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(54) IMAGING METHOD AND LIGHT REGULATION TOOL

(57) A technology is provided which enables imaging
to be more conveniently performed under parallel light
illumination without requiring an imaging apparatus to
have a function of generating parallel light. Imaging is
performed with a regulation plate 2 having a multitude of
fine through holes penetrating in a vertical direction
placed between an illuminator 12 for emitting diffused
light L1 and a well plate WP for carrying biological spec-
imens serving as an imaging object in wells W. Inner wall
surfaces of the through holes are blackened to suppress
light reflectance to be low and an image with good con-
trast is obtained by irradiating only light incident at a small
incident angle on the regulation plate 2 to the wells W.
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Description

[TECHNICAL FIELD]

[0001] This invention relates to a technology for imaging biological specimens carried in a specimen container under
illumination and particularly to a technology for adjusting that illumination light.

CROSS REFERENCE TO RELATED APPLICATION

[0002] The disclosure of Japanese Patent Application No.2015-168663 filed on August 28, 2015 including specification,
drawings and claims is incorporated herein by reference in its entirety.

[BACKGROUND]

[0003] In fields of medicine and biochemistry, for the purpose of observing or analyzing biological specimens including
cells or bacilli, apparatuses for imaging the biological specimens have been put to practical use. For example, in an
imaging apparatus described in patent literature 1, diffused white light serving as illumination light is incident on spheroids
(cell clusters) carried in a specimen container called a well plate from above and light transmitted downward is received.
In this way, the spheroids serving as biological specimens, which are imaging objects, are imaged.

[CITATION LIST]

[PATENT LITERATURE]

[0004] [Patent literature 1] JP 2015-118036A

[SUMMARY]

[TECHNICAL PROBLEM]

[0005] Imaging objects included in biological specimens may be, for example, cells or cell colonies two-dimensionally
spreading along the bottom surface of a container. In this case, since the cells are close to transparent, sufficient contrast
may not be obtained under illumination by diffused light. For such biological specimens, contrast can be improved by
performing imaging under illumination by parallel light.
[0006] On the other hand, in such an imaging technology, there still remain many cases where diffused light is required
as illumination light. Thus, it is convenient if an illumination light source can be switched between diffused light and
parallel light. However, parallel light sources are generally complicated in configuration as compared to diffused light
sources. Further, knowledge on optics is necessary to select a suitable illumination means according to specimens or
purposes. Thus, a problem that it takes time for an inexperienced user to obtain desired image quality may possibly
occur. Accordingly, a technology is required which enables imaging to be more conveniently performed under parallel
light illumination even if a function of generating parallel light is not added to an imaging apparatus.

[SOLUTION TO PROBLEM]

[0007] This invention was developed in view of the above problem and provides a technology enabling imaging to be
more conveniently performed under parallel light illumination without requiring an imaging apparatus to have a function
of generating parallel light.
[0008] One aspect of the invention is directed to an imaging method which comprises: supporting horizontally a
specimen container carrying biological specimens; arranging an illumination light source above the specimen container,
a light regulation device between the illumination light source and the specimen container and an imager below the
specimen container; and imaging the biological specimens by causing light from the illumination light source to be incident
on the biological specimens via the light regulation device and receiving light transmitted downward from the specimen
container by the imager, wherein: the light regulation device includes a plate member in a form of a flat plate placeable
on the specimen container; a plurality of through holes penetrating from one principal surface side to another principal
surface side of the plate member are two-dimensionally and proximately arranged along the one principal surface of the
plate member; each through hole is a light-guiding path having a uniform cross-sectional shape along a normal direction
to the one principal surface; and a side wall surface of each through hole has a light absorbing property.
[0009] In the invention thus configured, components having a relatively large incident angle, out of the light incident
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on the one principal surface side of the light regulation device, are absorbed by the light regulation device and light close
to parallel light having a traveling direction regulated is emitted from the another principal surface side of the light
regulation device. Thus, illumination light converted into substantially parallel light by the light regulation device is incident
on the biological specimens carried in the specimen container. Therefore, the biological specimens such as cells two-
dimensionally distributed in the specimen container can be imaged with good contrast. Further, the illumination light
source may be, for example, a general diffused light source and the illumination light source and the imager need not
be modified. Thus, an increase of imaging cost can be suppressed and an imaging failure caused by improper illumination
can also be avoided.
[0010] Further, another aspect of this invention is directed to a light regulation device with a plate member having a
flat plate shape and including a plurality of through holes penetrating from one principal surface side to another principal
surface side and two-dimensionally and proximately arranged along the one principal surface and a frame which covers
end surfaces of the plate member, the end surfaces being different from the one principal surface and the another
principal surface, wherein each through hole is a light-guiding path having a uniform cross-sectional shape along a
normal direction to the one principal surface, and a side wall surface of the through hole has a light absorbing property.
[0011] Further, another aspect of this invention is directed to a light regulation device with a plate member having a
flat plate shape and including a plurality of through holes penetrating from one principal surface side to another principal
surface side and two-dimensionally and proximately arranged along the one principal surface and a transparent cover
member which covers at least one of the one principal surface and the another principal surface, wherein each through
hole is a light-guiding path having a uniform cross-sectional shape along a normal direction to the one principal surface,
and a side wall surface of the through hole has a light absorbing property.
[0012] These light regulation devices are configured to be applicable to the imaging method described above. Spe-
cifically, by arranging the light regulation device configured as described above between the illumination light source
and the specimen container, biological specimens can be imaged under parallel light illumination without changing
existing imaging apparatus and specimen container at all.
[0013] Out of these, in the configuration including the frame for covering the end surfaces of the plate member, the
plate member can be mechanically protected by the frame. Thus, a member having a low strength can be used as the
plate member. Further, in the configuration including the cover member for covering at least the another principal surface
side of the plate member, the plate member can be protected from damage and dust without impairing optical effects
exhibited by the plate member. This makes the light regulation device easily handled.

