention

As described above, according to the present technologys, it is possible to achieve an
appropriate autofocusing function.

It should be noted that the effects described above are not necessarily restrictive, and
may be any of those described in the present technology.
Brief Description of Drawings
[fig.1]Fig. 1 is a configuration diagram of a laser scanning microscope system using an
embodiment of the present technology.
[fig.2]Fig. 2 is a flowchart for explaining the entire process in a flow of correction of
deviation performed in a microscope system 1 according to this embodiment.
[fig.3]Fig. 3 is a diagram showing an example in which a detection frame F is appro-
priately set to a captured fluorescent image.
[fig.4]Fig. 4 is a flowchart for explaining calculation of a motion vector in XY di-
rections in detail.
[fig.5]Fig. 5 is a diagram showing a state where a ROI area is obtained in a fluorescent
image.
[fig.6]Fig. 6 is a diagram showing a state where a ROl area is expanded in a flu-
orescent image.
[fig.7]Fig. 7 is a diagram showing a state where a luminance centroid is obtained in a
fluorescent image.
[fig.8]Fig. 8 is a diagram showing a state where a centroid area is divided into a
plurality of blocks in a fluorescent image.
[fig.9]Fig. 9 is a diagram showing a state where a motion vector is calculated for each
block in a fluorescent image.
[fig.10]Fig. 10 is a diagram showing the locus of movement of a cell, which is
obtained by connecting points obtained by plotting the position in XYZ directions for
each time.
[fig.11]Fig. 11 is a schematic diagram for schematically explaining a method of
tracking the movement of a cell using a Z stack at a plurality of times, and calculating

the three-dimensional motion vector (3D MV) of the cell.
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[fig.12]Fig. 12 is a flowchart for explaining a flow of an analyzing process in this em-
bodiment.

[fig.13]Fig. 13 is a flowchart for explaining a flow of an analyzing process in a
modified example.

Description of Embodiments

Hereinafter, embodiments according to the present technology will be described with
reference to the drawings.

(First embodiment)

In this embodiment, a configuration in the case where an autofocusing method
according to an embodiment of the present technology, more specifically, a method of
setting a range of detection for autofocusing is applied to a laser scanning microscope
system will be described. It should be noted that the application of the embodiment of
the present technology is not limited to the laser scanning microscope.

(Background)

A method of observing a cell using a microscope, which is called time lapse ob-
servation, takes a lot of time to capture an image. When capturing an image for a long
time with autofocusing, deviation of an autofocusing target range (detection frame) or
defocusing is caused.

For example, the deviation of a detection frame is caused due to drift, time
degradation of a cell (individual movement of cells), or the like. By the deviation, an
object, which is an observation target of an observer, is out of the detection frame. If
the object is out of the detection frame, it may be impossible to perform appropriate
autofocusing. On the other hand, defocusing is caused due to, for example, distortion
of a microscope caused by a temperature change.

It should be noted that the term "drift" represents that an object in a captured image is
displaced in the same direction in the case where a sample being an observation target
is a dish for cell culture or is observed in vivo. The "individual movement of cells"
represents independent movement of individual cells.

The "deviation of a detection frame" represents deviation in XY directions assuming
that directions perpendicular to an optical axis of an objective lens of a microscope are
XY directions and the direction of the optical axis is Z direction. On the other hand, the
"defocusing" represents deviation in a Z direction.

According to the present technology, the drift and individual movement of cells
caused by elapse of time and various types of deviation caused due to distortion caused
by a temperature change are corrected, and a range of detection for autofocusing is ap-
propriately set.

It should be noted that as an autofocusing method for focusing itself, e.g., a contrast
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autofocusing method and a phase difference autofocusing method, a well-known
method is used.

(Configuration of microscope system)

As described above, in the first embodiment, a configuration in which an em-
bodiment of the present technology is used for a laser scanning microscope system is
described. Fig. 1 is a configuration diagram of a laser scanning microscope system
using an embodiment of the present technology.

The microscope system 1 includes a laser light source unit 10, a scanner unit 20, a
microscope 30, a microscope controller 40, and a system control PC 50. It should be
noted that processes such as an image analyzing process performed in the system
control PC 50 may be performed by an image analyzing server 100 on a local network
or by an image analyzing cloud server 200 on the Internet cloud.

The laser light source unit 10 generates excitation light for causing a fluorescent-
labelled sample such as a cell to generate fluorescent light. The generated excitation
light is introduced into the scanner unit 20.

