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DESCRIPTION

Description

Technical Field

[0001] The present disclosure relates to an image acquisition device and an image acquisition
method.

Background Art

[0002] In an image acquisition device for acquiring a still image of a sample such as a tissue
cell, in a case where the sample is greater than an image capturing visual field of an image
capturing element, for example, partial images of the sample are sequentially acquired while
moving a stage that holds the sample with respect to an objective lens, and then the partial
images are composed to acquire an entire image of the sample. In the image acquisition
device, for example, an image acquisition method called a tiling scanning method has been
used. In the tiling scanning method, the stage is moved so that a predetermined region of the
sample is included in a visual field of the objective lens, and tile images (partial images of the
sample) are acquired by using a two-dimensional image capturing element such as an area
sensor. Then, the same operation is repetitively executed to acquire an observation image (an
entire image of the sample) including a plurality of tile image rows (for example, refer to Patent
Literature 1 and Patent Literature 2).

Citation List

Patent Literature

[0003]
Patent Literature 1: Japanese Unexamined Patent Publication No. 2015-087723
Patent Literature 2: Japanese Unexamined Patent Publication No. 2015-087719

US 2006/034543 A1 discloses a method and apparatus of mechanical stage position in virtual
microscopy capture.
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WO 01/84209 A2 discloses a fully automatic rapid microscope slide scanner.

WO 2015/174057 A1 discloses an image processing apparatus and an imaging apparatus.

Summary of Invention

Technical Problem

[0004] In the image acquisition device that employs the tiling scanning method, a position of
the stage that holds the sample is monitored by using a position detection unit such as a linear
encoder, and capturing of an optical image of the sample is executed at timing at which the
sample reaches a target position. However, when an environment load such as vibration, static
electricity, and a temperature is applied to the image acquisition device from the outside during
execution of scanning, it is considered that a malfunction occurs in the position detection unit.
When the malfunction occurs in the position detection unit, there is a concern that the two-
dimensional image capturing element skips image capturing at the target position, and tile
images which constitute the observation image may be lost.

[0005] The present disclosure has been made to solve the problem, and an object thereof is to
provide an image acquisition device and an image acquisition method which are capable of
preventing loss of tile images in an observation image.

Solution to Problem

[0006] According to an aspect of the present disclosure, there is disclosed an image
acquisition device according to claim 1.

[0007] In the image acquisition device, when capturing the optical image of the sample through
the lane scanning, the number of the tile images included in the tile image row acquired in one
lane is counted, and a determination is made as to whether or not the number of images
reaches the planned acquisition count set in advance. In addition, in a case where it is
determined that the number of images does not reach the planned acquisition count, the lane
scanning with respect to the lane is re-executed. Accordingly, even when a loss of the tile
images occurs due to an environment load, the tile images are complemented by re-execution
of the lane scanning, and thus it is possible to prevent the loss of the tile images in an
observation image.

[0008] In addition, when re-executing the lane scanning, the control unit sets a movement
speed of the stage to a speed slower than the predetermined speed. According to this, it is
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possible to suppress occurrence of the loss of the tile images when re-executing the lane
scanning.

[0009] In addition, the image acquisition device may further include a position detection unit
that detects a position of the stage, and the control unit may synchronize image capturing by
the two-dimensional image capturing element and emission of the instantaneous light by the
light emission unit on the basis of position information of the stage which is generated by the
position detection unit. According to this, it is possible to appropriately execute acquisition of
the tile images at a target position of the sample.

[0010] In addition, the determination unit may count the number of the tile images included in
the tile image row whenever image capturing in the one lane is completed. In this case,
necessity and non-necessity of complementation of the tile images are determined at the time
of acquiring each of the tile image rows, and thus it is possible to obtain an observation image
without the loss of the tile images simultaneously with completion of the lane scanning.

[0011] In addition, the determination unit may count the number of the tile images included in
each of the tile image rows after completing image capturing in all lanes. In this case, necessity
and non-necessity of complementation of the tile images are determined after acquisition of all
tile image rows, and thus in a case where the loss of the tile images does not occur, it is
possible to shorten time taken until obtaining the observation image.

[0012] In addition, according to another aspect of the present disclosure, there is provided an
image acquisition method according to claim 5.

