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(54) Title: MICROSCOPE SYSTEM, SERVER, AND PROGRAM

FIG. 1

(57) Abstract: A microscope system (100) includes a microscope (30~80)

80 for observing a test object and a computer (20) connected to the microscope.

100 [

The microscope (30~80) includes an illuminating optical system (40) that il-
luminates the test object under predetermined illumination conditions, an
imaging optical system (70) that forms an image of the test object, and an
image sensor (80) that outputs an image signal. The computer (20) includes

/\/\ an image analyzing unit (202) that acquires an image feature amount of the

ol

test object on the basis of the image signal detected by the image sensor, a
comparison unit (205) that compares the image feature amount of the test
object with image feature amounts of a plurality of sample test objects and
specifies an image feature amount of a sample test object closest to the im-
age feature amount of the test object, and a setting unit (212) that sets illu-
mination conditions of the illuminating optical system on the basis of an il-
lumination state suitable for observation of a sample test object having the
image feature amount specified by the comparison unit.
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1
DESCRIPTION

MICROSCOPE SYSTEM, SERVER, AND PROGRAM

5 BACKGROUND

[0001]

The present invention relates to a microscope system, a server, and a program
which can derive and form an intensity distribution of illumination light suitable for
observation.

10 Priority is claimed on Japanese Patent Application No. 2011-087822, filed April
12, 2011, the contents of which are incorporated herein by reference.

[0002]

In bright-field microscopes, an intensity distribution of illumination light is
adjusted by varying a circular aperture. In éddition, there are cases where the shape of

15  the aperture is selected and used through determination of an observer. In
phase-contrast microscopes, a ring (orbicular) aperture and a phase ring form the
intensity distribution of illumination light.

[0003]

Since the intensity distribution of illumination light has a great influence on an

20  observed image of a test object, studies into the improvement in quality of the observed
image of a test object have been made in addition to improvement of the circular aperture,
the ring aperture; the phase ring, and the like. For example, Japanese Unexamined
Patent Application Publication No. 2009-237109 shows a phase-contrast microscope in
which a modulation unit is provided so as to surround a ring region where a phase ring is

25  provided in a ring shape, and the modulation unit and regions other than the modulation
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unit are formed so as to have different transmission axes, and thereby contrast can be

continuously variable.

SUMMARY

[0004]

However, in the above-mentioned bright-field microscopes or the phase-contrast
microscopes, the shape of the aperture is determined to a certain extent and the
adjustment of the intensity distribution of illumination light is limited thereto. When
the shape of the aperture is selected, the selection is made on the basis of an observer’s
determination or experience. Accordingly, it cannot be said that the aperture necessarily
has a shape sufficient to observe an object image under observation in the best state. On
the other hand, when it is allowed to arbitrarily select the shape of the aperture, it is
difficult for an observer to select the shape of the aperture most suitable for a test object.

Aspects of the invention provide a microscope system, a server, and a program
that can acquire an intensity distribution of illumination light suitable for a test object so
as to observe the test object.

[0005]

According to a first aspect of the invention, there is provided a microscope
system including an optical microscope for observing a test object and a computer
connected to the microscope. The microscope includes an illuminating optical system
that illuminates the test object with illumination light from a light source under
predetermined illumination conditions, an imaging optical system that forms an image of
the test object on the basis of light from the test object, and an image sensor that detects
the image of the test object formed by the imaging optical system and outputs an image

signal. The computer includes an image analyzing unit that acquires an image feature
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amount of the test object on the basis of the image signal detected by the image sensor, a
comparison unit that compares the image feature amount of the test object with image
feature amounts of a plurality of sample test objects and specifies an image feature
amount of a sample test object closest to the image feature amount of the test object, and
a setting unit that sets illumination conditions of the illuminating optical system on the
basis of an illumination state suitable for observation of a sample test object having the
image feature amount specified by the comparison unit.

[0006]

According to a second aspect of the invention, there is provided a server
including: a second receiver unit that receives the image feature amount of the test object
from the microscope system according to the first aspect; a second comparison unit that
compares the image feature amount of the test object received by the second receiver unit
with the image feature amounts of a plurality of sample test objects and specifies an
image feature amount of the sample test object Which is closest to the image feature
amount of the test object; a second setting unit that sets the illumination conditions of the
illuminating optical system on the basis of an illuminatibn state suitable for observation
of the sample test object having the image feature amount specified by the second
comparison unit; and a second transmitter unit that transmits the illumination conditions
of the illuminating optical system set by the second setting unit to the microscope
system.