The laser light source unit 10 includes a laser controller 11. The laser controller 11
controls the intensity of excitation light, the light emission interval, and the like.

The scanner unit 20 includes a scanner controller 21, a galvanometer mirror 22, a
dichroic mirror 23, and a light detector 24 (fluorescent image capturing unit).

The galvanometer mirror 22 changes the direction of laser light for excitation in an X
direction and a Y direction so that the laser light for excitation introduced from the
laser light source unit 10 is moved in the horizontal direction (XY directions) of a
sample placed on a stage 35 of the microscope 30 and is applied. The laser light whose
direction is adjusted by the galvanometer mirror 22 is transmitted through the dichroic
mirror 23, and then introduced into the microscope 30. The laser light introduced into
the microscope 30 is applied to the sample. The fluorescent light excited by the ir-
radiation returns from the microscope 30 to the scanner unit 20.

The dichroic mirror 23 reflects, toward the light detector 24, only the fluorescent
light out of the laser light and fluorescent light returned from the microscope 30.

As the light detector 24, in general, a photomultiplier tube (PMT) is used. The light
detector 24 detects fluorescent light excited in a sample irradiated with laser light. It
should be noted that in the case of a confocal microscope, a pinhole is placed in front
of the light detector 24 on a light path. The pinhole is placed at a conjugated position
with a focal position of an objective lens 32 to be described later.

The scanner controller 21 controls the galvanometer mirror 22 or the light detector
24 in order to scan a sample in XY directions. A signal detected by the light detector
24 is transmitted to the system control PC 50 as a luminance value for each scanned

point on the XY plane.
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The microscope 30 includes a filter 31, the objective lens 32, the stage 35, a stage
driving unit 34, an imaging lens 36, an imaging unit 37 (bright field image capturing
unit), and a temperature sensor 38. It should be noted that on the stage 35, a sample to
be observed is placed.

The filter 31 guides the laser light, which is introduced from the scanner unit 20, into
the objective lens 32. In addition, the filter 31 guides fluorescent light, which is
generated from a sample by laser irradiation, into the scanner unit 20, or light reflected
from or transmitted through a sample, which is applied from a bright field light source
(not shown), into the imaging lens 36.

The objective lens 32 collects laser light, which is introduced through the filter 31
from the scanner unit 20, at a focal position of the objective lens 32. In addition, the
objective lens 32 guides fluorescent light, which is generated from a sample, into the
scanner unit 20 through the filter 31, or guides light, which is applied to a sample from
the bright field light source, into the imaging lens 36 through the filter 31.

On the stage 35, a sample is placed. The stage 35 is moved in XY directions per-
pendicular to the optical axis of the objective lens 32 and Z direction along the optical
axis of the objective lens 32 by the stage driving unit 34.

The imaging lens 36 causes bright field light, which has been transmitted through the
objective lens 32 and the filter 31, to be formed on an image sensor (not shown) of the
imaging unit 37.

The imaging unit 37 captures a bright field image formed on the images sensor by
the imaging lens 36. The captured image is transmitted to the system control PC 50 and
is analyzed.

The temperature sensor 38 measures the temperature in the microscope 30, and
transmits the measured value to the system control PC 50. The temperature sensor 38
may be placed at any position in the microscope 30 as long as a temperature change,
which causes defocusing in a Z direction, can be detected.

The microscope controller 40 causes the stage driving unit 34 to move the stage 35
based on an instruction about autofocusing, cell tracking exposure, or the like from the
system control PC 50, particularly, instruction to correct the drift, the individual
movement of cells, and deviation caused due to a temperature change.

The system control PC 50 includes a controller 51 and a storage unit 52.

The controller 51 controls the entire microscope system 1, generates a fluorescent
image by combining images using a luminance value detected by the light detector 24
and a coordinate pair value of the detected luminance value on the XY plane,
calculates an optimal intensity of laser light by analyzing the combined fluorescent
image, and controls the intensity of laser light. In addition, as described above, the

controller 51 controls the microscope controller 40, and achieves the functions of the
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microscope 30 such as autofocusing and cell tracking exposure.

In addition, the controller 51 calculates the movement of drift as GMV by a method
such as GME, calculates the individual movement of cells, and determines the de-
focusing in a Z direction based on the temperature measured in the microscope 30. The
controller 51 instructs the microscope controller 40 to correct the calculated deviation.
It should be noted that a program stored in the storage unit 52 is executed by a central
processing unit (CPU), and thus the controller 51 is realized.