[0013] In the image acquisition method, when capturing the optical image of the sample
through the lane scanning, the number of the tile images included in the tile image row
acquired in one lane is counted, and a determination is made as to whether or not the number
of images reaches the planned acquisition count set in advance. In addition, in a case where it
is determined that the number of images does not reach the planned acquisition count, the
lane scanning with respect to the lane is re-executed. Accordingly, even when a loss of the tile
images occurs due to an environment load, the tile images are complemented by re-execution
of the lane scanning, and thus it is possible to prevent the loss of the tile images in an
observation image.

[0014] In addition, in the re-execution step, a movement speed of the stage is set to a speed
slower than the predetermined speed. According to this, it is possible to suppress occurrence
of the loss of the tile images during re-execution of the lane scanning.

[0015] In addition, the image acquisition method may further include a position detection step
of detecting a position of the stage, and in the image capturing step, image capturing by the
two-dimensional image capturing element and emission of the instantaneous light may be
synchronized on the basis of position information of the stage which is generated in the
position detection step. According to this, it is possible to appropriately execute acquisition of



DK/EP 3677946 T3

the tile images at a target position of the sample.

[0016] In addition, in the determination step, the number of the tile images included in the tile
image row may be counted whenever image capturing in the one lane is completed. In this
case, necessity and non-necessity of complementation of the tile images are determined at the
time of acquiring each of the tile image rows, and thus it is possible to obtain an observation
image without the loss of the tile images simultaneously with completion of the lane scanning.

[0017] In addition, in the determination step, the number of the tile images included in each of
the tile image rows may be counted after completing image capturing in all lanes. In this case,
necessity and non-necessity of complementation of the tile images are determined after
acquisition of all tile image rows, and thus in a case where the loss of the tile images does not
occur, it is possible to shorten time taken until obtaining the observation image.

Advantageous Effects of Invention

[0018] According to the image acquisition device and the image acquisition method, it is
possible to prevent loss of tile images in an observation image.

Brief Description of Drawings

[0019]
FIG. 1 is a view illustrating an embodiment of an image acquisition device.

FIG. 2 is a view illustrating a light-receiving surface of an image capturing element that
constitutes the image acquisition device.

FIG. 3 is a block diagram illustrating functional constituent elements of a computer.
FIG. 4 is a view illustrating an example of a macro image with respect to a sample.

FIG. 5 is a view illustrating an example of an image acquisition region with respect to the
sample.

FIG. 6 is a view illustrating an example of a relationship between an exposure period and a
read-out period, and irradiation of instantaneous light in the image capturing element.

FIG. 7 is a flowchart illustrating an example of an image acquisition method.
FIG. 8 is a flowchart illustrating an example of lane scanning.

FIG. 9 is a flowchart illustrating another example of the image acquisition method.
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Description of Embodiments

[0020] Hereinafter, a preferred embodiment of an image acquisition device and an image
acquisition method according to an aspect of the present disclosure will be described in detail
with reference to the accompanying drawings.

[0021] FIG. 1 is a view illustrating an embodiment of an image acquisition device. As illustrated
in the same drawing, the image acquisition device 1 includes a stage 2 that holds a sample S,
a light source 3 (light emission unit) that emits the instantaneous light L toward the sample S, a
light guide optical system 5 including an objective lens 25 disposed to face the sample S on the
stage 2, and a two-dimensional image capturing element 6 that captures an optical image of
the sample S which is guided by the light guide optical system 5.

[0022] In addition, the image acquisition device 1 includes an objective lens drive unit 11 that
changes a focal point position of the objective lens 25 with respect to the sample S, a stage
drive unit (drive unit) 12 that moves the sample S in a direction (scanning direction)
intersecting an optical axis of the objective lens 25 at a predetermined speed, a position
detection unit 13 that detects a position of the stage 2, and a computer 14 that collectively
controls an operation of the image acquisition device 1.

[0023] For example, the sample S that is observed by the image acquisition device 1 is a
biological sample such as a tissue cell, and is placed on the stage 2, for example, in a state of
being sealed in slide glass. The light source 3 is disposed on a bottom surface side of the
stage 2. As the light source 3, for example, a flash lamp type light source such as a laser diode
(LD), a light-emitting diode (LED), a super luminescent diode (SLD), and a xenon flash lamp is
used. An operation of the light source 3 is controlled by a light source control unit 101A to be
described later.

[0024] The light guide optical system 5 includes an illumination optical system 21 that is
disposed between the light source 3 and the stage 2, and a microscope optical system 22 that
is disposed between the stage 2 and the two-dimensional image capturing element 6. For
example, the illumination optical system 21 includes a Koehler illumination optical system
constituted by a condensing lens 23 and a projection lens 24, and guides light from the light
source 3 and irradiates the sample S with uniform light.