[ADVANTAGEOUS EFFECTS OF INVENTION]

[0014] As described above, according to the invention, illumination light having a direction of emitted light regulated
is obtained by using a light regulation device. Thus, imaging can be conveniently performed under parallel light illumination
without requiring an imaging apparatus to have a function of generating parallel light.
[0015] The above and further objects and novel features of the invention will more fully appear from the following
detailed description when the same is read in connection with the accompanying drawing. It is to be expressly understood,
however, that the drawing is for purpose of illustration only and is not intended as a definition of the limits of the invention.

[BRIEF DESCRIPTIPN OF DRAWINGS]

[0016]

[FIG. 1] A diagram showing an example of an imaging apparatus to which an embodiment of an imaging method
according to the invention is applied
[FIG. 2A] A first view illustrating combinations of an imaging object and an illumination light source
[FIG. 2B] A second view illustrating combinations of an imaging object and an illumination light source
[FIG. 2C] A third view illustrating combinations of an imaging object and an illumination light source
[FIG. 3] A perspective view showing the structure of the regulation plate
[FIG. 4A] A first side view in section of the regulation plate
[FIG. 4B] A second side view in section of the regulation plate
[FIG. 5A] A first view showing the action of the perforated panel
[FIG. 5B] A second view showing the action of the perforated panel
[FIG. 5C] A view showing a comparative example of the perforated panel
[FIG. 6A] A view showing a first example of the cross-sectional shape of the through holes
[FIG. 6B] A view showing a second example of the cross-sectional shape of the through holes
[FIG. 6C] A view showing a third example of the cross-sectional shape of the through holes
[FIG. 6D] A view showing a fourth example of the cross-sectional shape of the through holes
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[FIG. 6E] A view showing a fifth example of the cross-sectional shape of the through holes
[FIG. 6F] A view showing a sixth example of the cross-sectional shape of the through holes
[FIG. 7A] A graph for the consideration of a dimensional relationship of the regulation plate
[FIG. 7B] A diagram for the consideration of a dimensional relationship of the regulation plate
[FIG. 8] A table showing an example of effects of the regulation plate

[DESCRIPTION OF EMBODIMENT]