The storage unit 52 is constituted of a hard disk drive or a semiconductor memory. In
the storage unit 52, a group of the programs executed by the CPU, a fluorescent image
obtained from the scanner unit 20, a temperature/Z direction position change table 52a
(related information), and the like are stored. The temperature/Z direction position
change table 52a stored in the storage unit 52 is obtained by measuring a relationship
between the temperature in the microscope 30 and the positional change of the stage 35
in a Z direction (defocusing) in advance.

The schematic configuration of the microscope system 1 has been described above.

(Overview of countermeasures against deviation)

(Countermeasures against drift)

In this embodiment, an observer desires to finally observe a fluorescent image.
However, because it is difficult to detect drift only from a fluorescent image, a bright
field image is used to detect drift appropriately.

Because drift is movement of the entire cell group, the cell group is focused first and
a bright field image is captured. Based on the bright field image, GMV, i.e., the
movement of the drift of the entire cell group is detected using a method such as GME.
Based on the detected GMYV, the stage 35 is moved in XY directions, if possible, and
correction is performed so that GMV is canceled out.

The drift is corrected before a fluorescent part is focused and a fluorescent image is
captured. Thus, it is possible to capture a fluorescent image that represents independent
movement of individual cells or only movement of the fluorescent part.

It should be noted that a marker (beads, etc.) can be used to detect drift with only a
fluorescent image without a bright field image. In this case, it may be impossible to
perform analysis appropriately in the case where a marker appears in a fluorescent
image and the marker overlaps a fluorescent part. Therefore, as in the embodiment of
the present technologys, it is favorable that a marker that appears in a fluorescent image
is not used and a bright field image is used to detect drift.

It should be noted that in the case where a bright field image is used to detect drift, a
marker that appears in a bright field image but does not appear in a fluorescent image
may be used.

(Countermeasures against individual movement of cells (phosphor))
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A difference (sum of absolute difference (SAD), etc.) between two fluorescent images
is used to obtain movement (deviation) of an area (ROI area). An observer desires to
observe the area. Then, a detection frame for autofocusing is moved in XY directions
in accordance with the obtained movement (motion vector). Thus, it is possible to deal
with the deviation of the ROI area.

(Countermeasure against deviation caused due to temperature change)

A relationship between a temperature and a displacement of the stage 35inaZ
direction at the temperature is measured, and the temperature/Z direction position
change table 52a is created in advance. During actual observation, by measuring the
temperature in the microscope 30 and referring to the temperature/Z direction position
change table 52a based on the measured temperature, it is possible to appropriately
determine the detection range in a Z direction when autofocusing is performed.

The overview of countermeasures against three types of deviation caused during long
term observation such as time lapse observation has been described above.

(Entire process)

Next, the entire flow of a deviation correction process performed in the microscope
system 1 according to this embodiment will be described. Fig. 2 is a flowchart for ex-
plaining the entire process in a flow of correction of deviation performed in a mi-
croscope system 1 according to this embodiment.

First, the controller 51 of the system control PC 50 determines whether the ob-
servation is finished or not (Step S10).

In the case where observation is made (N in Step S10), the controller 51 repeats the
following process until the observation is finished.

Next, the controller 51 instructs the microscope controller 40 or the like to capture a
bright field image of a sample (Step S20). In this case, autofocus is controlled so that
not a phosphor but a cell is focused. It should be noted that a bright filed image is used
here. However, it is not limited thereto, and a phase difference image, a differential in-
terference image, or the like may be used.

Next, the controller 51 calculates GMV from the obtained bright field image (time t
being n, n being a positive real number) and a stored bright field image (time t being n-
1) using a well-known method such as GME, and uses the calculated GMV as a drift
amount (Step S30).

Next, it is determined whether correction for the drift amount calculated in the
previous step can be performed by moving the stage 35 or not (Step S40). It should be
noted that whether the movement can be performed or not represents whether or not
the stage 35 can be moved in a direction to cancel out the drift amount appropriately
during the time from capturing to next capturing. In the case where the time to the next

capturing is short, it is determined that the stage 35 is not able to be moved appro-
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S540), the controller 51 uses the stage driving unit 34 to move the stage 35 to the ap-
propriate position in XY directions (Step S50).

In the case where the correction is not able to be performed by moving the stage 35
(N in Step S40), the controller 51 cause the storage unit 52 to store the drift amount so
that the correction can be performed after observation (capturing) (Step S60).

Processes from Step S20 to this step are countermeasures against the drift.

Next, the controller 51 instructs the respective units in the microscope system 1 to
capture a fluorescent image (Step S70). At this time, a phosphor is focused.