[0007]

According to a third aspect of the invention, there is provided a program used in
a microscope system including a microscope including an illuminating optical system

that illuminates the test object with illumination light from a light source under

"predetermined illumination conditions, an imaging optical system that forms an image of
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the test object on the basis of light from the test object, and an image sensor that detects
the image of the test object formed by the imaging optical system and outputs an image
signal and a computer connected to the microscope. The program causes the computer |
to perform: image analysis of acquiring an image feature amount of the test object on the
basis of the image signal detected by the image sensor; comparison of comparing the
image feature amount of the test object with image feature amounts ofa plurality of
sample test objects; specification of specifying the image feature amount of the sample
test object closest to the image feature amount of the test object; and setting of setting
illumination conditions of the illuminating optical system on the basis of an illumination
state suitable for observation of the sample test object having the image feature amount
specified by the comparison unit.

[0008]

According to aspects of the invention, it is possible to provide a microscope
system, a server, and a program which can set illumination conditions suitable for

observing an object image under observation in an excellent state.

BRIEF DESCRITION OF THE DRAWINGS

[0009]

FIG. 1 is a diagram schematically illustrating the configuration of a microscope
system in the first embodiment.

FIG. 2 is a diagram schematically illustrating the configuration of a calculation
unit in the first embodiment.

FIG. 3 is a conceptual diagram illustrating a spatial frequency component and
the like stored in a storage unit in the first embodiment.

FIG. 4 is an example of a flowchart illustrating the operation flow of the
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microscope system in the first embodiment.
FIG. 5A is a diagram schematically illustrating the configuration of a microscope
system in the second embodiment.
FIG. 5B is a plan view of a first spatial light modulating device in the second
5 embodiment.
FIG. 5C is a plan view of a second spatial light modulating device in the second
embodiment.
FIG. 6 is a diagram schematically illustrating the configuration of a calculation
unit in the second embodiment.
10 FIG. 7 is a conceptual diagram illustrating a spatial frequency component and
the like stored in a storage unit in the second embodiment.
FIG. 8 is an example of a flowchart illustrating the operation flow of the
microscope system in the second embodiment.
.FIG. 9 is a flowchart using a hill-climbing method.
15 FIG. 10 is a flowchart using a genetic algorithm.
FIG. 11 is a diagram schematically illustrating the centralized management of a

spatial frequency component using a server.

DESCRIPTION OF THE REFERENCE SYMBOLS
20 20, 25, 120, 125: CALCULATION UNIT
21: DISPLAY UNIT
30: ILLUMINATION LIGHT SOURCE
40: ILLUMINATING OPTICAL SYSTEM
41: FIRST CONDENSER LENS

25 42: SECOND CONDENSER LENS
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44: WAVELENGTH FILTER
50: STAGE

60: TEST OBJECT

70: IMAGING OPTICAL SYSTEM

71: OBJECTIVE LENS

80: IMAGE SENSOR

90,390: FIRST SPATIAL LIGHT MODULATING DEVICE
91: ILLUMINATION REGION

92: LIGHT-SHIELDING PART

100, 300: MICROSCOPE SYSTEM

201: IMAGE PROCESSING UNIT

202, 402: FOURIER ANALYSIS UNIT

204: DETERMINATION UNIT

205, 405: COMPARISON UNIT

206, 406: STORAGE UNIT

208: DEVICE MODULATING UNIT

209: FILTER DRIVING UNIT

222,422: TRANSMITTER UNIT

224, 424: RECEIVER UNIT

396: SECOND SPATIAL LIGHT MODULATING DEVICE
397: PHASE MODULATING REGION

398: DIFFRACTED LIGHT TRANSMITTING REGION

400: SERVER

DESCRIPTION OF EMBODIMENTS
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[0010]
(First Embodiment)

A microscope system 100 including a bright-field microscope which can freely
change the shape of an aperture will be described below as a first embodiment of the
invention. In the microscope system 100, an intensity distributidn of illumination light
suitable for observing an object image under observation in an excellent state is derived
and automatically adjusted.

[0011]
<Microscope System 100>

FIG. 1 is a diagram schematically illustrating the configuration of the
microscope system 100. The microscope system 100 includes an illumination light
source 30, an illuminating optical system 40, a stage 50, an imaging optical system 70,
and image sensor 80, and a calculation unit 20 as major constituents. In the following
description, the central axis of a light beam emitted from the illumination light source 30
is defined to be parallel to the Z axis direction and directions perpendicular to each other
and perpendicular to the Z axis are defined as the X axis direction and the Y axis
direction.

[0012]

The illumination light source 30 illuminates, for example, a test object 60 with
white illumination light. The illuminatiﬁg optical system 40 includes a first condenser
lens 41, a wavelength filter 44, a first spatial light modulating device 90, and a second
condenser lens 42. The imaging optical system 70 includes an objective lens 71. The
stage 50 can move in the X and Y axis directions while having the test object 60, which
has an unknown structure such as a cell tissue, placed thereon. The imaging optical

system 70 focuses transmitted light or reflected light from the test object 60 on the image
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sensor 80.