[0017] FIG.1 is a diagram showing an example of an imaging apparatus to which an embodiment of an imaging method
according to the invention is applied. In this embodiment, the imaging apparatus images a biological specimen such as
a cell cultured in liquid poured into recesses called wells W formed on an upper surface of a well plate WP. The imaging
is performed in state that a regulation plate 2 is placed on the upper surface of the well plate WP, and that is one feature
of the invention. In FIG.1, the XY plane is a horizontal surface. The Z axis represents the vertical axis. In more detail,
the (+Z) direction represents the vertically upward direction.
[0018] The well plate WP is generally used in the fields of drug discovery and bioscience. A plurality of wells W having
a substantially circular cross-section and a transparent and flat bottom surface are disposed to the upper surface of a
plate having a flat plate shape. The number of the wells W on the well plate WP is arbitrary. For example, a well plate
WP having 96 (12x8 matrix array) wells can be used. A diameter and a depth of each well W are typically about several
mm. Note that the size of a well plate and the number of wells used in this imaging apparatus 1 are arbitrary without
being limited to these. For example, well plate having 384 wells may be used. Further, the imaging apparatus 1 can be
applied to image the biological specimen not only in the well plate provided with a multitude of wells but also, in a flat
container called a "dish", for example.
[0019] A predetermined amount of liquid as a culture medium M is poured into each well of the well plate WP. Cells
cultured under predetermined culture conditions in this liquid are imaging objects of this imaging apparatus 1. The culture
medium M may be added with appropriate reagents or may be gelled after being poured into the wells W in a liquid
state. In this imaging apparatus 1, for example, a cell or the like cultured on an inner bottom surface of the well can be
an imaging object as described later. About 50 to 200 microliters of the liquid is generally usually used.
[0020] Note that an isolated cell, a cell colony formed by many cells two-dimension ally distributing in the culture
medium, a spheroid (cell cluster) formed by cells gathering three-dimensionally in the culture medium or the like can be
applied as the biological specimen cultured in the culture medium and to be imaged. Further, an imaging biological
specimens such as a bacillus or an organic tissue can be performed by using the imaging apparatus 1. Hereinafter,
these imaging objects are generically called a "cell or the like".
[0021] The imaging apparatus 1 includes a holder 11 which holds the well plate WP carrying sample together with the
culture medium in each well W. The holder 11 holds the well plate WP in a substantially horizontal posture by being held
in contact with a peripheral edge part of the lower surface of the well plate WP. Further, the imaging apparatus 1 includes
an illuminator 12 arranged above the holder 11, an imager 13 arranged below the holder 11 and a controller 14 which
includes a CPU 141 controlling the operation of these components.
[0022] The illuminator 12 emits appropriate diffused light (e.g., white light) toward the well plate WP held by the holder
11. More specifically, for example, a combination of a white LED (light emitting diode) as a light source and a diffusion
plate may be used as the illuminator 12. A light emitting surface on a lower part of the illuminator 12 has a planar size
larger than the upper surface of the well plate WP and is provided to entirely cover an area of the upper surface of the
well plate WP where the wells W are formed. In such a configuration, the cells or the like in each well W provided in the
well plate WP are uniformly illuminated from above by diffused light L1 emitted in various directions from each part of
the lower part of the illuminator 12.
[0023] The imager 13 is provided below the well plate WP held by the holder 11. In the imager 13, an imaging optical
system not shown in the figure is arranged at a position right below the well plate WP. An optical axis of the imaging
optical system extends in a vertical direction (Z direction).
[0024] The imaging of the biological specimen in the well W is performed by the imager 13. Specifically, light emitted
from the illuminator 12 and incident on the surface of the culture medium M from above the well W illuminates the cell
or the like which is the imaging object. Light transmitted downward from the bottom surface of the well W is incident to
a light receiving surface of an imaging element not shown via the imaging optical system. An image of the imaging object
is formed on the light receiving surface of the imaging element by the imaging optical system is imaged by the imaging
element. A CCD sensor or a CMOS sensor can be used as the imaging element. Either a two-dimensional image sensor
or a one-dimensional image sensor can be used.
[0025] The imager 13 is capable of moving in the XYZ directions by a mechanism controller 146 provided in the
controller 14. Specifically, the mechanism controller 146 moves the imager 13 in the X direction and the Y direction
based on a control command from the CPU 141. By doing so, the imager 13 moves relative to the well W in the horizontal
direction. Further, focusing is performed by moving the imager 13 in the Z direction. When imaging is performed with
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the imaging object in a well W, the mechanism controller 146 positions the imager 13 in the horizontal direction such
that the optical axis of the imaging optical system coincides with the center of the well W. When the imaging element of
the imager 13 is a one-dimensional image sensor, a two-dimensional image can be obtained by scanning the imager
13 to an orthogonal direction to a longitudinal direction of the image sensor. By imaging in this manner, imaging can be
performed in a non-contact, non-destructive and non-invasive manner with the spheroid as the imaging object, thereby
damage to the cell or the like caused by imaging can be suppressed.
[0026] The image signal output from the imaging device of the imager 13 is send to the controller 14. Specifically, the
image signal is input to an AD converter (A/D) 143 provided in the controller 14 and converted into digital image data.
The CPU 141 performs appropriate image processings based on the received image data. The controller 14 further
includes an image memory 144 for storing image data and a memory 145 for storing programs to be executed by the
CPU 141 and data generated by the CPU 141, but these may be integrated. The CPU 141 performs variable calculation
processings described later by executing a control program stored in the memory 145.
[0027] Besides, the controller 14 is provided with an interface (I/F) 142. The interface 142 has a function of performing
data exchange with an external apparatus connected via a communication line besides a function of receiving an operation
input from a user and presenting information such as processing results to the user. Note that the controller 14 may be
an exclusive device including above hardware or may be a general-purpose processing device such as a personal
computer or a workstation installed with the control program for performing the process described above. Specifically,
a general-purpose computer apparatus may be used as the controller 14 of the imaging apparatus 1. When a general-
purpose processing device is used as the controller 14, the imaging apparatus 1 may have just a minimal control function
for controlling each components of the imager 13.
[0028] FIGS. 2A, 2B and 2C are views illustrating combinations of an imaging object and an illumination light source.
FIG. 2A shows a case where the imaging object in the well W is, for example, a spheroid S having a three-dimensional
shape in the culture medium M. In this case, a wide range of the surface of the spheroid S is effectively illuminated by
the incidence of the diffused light L1 emitted from the illumination unit 12. Thus, it is possible to image an image with
good contrast.
[0029] On the other hand, FIG. 2B shows a case where the imaging object is cells (or cell colony) C two-dimensionally
and thinly spreading in the culture medium M along an inner bottom surface Wb of the well W. In this case, since the
cells themselves are close to transparent, it is difficult to obtain high contrast. A phenomenon in which a direction of
emitted light changes due to peripheral edge parts of the cells C acting as if they were lenses is known. Under illumination
by diffused light, it is difficult to selectively detect such light. In such a case, illumination light L2 close to parallel light as
shown in FIG. 2C is more preferable. Since the illumination light L2 is refracted by the peripheral edge parts of the cells
C, the peripheral edge parts of the cells C have a lower luminance than other areas in an imaged image and the contours
of the cells C more clearly appear.
[0030] Besides the purpose of observing the surfaces and inner textures of the cells or the like in detail, imaging may
be performed for the purpose of automatically measuring the sizes or number of cells distributed in the well W at a high