[0025] On the other hand, the microscope optical system 22 includes the objective lens 25,
and an image forming lens 26 that is disposed on a subsequent-stage side (two-dimensional
image capturing element 6 side) of the objective lens 25, and guides an optical image of the
sample S to the two-dimensional image capturing element 6. Note that, the optical image of the
sample S is an image by transmitted light in the case of bright visual field illumination, an image
by scattered light in the case of dark visual field illumination, or an image by light-emitting
(fluorescence) in the case of light-emitting observation (fluorescence observation). In addition,
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the optical image may be an image by reflected light from the sample S. In these cases, as the
light guide optical system 5, it is possible to employ an optical system corresponding to image
acquisition of a transmitted-light image, a scattered-light image, and a light-emitting
(fluorescent) image of the sample S.

[0026] The two-dimensional image capturing element 6 is an image capturing element
including a plurality of pixel arrays. Examples of the two-dimensional image capturing element
6 include a CCD image sensor and a CMOS image sensor. As illustrated in FIG. 2, for
example, M pixel arrays 31 (a first pixel array 314, a second pixel array 315, a third pixel array

313, ..., an M-2"" pixel array 31,5, an M-1t" pixel array 31,1, and an M pixel array 31y;) in
which a plurality of pixels are one-dimensionally disposed are arranged on the light-receiving
surface 6a of the two-dimensional image capturing element 6 to be parallel to each other. The
two-dimensional image capturing element 6 sequentially captures the optical image of the
sample S which is guided by the light guide optical system 5 at a predetermined frame rate on
the basis of input of a trigger signal output from the computer 14, and outputs image data (tile
image T to be described later) acquired through image capturing to the computer 14. Note
that, the trigger signal may be output from the stage drive unit 12 or the position detection unit
13.

[0027] For example, the objective lens drive unit 11 is constituted by a motor such as a
stepping motor (pulse motor) or an actuator such as a piezo actuator. The objective lens drive
unit 11 drives the objective lens 25 in a Z direction along an optical axis of the objective lens 25
on the basis of control by an objective lens control unit 101B to be described later. According to
this, the focal point position of the objective lens 25 with respect to the sample S is moved.

[0028] For example, the stage drive unit 12 is constituted by a motor such as a stepping motor
(pulse motor) or an actuator such as a piezo actuator. The stage drive unit 12 drives the stage
2 in an XY direction with respect to a plane having a predetermined angle (for example, 90°)
with respect to an orthogonal plane of the optical axis of the objective lens 25 on the basis of
control by a stage control unit 101C to be described later. According to this, the sample S held
by the stage 2 moves with respect to the optical axis of the objective lens, and a visual field
position of the objective lens 25 with respect to the sample S moves.

[0029] In addition, for example, the position detection unit 13 is constituted by a linear encoder
that is attached to the stage 2. The position detection unit 13 detects XY coordinates of the
stage 2. The position detection unit 13 generates position information indicating a detection
result, and outputs the detection result to the computer 14.

[0030] The computer 14 physically includes a memory such as a RAM and a ROM, a
processor (operation circuit) such as a CPU, a communication interface, a storage unit such as
a hard disk, and a display unit such as a display. Examples of the computer 14 include a
personal computer, a microcomputer, a cloud server, a smart device (smart phone, tablet
terminal, or the like), and the like.
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[0031] As illustrated in FIG. 3, the computer 14 functions as a control unit 101 that controls an
operation of the image acquisition device 1, an image processing unit 102 that executes
processing of image data captured by the two-dimensional image capturing element 6, and a
determination unit 103 that determines a state of the image data captured by the two-
dimensional image capturing element 6 by executing a program stored in the memory by the
CPU of a computer system. In addition, the computer 14 includes a storage unit 104 that
stores various pieces of information such as the image data. Note that, the computer 14 may
be constituted by a plurality of computers, and for example, a function of the control unit 101
may be executed by one computer and another function may be executed by a different
computer.

[0032] More specifically, the control unit 101 includes the light source control unit 101A that
controls the operation of the light source 3, the objective lens control unit 101B that controls
the operation of the objective lens drive unit 11, and the stage control unit 101C that controls
the operation of the stage drive unit 12. The control unit 101 controls execution of the lane
scanning by the light source 3, the stage drive unit 12, and the two-dimensional image
capturing element 6 by the light source control unit 101A, the objective lens control unit 101B,
and the stage control unit 101C. Hereinafter, description will be given of the lane scanning.