Next, the controller 51 uses the captured fluorescent image to calculate the motion
vector (MV) in XY directions (Step S80). This process will be described later in detail.
Next, the controller 51 moves the detection frame for autofocusing in XY directions

based on the motion vector calculated in the previous step (Step S90). Fig. 3is a
diagram showing an example in which the detection frame F is appropriately set to a
captured fluorescent image.

Processes from Step S80 to Step S90 are countermeasures against deviation from the
detection frame caused due to individual movement of cells.

Next, the controller 51 measures the temperature in the microscope 30 by the tem-
perature sensor 38. Then, the measured value is compared with the temperature/Z
direction position change table 52a to correct the deviation in a Z direction (Step
S100). By the correction, the detection range for autofocusing in a Z direction is appro-
priately set. This step is a countermeasure against the deviation caused due to a tem-
perature change.

Next, the controller 51 uses the appropriately-set detection frame (autofocusing target
range in XY directions) and the detection range (autofocusing target range in a Z
direction) to get a focus (Step S110). As the method of focusing, a well-known method
may be used.

The entire flow of a deviation correction process performed in the microscope system
1 according to this embodiment has been described above.

(Calculation of motion vector in XY directions)

Next, the calculation of a motion vector in XY directions described in the flow of the
entire process will be described in detail. Fig. 4 is a flowchart for explaining the cal-
culation of a motion vector in XY directions in detail.

First, the controller 51 receives designation of a ROI area (area with a phosphor)
from an observer, or detects a ROI area (Step S81). Fig. 5 is a diagram showing a state
where a ROI area is obtained in a fluorescent image.

Next, the controller 51 performs a process of expanding a ROI area (Step S82). Fig. 6
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is a diagram showing a state where a ROI area is expanded in a fluorescent image. This
process can be performed by, for example, a process of binarizing a luminance value.
Specifically, by setting a threshold value of the luminance value appropriately, it is
possible to set an area with low luminance as a ROI area. Furthermore, in the case
where the expansion process is simplified, for example, a method of uniformly
expanding a ROI area, which has not been expanded, with a predetermined width is
conceivable. The process of expanding a ROI area is performed to deal with the
temporal change of the shape of fluorescent light.

Next, the controller 51 calculates the luminance centroid of the expanded ROI area
(Step S83). The luminance centroid is obtained using a luminance value of respective
pixels, and represents the center of brightness. The luminance centroid is used because
the position of the luminance centroid changes very little even if the shape of a
phosphor changes with elapse of time. As the method of calculating the luminance
centroid, a well-known method may be used. It is possible to use the luminance
centroid as an index (marker) tracked to calculate the motion in XY directions.

It should be noted that in the subsequent processes, an area that is expanded in Step
582 and includes the luminance centroid is referred to as a centroid area. Fig. 7 is a
diagram showing a state where a luminance centroid is obtained in a fluorescent image.
It should be noted that in Fig. 7, the luminance centroid is shown by a circle having the
area for the sake of simplicity. The luminance centroid is actually a point.

Next, the controller 51 divides the centroid area into blocks (Step S84). The centroid
area is divided into blocks so that the motion vector of a ROI area can be easily
calculated. Fig. 8 is a diagram showing a state where a centroid area is divided into a
plurality of blocks in a fluorescent image. It can be seen that almost all fluorescent
areas are covered by blocks. It should be noted that only one block may be provided at
a position of the luminance centroid. A plurality of blocks are used in the case where a
phosphor is distributed widely with about the same luminance.

Next, the controller 51 calculates a motion vector for each block by a well-known
method such as SAD calculation (Step S85). Fig. 9 is a diagram showing a state where
a motion vector is calculated for each block in a fluorescent image.

The detail of calculation of a motion vector in XY directions has been described
above.

(Modified example 1)

Now, a modified example of the configuration according to the first embodiment will
be described. In the above-mentioned configuration, the stage 35 is moved in XY
direction and Z direction in accordance with the movement of a cell (fluorescent light)
to capture an image with time. On the other hand, in this modified example, the

position of the stage 35 at the time when an image is captured is stored for each
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capturing. Then, the position for each time in XY directions and Z direction is plotted
during analysis. Thus, it is possible to see how a cell has moved in three-dimensional
space, i.e., the locus of the cell. Fig. 10 is a diagram showing the locus of movement of
a cell, which is obtained by connecting points obtained by plotting the position in XYZ
directions for each time.

The first embodiment has been described above.