speed. Particularly in such a use, an image in which contour parts of the cells or the like are expressed at a luminance
clearly different from that of surrounding background parts is useful.
[0031] As just described, the illumination means needs to be used according to an imaging object and the purpose of
imaging. Thus, the imaging apparatus 1 is desirably such that illumination light to be emitted from the illumination unit
12 can be switched between diffused light and parallel light according to the imaging object. However, it leads to the
enlargement/complication of the apparatus configuration and causes an increase of imaging cost to provide two types
of light sources in the imaging apparatus 1 or provide a mechanism for generating parallel light from diffused light in a
pseudo manner. Further, as a result of using illumination unstable for matching with an imaging object, a failure unable
to obtain desired image quality may be possibly caused.
[0032] Accordingly, in the imaging method according to this invention, only the illumination unit 12 for emitting diffused
light is provided in the imaging apparatus 1. If parallel light is necessary as illumination light, a regulation plate 2 to be
described next is placed atop the well plate WP. This causes the illumination light L2, which is substantially parallel light,
to be incident on the imaging objects in the wells W. Specifically, the regulation plate 2 has a function of causing light
components having an incident angle equal to or smaller than a predetermined angle on the upper surface, out of the
diffused light emitted from the illumination unit 12, to pass to a lower surface side and, on the other hand, absorbing
light components having an incident angle larger than the predetermined angle to regulate the passage thereof to the
lower surface side. Substantially parallel light having a traveling direction regulated, more specifically having the traveling
direction inclined at the predetermined angle or smaller with respect to the imaging direction (Z direction) of the imaging
unit 13 is emitted from the lower surface of the regulation plate 2 and incident on each well W.
[0033] FIG. 3 is a perspective view showing the structure of the regulation plate. Further, FIGS. 4A and 4B are side
views in section of the regulation plate. More specifically, FIG. 4A is an exploded schematic when a cross-section of the
regulation plate 2 is viewed in a section A of FIG. 3, and FIG. 4B is a sectional view showing a state where the regulation
plate 2 is placed on the well plate WP.
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[0034] A main part of the regulation plate 2 is a perforated panel 21 having a planar size to entirely cover an area Rw
of the upper surface of the well plate WP where the wells W are arranged. The perforated panel 21 has a flat plate-like
outer shape in which both principal surfaces 21a, 21b are parallel. A multitude of through holes 21c penetrating from
the side of one principal surface 21a toward the side of the other principal surface 21b perpendicularly to these principal
surfaces, i.e. in a direction parallel to normals to these principal surfaces are provided. The through holes 21c are arrayed
two-dimensionally and regularly in directions along the principal surfaces. A partially enlarged view of the one principal
surface 21a of the perforated panel 21 is shown in a right-upper circle of FIG. 3. As shown in this partially enlarged view,
each through hole 21c has a hexagonal cross-section and the perforated panel 21 has a so-called honeycomb structure.
Such a structure is light in weight and high in strength.
[0035] Note that, in the following description, the one principal surface 21a on an upper side facing the illumination
unit 12 when the regulation plate 2 is placed on the well plate WP, out of the both principal surfaces 21a, 21b of the
perforated panel 21, is referred to as an "upper surface" and the other principal surface 21b on a lower side facing the
upper surface of the well plate WP is referred to as a "lower surface" in some cases. The regulation plate 21 itself is
structured to be undistinguishable on front and back sides as described below, and functions in the same way even if
being turned upside down.
[0036] The perforated panel 21 is housed in a frame 22 having a rectangular outer shape and provided with a rectangular
opening, and side surfaces of the perforated panel 21 are protected by the frame 22. Further, cover members 23, 23
formed of a transparent material such as acrylic resin, in the form of thin plates and having the same shape are fitted
into the frame 22 to sandwich the perforated panel 21. The upper surface 21a and the lower surface 21b of the perforated
panel 21 are protected by being covered by these cover members 23, 23. Note that the cover member may be provided
only on either one of the upper surface 21a and the lower surface 21b of the perforated panel 21.
[0037] As just described, the upper and lower surfaces 21a, 21b of the perforated panel 21 are protected by the cover
members 23, 23 and the side surfaces of the perforated panel 21 are protected by the frame 22. Due to such a structure,
the perforated panel 21 itself is not required to have large mechanical strength. Thus, a honeycomb panel structured by
overlapping a multitude of strip-like metal foils (e.g. aluminum foils), partially joining those metal foils and spreading the
joined assembly in an overlapping direction can be, for example, used as the perforated panel 21. In this case, a width
of the strip-like metal foils becomes a depth of the through holes 21c, Honeycomb panels having such a structure come
in various sizes and are already commercialized.
[0038] The regulation plate 2 structured by combining the respective members described above is placed on the well
plate WP in a horizontal orientation in a state where the upper surface 21a of the perforated panel 21 is facing upward
with the lower surface of the lower cover member 23 held in contact with the upper surface of the well plate WP as
shown in FIG. 4B. Thus, an axial direction of each through hole 21c provided in the perforated panel 21 is the vertical
direction (Z direction).
[0039] The regulation plate 2 needs to be placed such that the entire area Rw of the upper surface of the well plate
WP where the wells W are arranged is covered by the perforated panel 21. For this purpose, engaging parts for positioning
the regulation plate 2 by being engaged with the well plate WP may be provided between the regulation plate 2 and the
well plate WP at least on the lower surface side of the regulation plate 2. It is not necessary to distinguish upper and
lower sides of the regulation plate 2 if the engaging parts are provided on both the upper and lower surface sides of the
regulation plate 2.
[0040] FIGS. 5A, 5B and 5C are views showing the action of the perforated panel. As described above, the perforated
panel 21 includes the multitude of through holes 21c penetrating from the one principal surface (upper surface) 21a to
the other principal surface (lower surface) 21b substantially perpendicularly to the both principal surfaces. A cross-
sectional shape of each through hole 21c is constant in the axial direction (Z direction) of the through hole from the one
principal surface toward the other principal surface. Focusing on the action of the individual through hole 21c, the diffused
light L1 having components La, Lb and Lc in various directions is incident on the through hole 21c from the illumination
unit 12 arranged to face the upper surface 21a as shown in FIG. 5A.
[0041] The light component La having a small incident angle and incident in parallel to or at a very small angle to the
axial direction (Z direction) of the through hole 21c shown by dashed-dotted line propagates straight in the through hole
21c and is emitted downward or substantially downward from an opening on the side of the lower surface 21b. On the
other hand, the light component Lc having a sufficiently large incident angle is incident on the inner wall surface of the
through hole 21c from an opening of the through hole 21c on the side of the upper surface 21a.
[0042] To remove light components having such large incident angles, the inner wall surfaces of the through holes
21c are blackened or painted in black in the perforated panel 21. Thus, the inner wall surfaces of the through holes 21c
have a light absorbing property and reflectance on the wall surfaces is very low. Therefore, light incident at a large
incident angle on the through hole 21c is absorbed by the inner wall surface and almost no light is emitted from the
opening on the side of the lower surface 21b.
[0043] An incident angle θ of the light component Lb inclined most, out of the light components incident on the through
hole 21c from the side of the upper surface 21a and emitted from the side of the lower surface 21b without being absorbed
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by the side wall surface, is dependent on an opening width D and an axial length (i.e. thickness of the perforated panel
21) L of the through hole 21c. As is clear from FIG. 5A, the angle θ is expressed by the following equation: 