[0033] In the image acquisition device 1, for example, image capturing with respect to the
sample S is performed at a high magnification such as 20 times or 40 times. According to this,
the visual field of the objective lens 25 becomes smaller than the sample S, and a region
capable of acquiring an image by image capturing performed once also becomes smaller than
the sample S. Accordingly, it is necessary to move the visual field of the objective lens 25 with
respect to the sample S for image capturing of the entirety of the sample S. Here, in the image
acquisition device 1, an image acquisition region is set to include the sample S with respect to
the slide glass that holds the sample S, and the lane scanning with respect to the image
acquisition region is executed.

[0034] In the lane scanning according to this embodiment, as illustrated in FIG. 4, as pre-
setting, a macro image of the entirety of the slide glass is acquired in advance by a macro
image acquisition device (not illustrated), and an image acquisition region 32 with respect to
the sample S is set on the basis of the acquired macro image. When setting the image
acquisition region 32, it is preferable to perform binarization of the macro image to easily
specify a range of the sample S in the macro image. After setting the image acquisition region
32, a focal point measurement position in the image acquisition region 32 is set to create a
focus map.

[0035] In the example illustrated in FIG. 4, the image acquisition region 32 is divided into nine
parts in a matrix shape, and a focal point measurement position P is set to the center of each
of the divided regions 33. In addition, in a case where the center of the divided region 33
deviates from the sample S, the focal point measurement position P is set to an arbitrary
position at which the sample S is located through manual setting by a user, or the like. Next,
the slide glass is set to the image acquisition device 1 that is a micro image acquisition device,



DK/EP 3677946 T3

and the stage 2 is moved so that the objective lens 25 is located on the focal point
measurement position P. In addition, a plurality of two-dimensional images in the divided region
33 are acquired while driving the objective lens 25 in the Z direction at the focal point
measurement position P, and a focused position is determined on the basis of contrast of the
acquired two-dimensional images. A focus map of the sample S is created by applying a least
squares method to the focused position determined at each focal point measurement position
P.

[0036] After creating the focus map, an image capturing position in the image acquisition
region 32 is set. A visual field F of the objective lens 25 on the sample S is determined in
advance by a magnification of the objective lens 25 that is used, or the like. According to this, a
plurality of image capturing positions 34 are set in the image acquisition region 32 in a matrix
shape by allocating a size of the visual field F with respect to the set image acquisition region

32. In the example illustrated in FIG. 5, a plurality of first to nt lanes are set in the image

acquisition region 32 in a Y direction, and a plurality of first to m image capturing positions 34
are set to each of the lanes in the X direction (scanning direction). XY coordinates of each of
the image capturing positions 34, and a Z coordinate of the image capturing position 34 which
is obtained from the focus map are stored in the storage unit 104 in combination with the
number of the image capturing positions 34 in each of the lanes.

[0037] In the lane scanning, a part of the sample S is subjected to stroboscopic photographing
with the instantaneous light L while moving the stage 2 in the XY direction. In a case where the
stage 2 is constructed in combination of an X stage and a Y stage, it is considered that an X-
axis and a Y-axis of the stage 2 do not intersect completely, and Y coordinates of the image
capturing positions 34 in each of the lanes do not match each other. Accordingly, when setting
the image capturing positions 34, it is preferable to include the Y coordinates of the image
capturing positions 34, as described above. In a case where a deviation from the orthogonality
between the X-axis and the Y-axis of the stage 2 is as small as negligible, only XZ coordinates
of the image capturing positions 34 may be stored in the storage unit 104 for simplification of
processing.

[0038] The image acquisition device 1 captures images of parts of the sample S which
correspond to the image capturing positions 34 by the two-dimensional image capturing
element 6 to acquire tile images T which respectively correspond to the image capturing
positions 34. After the visual field F of the objective lens 25 moves to the image capturing
position 34 at which the subsequent image capturing is performed, image capturing is
performed again to acquire the subsequent tile image T. Then, the image acquisition device 1
repetitively executes an operation of sequentially capturing images of the image capturing
positions 34 for every lane, and thus acquisition of image data including a plurality of tile image
rows R is performed.