(Second embodiment)

In the first embodiment, a technique to capture an autofocused image by correcting
various types of deviation caused when fluorescent images are captured with time has
been described. Specifically, the technique according to the first embodiment has been
made to capture an image appropriately. On the other hand, the technique described in
the second embodiment has been made to reduce the burden on an analyzer during
analysis after capturing.

It should be noted that in the configuration according to the first embodiment, the
most-focused fluorescent image at a certain time in certain XY directions is captured.
On the other hand, in the configuration according to this embodiment, fluorescent
images at focal positions in a Z direction at a certain time in certain XY directions are
captured. Specifically, also a defocused image is captured. Here, the set of images is
referred to as "Z stack.” The images have different focal positions in a Z direction.

The focal position in an image, which constitutes the Z stack, may be determined at
predetermined intervals in the range from the upper surface of a glass slide to the lower
surface of a cover glass, for example. A sample being a specimen is placed on the glass
slide. The cover glass covers the sample.

(Configuration)

In this embodiment, captured images are analyzed, and a commonly-used personal
computer (PC) can be used. In a commonly-used PC, a functional block that is realized
by a program in the CPU of the PC is referred to as an analysis unit, here. The program
performs the following analysis.

(Image of three-dimensional tracking (cell tracking))

Now, a method of using a Z stack at a plurality of times to track movement of a cell
and calculating a three-dimensional motion vector of the cell will be descried
schematically. Fig. 11 is a schematic diagram for schematically explaining a method of
tracking the movement of a cell using a Z stack at a plurality of times, and calculating
the three-dimensional motion vector (3D MV) of the cell.

First, 5 fluorescent images having different focal positions in a Z direction are
analyzed at a time t being 1. Here, it is assumed that fluorescent light from a cell,
which is desired to be tracked, has been found in the third image from above. It should

be noted that the cell may be designated by an analyzer or detected automatically.
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Next, the analysis unit analyzes only three images, i.e., the third image at a position
in a Z direction in which the cell that is desired to be tracked appears and two images
adjacent thereto in the vertical direction, at the time t being 2. It should be noted that
the three images are referred to as "search frame," and an area in which a motion
vector is actually calculated is referred to as "search area.” Regarding size, the size of
the search frame is larger than the size of the search area. It should be noted that the
search frame only needs to include a plurality of images, and the number of images is
not limited to three. In Fig. 11, the search frame is shown by images with no diagonal
line. By the analysis, it can be seen that the intended cell is moved to the second
images from above at a position in a Z direction.

Next, three images, i.€., the second image from above at a position in a Z direction
and two images adjacent thereto in the vertical direction, are set as the search frame,
and only the three images are analyzed, at the time t being 3. By the analysis, it can be
seen that the intended cell is moved to the first image from above at a position in a Z
direction.

Lastly, the three-dimensional motion vector (3D MV) is calculated based on the
intended cell being in the third image at a position in a Z direction at the time t being 1,
in the second image at a position in a Z direction at the time t being 2, and in the first
image at a position in a Z direction at the time t being 3. For the calculation of the 3D
MYV, the 3D SAD calculation and 3D centroid calculation may be used.

As described above, in this embodiment, only images of the search frame including
an image in which the intended cell is determined to appear at the time t being n-1 at a
position in a Z direction and images adjacent thereto in the vertical direction are
analyzed in the case where the Z stack at the time t being n is analyzed, excluding the
time t being 1. Therefore, it is possible to perform analysis at higher speed than the
method of analyzing all images of a Z stack.

Further, if the three-dimensional tracking can be performed, it is possible to observe
a cell with time as if the movement of the cell is two-dimensional movement while
maintaining the focused state of the intended cell.

It should be noted that in this embodiment, whether the cell identified at the time t
being n-1 is the same as the cell found at the time t being n or not is determined in a
comprehensive manner based on the luminance value of the cell, and the expansion
and the standard deviation thereof. Specifically, cells have very similar shapes, and
there are a lot of vectors having a high evaluated value (results of SAD calculation). In
this regard, based on the information on the past motion vector of movement of a cell,
an estimated movement rate of a cell is calculated and an appropriate vector is
selected.

The method of using a Z stack at a plurality of times to track movement of a cell and
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calculating three-dimensional motion vector of the cell has been described
schematically.

(Flow or process)

Next, a flow of an analyzing process according to this embodiment will be described.
Fig. 12 is a flowchart for explaining a flow of an analyzing process in this em-
bodiment.

First, an analyzer designates a ROl area (area with a phosphor) in a fluorescent image
included in the Z stack at the time t being 1 (Step S200).