Specifically, by appropriately selecting the opening width D and axial length L of the through hole 21c, the maximum
incident angle θ of light emitted from the lower surface of the regulation plate 2 without being absorbed in the through
holes 21c can be adjusted.
[0044] The light emitted from the lower surface 21b of the perforated panel 21 includes only components whose angle
of inclination to the Z direction, which is the axial direction of the through holes 21c, i.e. the vertical direction is equal to
or smaller than the above angle θ. By setting the opening width D of the through holes 21c sufficiently small and setting
the axial length L sufficiently large, the regulation plate 2 can illuminate the well plate WP by generating the substantially
parallel illumination light L2 from the diffused light L1 irradiated from the illumination unit 12. A right side of (Equation 1)
represents a round number of an NA (numerical aperture) of an illumination system including the illumination unit 12
and the regulation plate 2. More strictly, the NA is expressed by the following equation: 

and can be approximately expressed as (D/L) if L»D. As just described, the NA of the emitted light can be controlled by
setting the opening width D and axial length L of the through holes 21c.
[0045] Note that examples of using a honeycomb structure for the purpose of controlling a traveling direction of light
are conventionally known. For example, in a general imaging technology, an illumination range is limited by arranging
a device called a "honeycomb grid" on the front surface of an illumination light source. Such a device is for concentrating
illumination light emitted at a wide angle in a narrower range. Thus, inner wall surfaces of through holes are reflective
so that light power can be effectively utilized. Therefore, as shown as a comparative example in FIG. 5C, light L3 incident
at a relatively large incident angle on an opening on one principal surface side of a through hole G1 of a honeycomb
grid G is reflected inside the through hole and emitted from an opening on the other principal surface side. Specifically,
the regulation plate 2 for generating substantially parallel light by removing light components not parallel to the imaging
direction from the diffused light is different in purpose from such a device.
[0046] FIGS. 6A, 6B, 6C, 6D, 6E and 6F are views showing various examples of the cross-sectional shape of the
through holes. The perforated panel 21 described above is a honeycomb panel and the cross-section and the opening
shape of each through hole 21c are hexagonal as shown in FIG. 6A. In this case, the cross-section needs not be
hexagonal, but the through holes 21c having the same shape can be closely arranged by being formed into a hexagonal
shape in which facing sides are parallel. Since light incident on the upper surfaces of partition wall parts partitioning
between adjacent through holes 21c becomes loss without passing to the lower surface side, partition walls are preferably
as thin as possible. Also from this point, a honeycomb structure formed of strip-like foils can be said to be preferable.
[0047] Besides this, strip-like members may be combined into a lattice, for example, as shown in FIG. 6B and through
holes 21d having a rectangular cross-section may be formed. Further, strip-like members may be combined at three
different angles as shown in FIG. 6C and through holes 21e having a triangular cross-section may be formed. Further,
flat strip-like members and periodically wavy strip-like members may be combined and through holes 21f shaped as
shown in FIG. 6D may be formed. Further, periodically wavy strip-like members may be combined in opposite phases
and through holes 21g shaped as shown in FIG. 6E may be formed. In this way, perforated panels having through holes
having various cross-sectional shapes can be used. The perforated panels having the cross-sectional shapes of the
through holes described above are thought to be relatively easily industrially produced.
[0048] Specifically, by employing such a structure that a multitude of strip-like members having a width equal to a
length of through holes are locally joined between adjacent ones of the strip-like members and separated in parts other
than the joined parts, a multitude of through holes in which surfaces of the strip-like members serve as side wall surfaces
can be realized. For example, by forming a structure by overlapping strip-like members aligned at positions in a width
direction in a thickness direction and locally joining adjacent ones of the strip-like members at a plurality of positions
and spreading this structure in the thickness direction of the strip-like members, structures as shown in FIGS. 6A and
6E can be realized.
[0049] Further, a perforated panel structured by perforating a multitude of through holes 21h in a flat plate-like member
as shown in FIG. 6F may be employed. In this case, an interval between adjacent ones of the through holes 21h is
desirably as small as possible to suppress light loss. Specifically, a ratio (opening ratio) of an opening area to a surface
area of the perforated panel is desirably as close to 100 % as possible.
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[0050] Note that in applying the opening width D to (Equation 1), if the through hole has a circular cross-sectional
shape, a diameter of this circle can be set as the opening width D. On the other hand, if the cross-sectional shape is not
circular, a length of a longest line segment drawn in the opening (e.g. diagonal in the case of a rectangular shape) can
be regarded as the opening width D that gives a maximum illumination angle of illumination.
[0051] Further, even if the cross-sectional shape and the cross-sectional size are not the same among the plurality of
through holes, the effect of regulating the direction of the illumination light described above can be expected to some
extent. However, the cross-sectional shapes and sizes of the respective through holes are more preferably the same to
cause the illumination light to be uniformly incident on each part of the wells W.
[0052] FIGS. 7A and 7B are a graph and a diagram for the consideration of a dimensional relationship of the regulation
plate. More specifically, FIG. 7A is a graph showing a relationship between the NA of the illumination system and image
contrast when thin cells are imaged. Further, FIG. 7B is a diagram showing a preferred dimensional relationship of each
part of the regulation plate. When the two-dimensionally spreading thin cells C are an imaging object as shown in FIG.
2B, obtained contrast is low if an inverse of the NA of the illumination system (1/NA) is small as shown in FIG. 7A.
Although contrast increases if the inverse of the NA (1/NA) increases, a contrast increase is finally saturated.
[0053] From this, under illumination by diffused light having a large NA, high contrast cannot be obtained and illumination
by light close to parallel light is required, but parallel light having extremely high accuracy is not required. As shown in
FIG. 7A, it is realistic to set the dimensions of each part of the regulation plate 2 such that a corresponding NA is obtained
at a point Q where the contrast increase slows down. Alternatively, such a dimensional relationship as to give an NA
corresponding to a required contrast value may be employed.
[0054] FIG. 7B shows a dimensional relationship necessary to obtain a uniform illumination condition in the well W.
Here is described a method for obtaining such a relationship that an illuminance distribution is constant on the inner
bottom surface Wb of the well W to which the cells or the like adhere. As shown by dotted line in FIG. 7B, light components
whose incident angle on the upper surface 21a of the perforated panel 21 is equal to or smaller than the predetermined
angle θ, out of the light emitted from the illumination unit 12, are incident on the well inner bottom surface Wb. A light
quantity distribution of light passing through one through hole 21c has a bell-shaped distribution centered on a center
axis (shown by dashed-dotted line) of this through hole 21c. By partial overlapping of light quantity distributions by a
plurality of proximately arranged through holes 21c, the illuminance distribution obtained by combining those light quantity
distributions approximates to a uniform illuminance distribution.
[0055] Reference sign T denotes a distance from the lower surface 21b of the perforated panel 21 to the well inner
bottom surface Wb on which the cells or the like are present. If the regulation plate 2 is placed on the well plate WP, the
distance T is equivalent to the sum of a depth of the wells W and a thickness of the cover member 23 on the lower side.
In the absence of the cover member on the lower side, the distance T is equal to the depth of the wells W. If this distance
T is short or the NA of the illumination system (≈ D/L) is small, the overlap of the light quantity distributions is small
between proximate through holes 21c and the uniformity of the illuminance distribution is impaired.
[0056] For example, if a light quantity distribution of light emitted from the individual through hole 21c is twice an
arrangement pitch P between the through holes 21c or larger, the illuminance distribution by the overlap of the light
quantity distributions can be made substantially uniform. A condition for this can be expressed by the following equation
from FIG. 7B:

A longest distance between the centers of one through hole and the other through hole, out of the through holes adjacent
to the one through hole, serves as the arrangement pitch P in (Equation 3). In the hexagonal through holes 21c, distances
between the centers of the one through hole and six hexagons adjacent to the one through hole are equal, and this
distance is the arrangement pitch P. Further, in the rectangular through holes 21c, a longest distance between one
rectangle and the other rectangle having a vertex in contact with the one rectangle and located at a diagonal position,
out of eight rectangles surrounding the one rectangle, is the arrangement pitch P. An opening width in a direction parallel
to a line segment connecting the centers of those (i.e. direction of a diagonal) is the opening width D in (Equation 3).
[0057] For example, if the thickness L of the perforated panel 21 is 7 mm and the distance T to the well inner bottom
surfaces Wb is 10 mm, the opening width D of the through holes 21c may be set at 0.7 mm and the arrangement pitch
P thereof may be set at 1.35 mm or smaller if it is attempted to obtain image contrast equivalent to an NA = 0.1. In other
words, by using the regulation plate 2 having such a dimensional relationship, an image having a contrast equivalent to
an NA = 0.1 can be imaged using a diffused light source having a larger NA. If a plurality of types of regulation plates
different in the dimensions of each part are prepared, an appropriate regulation plate can be selected and used according
to a use application.
[0058] Further, if it is desired to change the NA of illumination viewed from the imaging object side using the existing
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regulation plate 2, a distance between the regulation plate 2 and the well plate WP may be adjusted. As just described,
by configuring the regulation plate 2 as a small-size, light-weight and portable member without configuring it as a
constituent component of the imaging apparatus 1, an image with good image quality can be obtained by adjusting the
NA of illumination by a simple configuration.
[0059] FIG. 8 is a table showing an example of effects of the regulation plate. The inventor verified differences between
images due to the presence or absence of the regulation plate 2 by imaging the same thinly distributing biological
specimens such as cells on the inner bottom surface of the well W using the imaging apparatus 1 having a diffused light
source as the illumination unit 12. In FIG. 8, two images in an upper row are images obtained by imaging the entire well
W, and two images in a lower row are partially enlarged views. Further, two images in a left column are images imaged
without using the regulation plate 2, and two images in a right column are images imaged with the regulation plate 2
placed on the well plate WP.
[0060] The regulation plate 2 used in an experiment uses a honeycomb panel having a cell size (dimension Sc shown
in FIG. 6A) of 0.7 mm and a thickness of 7 mm as the perforated panel 21.
[0061] As understood from FIG. 8, there is little contrasting density difference between parts where the cells or the
like are present and a background part and the contours of the cells or the like are unclear in the image imaged without
using the regulation plate 2. In contrast, the brightness of the entire image is slightly reduced, but a contrasting density
difference between parts corresponding to the cells or the like and the background part is more notable in the image
imaged using the regulation plate 2. From this, it is understood that the latter image is suitable in measuring the number,
sizes, positions and the like of the cells or the like.
[0062] As described above, in the imaging method of this embodiment using the imaging apparatus 1 including the
diffused light source as the illumination light source, imaging is performed with the regulation plate 2 for regulating the
direction of passing light arranged between the illumination unit 12 and the well plate WP carrying biological specimens.
The regulation plate 2 needs not be a constituent component of the imaging apparatus 1 and is configured as a small
and light independent member having about the same size as the well plate WP. The regulation plate 2 has a function
of causing only substantially parallel light components, out of incident diffused light, to selectively pass therethrough.
Only by placing the regulation plate 2 on the well plate WP, illumination light close to parallel light for obtaining necessary
contrast can be obtained. Thus, imaging can be performed under parallel light illumination by a simple configuration
without adding a new configuration to the apparatus.
[0063] Further, the regulation plate 2 is not attached to the imaging apparatus 1 and is carried into and out of the
imaging apparatus 1 similarly to the well plate WP. Thus, an imaging failure due to erroneous application of the regulation
plate 2 to specimens not requiring the regulation plate 2 is avoided.
[0064] As described above, in the above embodiment, the regulation plate 2 corresponds to a "light regulation device"
of the invention and the perforated panel 21 functions as a "plate member" of the invention. Further, a space in a hollow
part enclosed by the side wall surface of the through hole 21 corresponds to a "light-guiding path" of the invention.
Further, the frame 22 corresponds to a "frame" of the invention and the cover member 23 corresponds to a "cover
member" of the invention. Further, in the imaging apparatus 1 described above, the illuminator 12 and the imager 13
respectively function as an "illumination light source" and an "imager" of the invention. Further, in the above embodiment,
the well plate WP corresponds to a "specimen container" of the invention.
[0065] Note that the invention is not limited to the above embodiment and various changes other than those described
above can be made without departing from the gist of the invention. For example, in the regulation plate 2 described
above, the perforated panel 21 is housed in a space enclosed by the frame 22 and the cover members 23, 23 to protect
the perforated panel 21 from breakage, the entrance of dust and the like. However, the frame 22 and the cover members
23 are not necessarily essential components for the function of controlling the illumination.
[0066] For example, in the above embodiment, the hollow insides of the through holes can be filled with a material
transparent to illumination light (e.g. acrylic resin or polycarbonate resin). In such a configuration, the perforated panel
itself can have sufficient strength since the through holes become solid, and the either one or both of the frame and the
cover members can be omitted.
[0067] Further, the honeycomb panel formed of metal foils is used as the perforated panel 21 in the above embodiment.
However, the material of the perforated panel is not limited to this. For example, a honeycomb panel formed using paper
or aramid resin as a raw material can be used. Even in this case, light reflectance on the surface of the raw material is
preferably suppressed to be small, for example, by painting or dyeing in black.
[0068] Further, it is assumed that the regulation plate 2 of the above embodiment is placed atop the well plate WP.
However, a spacer member to be sandwiched between the regulation plate 2 and the well plate WP may be separately
prepared to adjust a distance from the regulation plate to the well inner bottom surfaces. In such a configuration, the NA
of the illumination system can be changed within a predetermined range by using the spacer member and image quality
can be finely adjusted.
[0069] As the specific embodiment has been illustrated and described above, the light regulation device may be so
configured as to pass light incident on the one principal surface at an incident angle equal to or smaller than an angle
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θ, thereby causing the light to be incident on the specimen container and block the light incident at an angle larger than
the angle θ. The angle θ satisfies a relationship of a following equation:

where D denotes a maximum opening width in a cross-section of the light-guiding path and L denotes a length of the
light-guiding path in the normal direction. According to such a configuration, the range of the incident angle of the light
incident on the specimen container can be arbitrarily regulated by adjusting the opening width and length of the conductive
paths.
[0070] Further, in the imaging method according to the invention, the light regulation device may be, for example,
placed on the upper surface of the specimen container. In such a configuration, it is not necessary to separately provide
a member and a mechanism for holding the light regulation device and easily determine a distance from the through
holes to biological specimens serving as an imaging object. Further, by arranging the light regulation device at a position
distant from the illumination light source and close to the biological specimens, it can be suppressed that the light emitted
from the through holes comes to have properties as diffused light again such as due to reflection in the container.
[0071] Further, for example, the plurality of through holes may be arranged at a constant pitch P and a following
equation may be satisfied: 

where D denotes a maximum opening width in a cross-section of the light-guiding path, L denotes a length of the light-
guiding path in the normal direction and T denotes a distance from the another principal surface of the light regulation
device to an inner bottom surface of the specimen container. In such a configuration, distributions of the light emitted
from the proximately arranged through holes overlap each other, whereby an illumination condition close to uniform
illumination can be realized.
[0072] Further, the illumination light source may be, for example, configured to emit diffused light downward. A diffused
light source has a relatively simple configuration and can be realized at low cost as an illumination light source in an
apparatus for imaging biological specimens, and the light regulation device of the invention can generate substantially
parallel illumination light from the diffused light by a simple configuration. By combining these, it is possible to obtain an
image of desired quality while suppressing imaging cost.
[0073] Further, for example, the plate member may include a plurality of strip members having a width equal to the
length of the through holes in the normal direction, and the plurality of strip members may be partially joined and separated
from each other in parts other than joined parts, whereby the through holes are formed. For example, a technology for
manufacturing a flat plate-like member having an opening shape as described above by spreading an assembly of a
plurality of strip-like members having a width equal to a length of through holes and partially joined in a lamination
direction of the strip-like members has been put to practical use and this can be utilized.
[0074] Further, for example, the respective cross-sectional shapes of the plurality of through holes may be the same.
In such a configuration, light passing through each through hole is uniform among the through holes, wherefore a uniform
illuminance distribution is easily obtained.
[0075] Further, the cross-sectional shape of the through hole is arbitrary. However, if the cross-sectional shape is a
polygonal shape, particularly a hexagonal shape having parallel facing sides, manufacturing cost can be suppressed to
be low due to easy industrial production.
[0076] The strip members in this case can be, for example, metal foils having surfaces blackened. By blackening the
surfaces, light reflection on the side wall surfaces of the through holes can be suppressed and it can be suppressed that
the light incident at a large incident angle on the one principal surface side passes through the through holes and is
emitted from the other principal surface side.
[0077] Further, for example, the insides of the through holes may be filled with a transparent solid. In such a config-
uration, since the insides of the through holes are solid, mechanical damage and clogging caused by opaque dust and
the like can be prevented and the light regulation device is more easily handled.
[0078] Although the invention has been described with reference to specific embodiments, this description is not meant
to be construed in a limiting sense. Various modifications of the disclosed embodiment, as well as other embodiments
of the present invention, will become apparent to persons skilled in the art upon reference to the description of the
invention. It is therefore contemplated that the appended claims will cover any such modifications or embodiments as
fall within the true scope of the invention.
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[INDUSTRIAL APPLICABILITY]