[0039] As a method of moving the visual field position of the objective lens 25 by the stage
control unit 101C, for example, as illustrated in FIG. 5, a uni-directional scanning in which
scanning directions in respective lanes become the same direction is employed. As the method



DK/EP 3677946 T3

of moving the visual field position of the objective lens 25, bi-directional scanning in which
scanning directions between adjacent lanes are inverted may be employed without limitation to
the uni-directional scanning. In addition, the light source control unit 101A causes the light
source 3 to emit the instantaneous light L. In this embodiment, as illustrated in FIG. 6, the two-
dimensional image capturing element 6 alternately executes exposure and read-out, and a
trigger signal is output to the light source control unit 101A during an exposure period of the
pixel arrays 31 (the first pixel array 31, the second pixel array 315, the third pixel array 313,

.-+, the M pixel array 31y). The light source control unit 101A causes the light source 3 to

emit the instantaneous light L on the basis of the trigger signal.

[0040] A read-out method of the two-dimensional image capturing element 6 may be a global
shutter method in which exposure periods of the pixel arrays 31 match each other, or a rolling
shutter method in which the exposure periods of the pixel arrays 31 deviate from each other by
a predetermined time. For example, the trigger signal is output from the control unit 101 to the
two-dimensional image capturing element 6 and the light source control unit 101A when the
visual field F of the objective lens 25 moves to the image capturing position 34 that becomes
an image capturing target by driving of the stage 2 on the basis of position information of the
stage 2 which is detected by the position detection unit 13. In addition, the number of clocks for
controlling the stage drive unit 12 is counted by the control unit 101, and when reaching a
predetermined number of counts, a trigger signal may be output from the control unit 101 to
the two-dimensional image capturing element 6 and the light source control unit 101A. Note
that, in the case of combining the instantaneous light L and the rolling shutter method, it is
necessary to output the instantaneous light L when all of the pixel arrays 31 are exposed.
Accordingly, the trigger signal may be output to the light source control unit 101A so that the
instantaneous light L is output when the visual field F of the objective lens 25 moves to the
image capturing position 34 that becomes an image capturing target by driving of the stage 2.

[0041] The image processing unit 102 executes processing of image data output from the two-
dimensional image capturing element 6. The image processing unit 102 receives the tile
images T output from the two-dimensional image capturing element 6, and combines the tile
image rows R acquired in the respective lanes to generate observation image data of the
entirety of the sample S. When generating the observation image data, for example, parts of
adjacent tile images T and T may be superimposed on each other on the basis of the position
information output from the position detection unit 13.

[0042] The determination unit 103 counts the number of the tile images T included in the tile
image row R acquired in one lane, and determines whether or not the number of images
reaches a planned acquisition count that is set in advance. In the example illustrated in FIG. 5,
the number of the image capturing positions 34 in each lane is set to m, and the tile image row
R is constituted by m pieces of tile images T. Accordingly, the determination unit 103 refers to
the storage unit 104, and in a case where the number of the tile images T included in the tile
image row R acquired in one lane is m, the determination unit 103 determines that the number
of the tile images T reaches the planned acquisition count that is set in advance, and in a case
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where the number of the tile images T is less than m, the determination unit 103 determines
that the number of the tile images T does not reach the planned acquisition count that is set in
advance. The determination unit 103 may count the number of the tile images T included in a
corresponding tile image row R whenever image capturing in one lane is completed, or may
count the number of the tile images included in each of the tile image rows R after completing
image capturing in all lanes.

[0043] In a case where it is determined that the number of images of the tile image row R in
one lane does not reach the planned acquisition count that is set in advance, the determination
unit 103 output instruction information that gives an instruction for re-execution of the lane
scanning with respect to the lane to the control unit 101. The control unit 101 that receives the
instruction information re-executes the lane scanning by the light source 3, the stage drive unit
12, and the two-dimensional image capturing element 6 with respect to the lane for which it is
determined that the number of the tile images T does not reach the planned acquisition count
that is set in advance. The control unit 101 may set a speed V¢ of the stage 2 when re-

executing the lane scanning to a speed slower than a speed Vj in a first lane scanning. For
example, the control unit 101 sets the speed V¢ of the stage 2 when re-executing the lane

scanning to a speed that is 2/3 or less times the speed Vj of the first lane scanning.

[0044] Next, description will be given of an image acquisition method using the image
acquisition device 1.

[0045] FIG. 7 is a flowchart illustrating an example of the image acquisition method using the
image acquisition device 1. As illustrated in the same drawing, in the image acquisition method,
as a pre-setting, first, a focus map is created (step S01). Here, a macro image of the entirety of
the slide glass is acquired in advance by a macro image acquisition device (not illustrated), and
the image acquisition region 32 with respect to the sample S is set on the basis of the acquired
macro image. After setting the image acquisition region 32, a focal point measurement position
in the image acquisition region 32 is set, and a focused position is determined on the basis of
contrast of a two-dimensional image obtained at each focal point measurement position P. In
addition, the focus map of the sample S is created by applying a least squares method to the
focused position determined at each focal point measurement position P.