Next, the analysis unit detects the image with the highest luminance in the Z stack at
a same time (Step S210).

Next, the analysis unit performs a process of expanding a ROI area (Step S82). It
should be noted that processes from Step S82 to Step S84 are the same as those
according to the first embodiment.

Next, the analysis unit calculates the luminance centroid (Step S83).

Next, the analysis unit divides a centroid area into blocks (Step S84).

Next, the analysis unit sets a search frame in a Z direction in a Z stack at the next
time (Step S220).

During the whole time, the analysis unit performs block motion vector estimation
(ME) on fluorescent images over n frames (specified during the whole time) after the
position of the intended ROI area is identified (Step S230). By this process, it is
possible to obtain a three-dimensional motion vector.

Lastly, the analysis unit performs actual distance correction on the three-dimensional
motion vector calculated in the previous step (Step S240). It should be noted that the
three-dimensional motion vector is corrected because an actual space distance between
adjacent pixels changes due to the difference of the spatial resolution between an XY
plane and a Z direction. In this step, it is possible to estimate the movement accurately
by multiplying a weight coefficient based on the actual space distance by the three-
dimensional motion vector to correct the motion vector. It should be noted that based
on the motion vector corrected and calculated, it is possible to perform two-di-
mensional observation with time while focusing on a ROI area. In addition, as in the
modified example of the first embodiment, it is possible to obtain the locus of
movement of the ROI area in three-dimensional space. If the locus is obtained, the
actual movement distance of the ROI area can be calculated.

It should be noted that the movement of a ROI area in an XY plane is detected, and is
expanded three-dimensionally here. However, it is not limited thereto, and a method of
detecting the movement of the ROI area on an XZ plane or YZ plane depending on the
resolution may be used.

(Modified example 2)
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Now, a modified example of the second embodiment will be descried. In the second
embodiment, regarding the movement of a ROI area, the position in XY directions is
identified first and expanded three-dimensionally to identify the position in a Z
direction. On the other hand, in this modified example, the analysis unit identifies the
three-dimensional position of the ROI area first, divides the ROI are into voxels being
a regular grid unit in three-dimensional space, and analyzes the movement.

Fig. 13 is a flowchart for explaining a flow of an analyzing process in this modified
example.

First, an analyzer designates a ROI area in a fluorescent image included in a Z stack
at the time t being 1 (step S200).

Next, the analysis unit detects the image with the highest luminance in the Z stack at
a same time (Step S210).

Next, the analysis unit performs a three-dimensional expanding process of the ROI
area (binirizing luminance value) (Step S300).

Next, the analysis unit calculates a three-dimensional luminance centroid (Step
S310).

Next, the analysis unit divides the centroid area into voxels (Step S 320).

Next, the analysis unit sets the search space in three-dimensional space at the next
time (step S330).

Next, the analysis unit performs SAD calculation for each voxel, thereby performing
voxel motion vector estimation (ME) (Step S340).

Lastly, the analysis unit performs actual distance correction on the motion vector,
and calculates the three-dimensional motion vector (Step S240)

The modified example of the second embodiment has been described above.

(Supplementary note)

Embodiments of the present technology are not limited to the above-mentioned em-
bodiments and various modifications can be made without departing from the gist of
the present technology.

(Other configurations of present technology)

It should be noted that the present technology may also take the following config-
urations.

(1) A microscope system, comprising: a microscope; and a controller configured to
control the microscope to: capture a first image of a sample, the first image being one
of a bright field image, a phase difference image, and a differential interference image;
and capture, based at least in part on information obtained from the first image, a
second image of the sample, the second image being a different type of image than the
first image.

(2) The microscope system of (1), wherein the second image is an image of fluo-
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rescence emitted by the sample.

(3) The microscope system of (1), wherein the first image is a bright field image.

(4) The microscope system of (1), wherein the second image is an image obtained by
using a light source having a specified wavelength, and wherein the second image is
not an image of fluorescence emitted by the sample.

(5) The microscope system of (1), wherein the controller is configured to control the
microscope to capture the second image at least in part by: focusing the microscope,
based at least in part on the information obtained from the first image, to capture the
second image; and after the focusing, causing the microscope to capture the second
image.

(6) The microscope system of (5), wherein the microscope comprises a movable stage,
wherein the sample is disposed on the movable stage, and wherein focusing the mi-
croscope comprises: moving the movable stage by an amount determined based at least
in part on the information obtained from the first image.