[0079] The invention is suitable in the case of imaging specimens, for which sufficient contrast cannot be obtained
under diffused light illumination, such as cells or cell colonies two-dimensionally cultured in a culture medium using an
imaging apparatus including a diffused light source as illumination light.

[Reference Signs List]

[0080]

1 imaging apparatus
2 regulation plate (light regulation device)
12 illuminator (illumination light source)
13 imager
21 perforated panel (plate member)
21a one principal surface (of the perforated panel)
21b another principal surface (of the perforated panel)
21c through hole
22 frame
23 cover member
W well
WP well plate

Claims

1. An imaging method, comprising:

supporting horizontally a specimen container carrying biological specimens;
arranging an illumination light source above the specimen container, a light regulation device between the
illumination light source and the specimen container and an imager below the specimen container; and
imaging the biological specimens by causing light from the illumination light source to be incident on the biological
specimens via the light regulation device and receiving light transmitted downward from the specimen container
by the imager, wherein:

the light regulation device includes a plate member in a form of a flat plate placeable on the specimen
container;
a plurality of through holes penetrating from one principal surface side to another principal surface side of
the plate member are two-dimensionally and proximately arranged along the one principal surface of the
plate member;
each through hole is a light-guiding path having a uniform cross-sectional shape along a normal direction
to the one principal surface; and
a side wall surface of each through hole has a light absorbing property.

2. The imaging method according to claim 1, wherein
the light regulation device passes light incident on the one principal surface at an incident angle equal to or smaller
than an angle θ, thereby causes the light to be incident on the specimen container, and blocks the light incident at
an angle larger than the angle θ,
the angle θ satisfying a relationship of a following equation: 

where D denotes a maximum opening width in a cross-section of the light-guiding path and L denotes a length of
the light-guiding path in the normal direction.

3. The imaging method according to claim 1 or 2, wherein the light regulation device is placed on an upper surface of
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the specimen container.

4. The imaging method according to any one of claims 1 through 3, wherein the plurality of through holes are arranged
at a constant pitch P and a following equation is satisfied: 

where D denotes a maximum opening width in a cross-section of the light-guiding path, L denotes a length of the
light-guiding path in the normal direction and T denotes a distance from the another principal surface of the light
regulation device to an inner bottom surface of the specimen container.

5. The imaging method according to any one of claims 1 through 4, wherein the illumination light source emits diffused
light downward.

6. A light regulation device, comprising:

a plate member having a flat plate shape and including a plurality of through holes penetrating from one principal
surface side to another principal surface side and two-dimensionally and proximately arranged along the one
principal surface; and
a frame which covers end surfaces of the plate member, the end surfaces being different from the one principal
surface and the another principal surface, wherein
each through hole is a light-guiding path having a uniform cross-sectional shape along a normal direction to the
one principal surface, and a side wall surface of the through hole has a light absorbing property.

7. A light regulation device, comprising:

a plate member having a flat plate shape and including a plurality of through holes penetrating from one principal
surface side to another principal surface side and two-dimensionally and proximately arranged along the one
principal surface; and
a transparent cover member which covers at least one of the one principal surface and the another principal
surface, wherein
each through hole is a light-guiding path having a uniform cross-sectional shape along a normal direction to the
one principal surface, and a side wall surface of the through hole has a light absorbing property.

8. The light regulation device according to claim 6 or 7, wherein
the plate member passes light incident on the one principal surface at an incident angle equal to or smaller than an
angle θ and blocks the light incident at an angle larger than the angle θ,
the angle θ satisfying a relationship of a following equation: 

where D denotes a maximum opening width in a cross-section of the light-guiding path and L denotes a length of
the light-guiding path in the normal direction.

9. The light regulation device according to any one of claims 6 through 8, wherein the plate member includes a plurality
of strip members having a width equal to the length of the through holes in the normal direction, and the plurality of
strip members are partially joined and separated from each other in parts other than joined parts, whereby form the
through holes.

10.  The light regulation device according to claim 9, wherein the strip members are metal foils having surfaces blackened.

11. The light regulation device according to any one of claims 6 through 10, wherein the respective cross-sectional
shapes of the plurality of through holes are same.

12. The light regulation device according to claim 11, wherein the cross-sectional shape of the through hole is a polygonal
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shape.

13. The light regulation device according to claim 12, wherein the cross-sectional shape of the through hole is a hexagonal
shape having parallel facing sides.

14. The light regulation device according to any one of claims 6 through 13, wherein insides of the through holes are
filled with a transparent solid.
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