[0046] After creating the focus map, the speed V of the stage 2 when executing the lane

scanning is set (step S02). In addition, the image capturing position 34 in the image acquisition
region 32 is set on the basis of the created macro image (step S03). That is, in the image

acquisition region 32, a plurality of first to nt" lanes are set in the Y direction, and a plurality of

first to mt" image capturing positions 34 are set to each of the lanes in the X direction. In
addition, XY coordinates of each of the image capturing positions 34, and a Z coordinate of the
image capturing position 34 which is obtained from the focus map are stored in the storage
unit 104 in combination with the number of the image capturing positions 34 in each of the
lanes.
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[0047] After setting the image capturing positions 34, coordinates of all of the image capturing
positions 34 are read out from the storage unit 104, and alignment of the stage 2 with respect
to the objective lens 25 is performed so that the visual field position of the objective lens 25 is
located at an initiation position of the lane scanning (step S04: alignment step). At this time, the
objective lens drive unit 11 is controlled so that the height of the objective lens 25 with respect
to the stage 2 is also located at the initiation position. In addition, the lane scanning with
respect to one lane is executed (step S05). In the lane scanning, as illustrated in FIG. 8, first,
the visual field position of the objective lens 25 is moved to the image capturing position 34 by
driving of the stage 2 (step S11). At this time, a position of the stage 2 is detected by the
position detection unit 13 (step S12: position detection step).

[0048] A trigger signal is generated at timing at which the visual field position of the objective
lens 25 reaches the image capturing position 34 on the basis of a detection result of the
position of the stage 2 (step S13), and irradiation of the instantaneous light L and image
capturing of the sample S are performed (step S14: image capturing step). In the image
capturing step, an optical image of the sample S is captured by the two-dimensional image
capturing element 6 in synchronization with irradiation of the instantaneous light L while moving
the stage 2 in the scanning direction of the lane scanning at the speed Vy, and the tile images

T at the image capturing positions 34 are acquired. In addition, in the image capturing step,
image capturing by the two-dimensional image capturing element 6 and emission of the
instantaneous light L are synchronized on the basis of the position information of the stage 2
which is generated in the position detection step.

[0049] After executing image capturing at one image capturing position 34, it is determined
whether or not the visual field position of the objective lens 25 reaches a lane termination
position (step S15). In a case where it is determined that the visual field position of the
objective lens 25 does not reach the lane termination position, the processes from step S11 to
step S15 are repetitively executed with respect to subsequent image capturing positions 34,
and the tile image row R at the image capturing positions 34 included in the lane is acquired. In
a case where it is determined that the visual field position of the objective lens 25 reaches the
lane termination position, the process with respect to the lane is completed.

[0050] After completion of the lane scanning with respect to one lane, as illustrated in FIG. 7,
the number of the tile images T included in the tile image row R acquired in one lane is
counted (step S06), and it is determined whether or not the number of images reaches a
planned acquisition count that is set in advance (step SO07: determination step). In the
determination step, in a case where it is determined that the number of images does not reach
the planned acquisition count that is set in advance, the lane scanning with respect to the lane
is re-executed (re-execution step). In the re-execution step, after the speed of the stage 2 is
re-set to the speed V. slower than the speed Vy that is set in step S02 (step S08), the

processes in step S03 to step SO07 are re-executed.

[0051] On the other hand, in the determination step, in a case where it is determined that the
number of images reaches the planned acquisition count that is set in advance, it is
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determined whether or not the lane scanning is completed in all lanes (step S09). In a case
where it is determined that the lane scanning is not completed, the processes from step S02 to
step S09 are repetitively executed with respect to the subsequent lane. In a case where the
lane scanning is re-executed with respect to the immediately previous lane, in the process in
step S02 with respect to the subsequent lane, the speed of the stage 2 is re-set to the speed
V. In a case where it is determined that the lane scanning is completed, tile image rows R

acquired in lane scanning of respective lanes are composed to generate observation image
data of the entirety of the sample S (step S10).