(7) The microscope system of (5) wherein focusing the microscope is performed based
further on information obtained from one or more previously-captured images of a
same type as the first image.

(8) The microscope system of (5), wherein focusing the microscope comprises cal-
culating a general motion vector based at least in part on the information extracted
from the first image.

(9) A method for use in connection with a microscope system, the microscope
comprising a microscope, the method comprising: controlling the microscope to
capture a first image of a sample, the first image being one of a bright field image, a
phase difference image, and a differential interference image; and controlling the mi-
croscope to capture, based at least in part on information obtained from the first image,
a second image of the sample, the second image being a different type of image than
the first image.

(10) The method of (9), wherein the second image is an image of fluorescence emitted
by the sample.

(11) The method of (9), wherein the first image is a bright field image.

(12) The method of (9), wherein controlling the microscope to capture the second
image comprises: focusing the microscope, based at least in part on the information
obtained from the first image, to capture the second image.

(13) The method of (12), wherein the microscope comprises a movable stage, wherein
the sample is disposed on the movable stage, and wherein focusing the microscope
comprises: moving the movable stage by an amount determined based at least in part
on the information obtained from the first image.

(14) The method of (12), wherein focusing the microscope is performed based further
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on information obtained from one or more previously-captured images of a same type
as the first image.

(15) The method of (12), wherein automatically focusing the microscope comprises
calculating a general motion vector based at least in part on the information extracted
from the first image.

(16) At least one non-transitory computer-readable storage medium storing processor-
executable instructions that, when executed by a controller in a microscope system
having a microscope, cause the controller to control the microscope to perform:
capturing a first image of a sample, the first image being one of a bright field image, a
phase difference image, and a differential interference image; and capturing, based at
least in part on information obtained from the first image, a second image of the
sample, the second image being a different type of image than the first image.

(17) The at least one non-transitory computer-readable storage medium of (16),
wherein the second image is an image of fluorescence emitted by the sample.

(18) The at least one non-transitory computer-readable storage medium of (16),
wherein the first image is a bright field image.

(19) The at least one non-transitory computer-readable storage medium of (16),
wherein controlling the microscope to capture the second image comprises: focusing
the microscope based at least in part on the information obtained from the first image
and on information obtained from one or more previously-captured images of a same
type as the first image.

(20) An imaging system, comprising: a controller configured to control the imaging
system to: capture a first image of a sample, the first image being one of a bright field
image, a phase difference image, and a differential interference image; and capture,
based at least in part on information obtained from the first image, a second image of
the sample, the second image being a different type of image than the first image.

(21) A microscope system including:

a stage on which a fluorescence-stained biological sample is placed, the stage being
movable;

a bright field image capturing unit configured to capture a bright field image of the bi-
ological sample placed on the stage;

a fluorescent image capturing unit configured to capture a fluorescent image of the bi-
ological sample placed on the stage; and

a controller configured

to cause the bright field image capturing unit to capture the bright field image at
different times,

to calculate movement between the bright field image currently captured and the bright

field image captured at the previous time for each capturing of the bright field image,
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to move the stage so that the movement is canceled out, and

to cause the fluorescent image capturing unit to capture the fluorescent image.

(22) The microscope system according to (21) above, in which

the controller is configured to repeat the process including

capturing the bright field image,

calculating the movement,

moving the stage, and

capturing the fluorescent image.

(23) The microscope system according to (21) or (22) above, further including

an objective lens used for the capturing, the controller being configured

to set, as a detection frame, an area in an XY plane perpendicular to an optical axis of
the objective lens used to search for a focal position of the objective lens,

to set a region of interest (ROI) area in the fluorescent image,

to calculate movement of the ROI area based on a plurality of fluorescent images
captured sequentially, and

to move the detection frame in the XY plane based on the movement of the ROI area.
(24) The microscope system according to any one of (21) to (23) above, further
including:

a temperature sensor configured to measure a temperature of the stage; and

a storage unit configured to store information on a relationship between the tem-
perature of the stage and distortion of the stage in the optical axis in advance, the
controller being configured

to obtain the temperature of the stage from the temperature sensor, and

to refer to the relationship information to set a range of the optical axis for searching
for the focal position based on the obtained temperature.

(25) The microscope system according to any one of (21) to (24), in which

the controller is configured

to calculate a time period necessary for moving the stage so that the movement
between the bright field images is canceled out, and

to cancel the movement of the stage and cause the storage unit to store the movement
between the bright field images in a case where the calculated time period is longer
than a time period for capturing the bright field image.