[0052] In the example illustrated in FIG. 7, the number of the tile images T included in a
corresponding tile image row R is counted whenever image capturing in one lane is completed,
but as illustrated in FIG. 9, the number of the tile images T included in respective tile image
rows R may be counted after completing image capturing of all lanes. In the example illustrated
in FIG. 9, as in step SO1 to step S05 in FIG. 7, respective processes of creation of the focus
map (step S21), setting of the stage speed (step S22), setting of the image capturing position
(step S23), alignment of the objective lens 25 to the initiation position of the lane scanning
(step S24), and execution of the lane scanning (step S25) are performed.

[0053] After executing the lane scanning, it is determined whether or not the lane scanning is
completed in all lanes (step S26). In a case where it is determined that the lane scanning in all
lanes is not completed, the processes from step S22 to step S26 are repetitively executed with
respect to the subsequent lane. In a case where it is determined the lane scanning in all lanes
is completed, the number of the tile images T included in the tile image rows R acquired in the
respective lanes is counted (step S27), and it is determined whether or not the number of
images reaches the planned acquisition count that is set in advance (step S28: determination
step).

[0054] In the determination step, in a case where it is determined that the number of images
does not reaches the planned acquisition count that is set in advance, the lane scanning with
respect to the lane is re-executed (re-execution step). In the re-execution step, after the speed
of the stage 2 is re-set to the speed V slower than the speed Vg that is set in step S22 (step

S29), the processes in step S23 to step S28 are re-executed. In the determination step, in a
case where it is determined that the number of images reaches the planned acquisition count
that is set in advance, the tile image rows R acquired in the lane scanning of respective lanes
are composed to generate the observation image data of the entirety of the sample S (step
S30).

[0055] As described above, in the image acquisition device 1, when capturing the optical
image of the sample S through the lane scanning, the number of the tile images T included in
the tile image row R acquired in one lane is counted, a determination is made as to whether or
not the number of images reaches the planned acquisition count that is set in advance. In
addition, in a case where it is determined that the number of images does not reach the
planned acquisition count, the lane scanning with respect to the lane is re-executed.
Accordingly, even when a loss of the tile images T occurs due to an environment load, the tile
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images T are complemented by re-execution of the lane scanning, and thus it is possible to
prevent the loss of the tile images T in an observation image.

[0056] In addition, in the image acquisition device 1, when re-executing the lane scanning, the
control unit 101 sets a movement speed of the stage 2 to a speed slower than a
predetermined speed. According to this, it is possible to suppress occurrence of the loss of the
tile images T when re-executing the lane scanning.

[0057] In addition, in the image acquisition device 1, a position of the stage 2 is detected by
the position detection unit 13, and the control unit 101 synchronizes image capturing by the
two-dimensional image capturing element 6 and emission of the instantaneous light L by the
light source 3 on the basis of position information of the stage 2 which is generated by the
position detection unit 13. According to this, it is possible to appropriately execute acquisition of
the tile images T at a target position of the sample S.

[0058] In addition, in the image acquisition device 1, the determination unit 103 may count the
number of the tile images T included in the tile image row R whenever image capturing in one
lane is completed. In this case, necessity and non-necessity of complementation of the tile
images T are determined at the time of acquiring each tile image row R, and thus it is possible
to obtain an observation image without the loss of the tile images T simultaneously with
completion of the lane scanning.

[0059] In addition, in the image acquisition device 1, the determination unit 103 may count the
number of the tile images T included in respective tile image rows R after completing image
capturing in all lanes. In this case, necessity and non-necessity of complementation of the tile
images T are determined after acquisition of all tile image rows R, and thus in a case where
the loss of the tile images T does not occur, it is possible to shorten time taken until obtaining
the observation image.

Reference Signs List

[0060] 1: image acquisition device, 2: stage, 3: light source (light emission unit), 5: light guide
optical system, 6: two-dimensional image capturing element, 12: stage drive unit (drive unit),
13: position detection unit, 25: objective lens, 101: control unit, 103: determination unit, L:
instantaneous light, R: tile image row, T: tile image, S: sample.
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Patentkrav

1. Billedoptagelsesindretning (1) omfattende:
et objektbord (2), der holder en prove;
en lysemissionsenhed (3), der emitterer gjeblikkeligt lys;
et optisk lysledersystem (5), der inkluderer en objektivlinse (25), der er
anbragt til at vende mod prgven pa objektbordet (2); og
en drivenhed (12), der bevaeger prgven i en scanningsretning, der skaerer
en optisk akse af objektivlinsen (25) med en forudbestemt hastighed,
et todimensionelt billedoptagelseselement (6), der optager et optisk billede
af prgven, som ledes af det optiske lysledersystem (5), gennem
banescanning i samarbejde med lysemissionsenheden (3) og drivenheden
(12), og erhverver observationsbilleddata, der udggres af en flerhed af
flisebilledrackker;
en styreenhed (101), der styrer udfgrelsen af banescanningen af
lysemissionsenheden (3), drivenheden (12) og det todimensionelle
billedoptagelseselement (6); kendetegnet ved, at
billedoptagelsesindretningen (1) yderligere omfatter:
en bestemmelsesenhed (103), der taller antallet af flisebilleder
inkluderet i hver af flisebilledraekkerne, som er erhvervet i en bane,
og bestemmer hvorvidt antallet af billeder nar et planlagt
optagelsestal, der er indstillet pa forhand,
hvor i et tilfeelde, hvor bestemmelsesenheden (103) bestemmer, at
antallet af billeder ikke nar det planlagte optagelsestal, genudfarer
styreenheden (101) banescanningen i forhold til den ene bane, og
nar banescanningen genudfgres, indstiller styreenheden (101) en
bevaagelseshastighed for objektbordet (2) til en hastighed, der er

lavere end den forudbestemte hastighed.

2. Billedoptagelsesindretningen (1) ifglge krav 1, yderligere omfattende:
en positionsdetekteringsenhed (13), der detekterer en position af
objektbordet (2),
hvor styreenheden (101) synkroniserer billedoptagelse med det

todimensionelle billedoptagelseselement og emission af det gjeblikkelige lys
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fra lysudsendelsesenheden pa basis af positionsinformation for

objektbordet (2), som genereres af positionsdetekteringsenheden (13).

3. Billedoptagelsesindretningen (1) ifglge et hvilket som helst af kravene 1 til 2,
hvor bestemmelsesenheden (103) taeller antallet af flisebillederne inkluderet i

flisebilledraekken, hver gang billedoptagelsen i den ene bane er fuldfert.

4. Billedoptagelsesindretningen ifglge et hvilket som helst af kravene 1 til 2,
hvor bestemmelsesenheden (103) taeller antallet af flisebillederne inkluderet i

hver af flisebilledreekkerne efter at have fuldfart billedoptagelsen i alle baner.

5. Billedoptagelsesfremgangsmade omfattende:
et justeringstrin til at justere et objektbord (2), der holder en prgve i
forhold til en objektivlinse (25), sdledes at en synsfeltposition af
objektivlinsen (25) er placeret ved en startposition til banescanning;
et billedoptagelsestrin med optagelse af et optisk billede af praven med et
todimensionelt billedoptagelseselement (6) i synkronisering med bestraling
af gjeblikkeligt lys, mens objektbordet (2) bevaeges i en scanningsretning
af banescanningen med en forudbestemt hastighed, og erhvervelse af
observationsbilleddata, der udggres af en flerhed af
flisebilledraekker; kendetegnet ved, at fremgangsmaden yderligere
omfatter:
et bestemmelsestrin med at teelle antallet af flisebilleder inkluderet i
hver af flisebilledraekkerne, som er erhvervet i en bane, og at
bestemme hvorvidt antallet af billeder nar et planlagt optagelsestal,
der er indstillet pa forhand; og
genudfgrelsestrin med at genudfgre banescanning i forhold til den
ene bane i et tilfaelde, hvor det bestemmes, at antallet af billeder
ikke nar det planlagte optagelsestal i bestemmelsestrinnet,
hvor i genudfgrelsestrinnet, en bevaegelseshastighed af objektbordet
(2) er indstillet til en hastighed, der er lavere end den forudbestemte

hastighed.
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6. Billedoptagelsesfremgangsmaden ifslge krav 5, yderligere omfattende:
et positionsdetekteringstrin til at detektere en position af objektbordet (2),
hvor i billedoptagelsestrinnet, billedoptagelse med det todimensionelle
billedoptagelseselement (6) og emission af det gjeblikkelige lys
5 synkroniseres pa basis af positionsinformation for objektbordet (2), som

genereres i positionsdetekteringstrinnet.

7. Billedoptagelsesfremgangsmaden ifslge krav 5 eller krav 6,
hvor antallet af flisebilleder inkluderet i flisebilledreekken i bestemmelsestrinnet

10 tzelles, nar billedoptagelsen i den ene bane er fuldfgrt.

8. Billedoptagelsesfremgangsmaden ifglge krav 5 eller krav 6,

hvor antallet af flisebilleder inkluderet i hver af flisebilledreekkerne i

bestemmelsestrinnet teelles efter fuldfgrelse af billedoptagelse i alle baner.
15
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