(26) An autofocusing method, including:

capturing, by a bright field image capturing unit, a bright field image of a fluorescence-
stained biological sample at different times, the biological sample being placed on a
movable stage;

calculating, by a controller, movement between the bright field images captured at re-

spective times, and moving, by the controller, the stage so that the movement is
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canceled out; and
capturing, by a fluorescent image capturing unit, a fluorescent image of the biological

sample after the movement of the stage.
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
10 Laser light source unit
11 Laser controller
20 Scanner unit
21 Scanner controller
22 Galvanometer mirror
23 Dichroic mirror
24 Light detector
30 Microscope
31 Filter
32 Objective lens
33 Sample
34 Stage driving unit
35 Stage
36 Imaging lens
37 Imaging unit
38 Temperature sensor
40 Microscope controller
50 System control PC
51 Controller
52 Storage unit

52a Temperature/Z direction position change table
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Claims
A microscope system, comprising:
a microscope; and
a controller configured to control the microscope to:
capture a first image of a sample, the first image being one of a bright
field image, a phase difference image, and a differential interference
image; and
capture, based at least in part on information obtained from the first
image, a second image of the sample, the second image being a
different type of image than the first image.
The microscope system of claim 1, wherein the second image is an
image of fluorescence emitted by the sample.
The microscope system of claim 1, wherein the first image is a bright
field image.
The microscope system of claim 1, wherein the second image is an
image obtained by using a light source having a specified wavelength,
and wherein the second image is not an image of fluorescence emitted
by the sample.
The microscope system of claim 1, wherein the controller is configured
to control the microscope to capture the second image at least in part
by:
focusing the microscope, based at least in part on the information
obtained from the first image, to capture the second image; and
after the focusing, causing the microscope to capture the second image.
The microscope system of claim 5, wherein the microscope comprises a
movable stage, wherein the sample is disposed on the movable stage,
and wherein focusing the microscope comprises:
moving the movable stage by an amount determined based at least in
part on the information obtained from the first image.
The microscope system of claim 5, wherein focusing the microscope is
performed based further on information obtained from one or more
previously-captured images of a same type as the first image.
The microscope system of claim 5, wherein focusing the microscope
comprises calculating a general motion vector based at least in part on
the information extracted from the first image.
A method for use in connection with a microscope system, the mi-

croscope comprising a microscope, the method comprising:
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controlling the microscope to capture a first image of a sample, the first
image being one of a bright field image, a phase difference image, and
a differential interference image; and

controlling the microscope to capture, based at least in part on in-
formation obtained from the first image, a second image of the sample,
the second image being a different type of image than the first image.
The method of claim 9, wherein the second image is an image of f{luo-
rescence emitted by the sample.

The method of claim 9, wherein the first image is a bright field image.
The method of claim 9, wherein controlling the microscope to capture
the second image comprises:

focusing the microscope, based at least in part on the information
obtained from the first image, to capture the second image.

The method of claim 12, wherein the microscope comprises a movable
stage, wherein the sample is disposed on the movable stage, and
wherein focusing the microscope comprises:

moving the movable stage by an amount determined based at least in
part on the information obtained from the first image.

The method of claim 12, wherein focusing the microscope is performed
based further on information obtained from one or more previously-
captured images of a same type as the first image.

The method of claim 12, wherein focusing the microscope comprises
calculating a general motion vector based at least in part on the in-
formation extracted from the first image.

At least one non-transitory computer-readable storage medium storing
processor-executable instructions that, when executed by a controller in
a microscope system having a microscope, cause the controller to
control the microscope to perform:

capturing a first image of a sample, the first image being one of a bright
field image, a phase difference image, and a differential interference
image; and

capturing, based at least in part on information obtained from the first
image, a second image of the sample, the second image being a
different type of image than the first image.

The at least one non-transitory computer-readable storage medium of
claim 16, wherein the second image is an image of fluorescence
emitted by the sample.

The at least one non-transitory computer-readable storage medium of
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claim 16, wherein the first image is a bright field image.

The at least one non-transitory computer-readable storage medium of
claim 16, wherein controlling the microscope to capture the second
image comprises:

focusing the microscope based at least in part on the information
obtained from the first image and on information obtained from one or
more previously-captured images of a same type as the first image.
An imaging system, comprising:

a controller configured to control the imaging system to:

capture a first image of a sample, the first image being one of a bright
field image, a phase difference image, and a differential interference
image; and

capture, based at least in part on information obtained from the first
image, a second image of the sample, the second image being a

different type of image than the first image.
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