[0013]

The first spatial light modulating device 90 of the illuminating optical system 40
is arranged, for example, at a position conjugate to the position of a pupil of the imaging
optical system 70. Specifically, a liquid crystal panel or a digital micromirror device
can be used as the first spatial light modulating device 90. The first spatial light
modulating device 90 includes an illumination region 91 of which the shape and size can
be freely ch:anged? and can change the size or shape of the illumination region 91 to
arbitraﬁly éhéhge the intensity distribution‘ of illumination light. That is, the first spatial
light modulating device 90 can change the intensity distribution of illumination light at
the position conjugate to the pupil of the imaging optical system 70. In general, when
the diameter of the transmission region 91 of the first spatial light modulating device 90
is increased, the aperture number of transmitted light increases and thus the resolution
thereof can be increased. The wavelength filter 44 limits the wavelength of a light
beam to be transmitted to a specific range. For example, a band-pass filter transmitting
only light of a wavelength in a specific range is used as the wavelength filter 44. The
wavelength filter 44 can be attached and detached and it is possible to control the
wavelength of light transmitted by the wavelength filter 44 by preparing band-pass filters
transmitting light beams of plural different wavelengths and switching the band-pass
filters.

[0014]

The calculation unit 20 receives an image signal detected by the image sensor 80,
processes the image signal, and displays the processed image signal on the display unit
21 such as a monitor. The calculation unit 20 analyzes the image signal. The analysis

or the like performed by the calculation unit 20 will be described later with reference to
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FIG. 2.

[0015]

In FIG. 1, light emitted from the illumination light source 30 is indicated by a
dotted line. The light LW11 emitted from the illumination light source 30 is converted
into parallel light LW12 by the first condenser lens 41. The light LW12 is specified in
wavelength range by passing through the wavelength filter 44 and is then incident on the
first spatial light modulating device 90. The light LW13 passing thrdugh the
illumination regibn 91 of the first spatial light modulating device 90 is converted into
ligh’t LW14 by passing through the second condenser lens 42 and is then directed to the
stage 50. The light LW15 passing through the stage 50 is converted into light LW16 by
passing through the imaging optical system 70 and forms an image of the test object 60
on the image sensor 80.

[0016]
<Configuration of Calculation Unit 20>

FIG. 2 is a conceptual diagram illustrating the configuration of the calculation
unit 20. The calculation unit 20 includes an image processing unit 201, a Fourier
analysis unit 202, a comparison unit 205, a storage unit 206, and a setting unit 212.

[0017]

The image processing unit 201 and the Fourier analysis unit 202 are supplied
with the image signal from the image sensor 80. The image processing unit 201
processes the image signal from the image sensor 80 so as to display an image on the
display unit 21. The processed signal is sent to the display unit 21 and the image of the
test object is displayed on the display unit 21. The Fourier analysis unit 202 |
Fourier-transforms the image signal from the image sensor 80 and calculates a spatial

frequency component. The spatial frequency component of the test object 60 is
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analyzed. The spatial frequency component is sent to the comparison unit 205 and is
also sent to the storage unit 206 to store the spatial frequency component. The Fourier
analysis unit 202 may Fourier-transform the entire image signal of the test object 60 from
the image sensor 80 or may Fourier-transform a partial image signal of a partial area of
the test object 60 selected by an observer. The partial area may be set by the observer or
may be automatically set.

[0018]

The comparison unit 205 compares the spatial frequency component of the test
object 60 analyzed by the Fourier analysis unit 202 with spatial frequency components
stored in advance in the storage unit 206. The storage unit 206 stores spatial frequency
components of plural sample test objects in advance. The spatial frequency components
are obtained by Fourier transform based on image signals of the sample test objects.

The storage unit 206 stores intensity distributions of illumination light or wavelengths of
illumination light suitable for the respective sample test objects. A manufacturer
manufacturing the microscope system may prepare the sample test objects as default
values. The comparison unit 205 specifies the closest spatial frequency component
from the storage unit 206 on the basis of the comparison result in the comparison unit
205. The comparison unit 205 outputs the intensity distribution of illumination light or
the wavelength of illumination light suitable for the sample test object having the closest
spatial frequency component.

[0019]

Data of the suitable intensity distribution of illumination light or the suitable
wavelength of illumination light is sent to the setting unit 212 setting illumination
conditions of illﬁmination light. The setting unit 212 includes a device modulating unit

208 and a filter driving unit 209. The device modulating unit 208 changes the size or
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shape of the illumination region 91 of the first spatial light modulating device 90 on the

basis of the suitable intensity distribution of illumination light. The filter driving unit

209 changes the wavelength range transmitted by the wavelength filter 44 on the basis of

the data of the suitable wavelength of illumination light.

[0020]
<Spatial Frequency Component of Test Object Stored in Storage Unit>

FIG. 3 is a conceptual diagram illustrating the spatial frequency components or
the like stored in the storage unit 206. FIG. 3(a) shows an example of the spatial
frequency component of the test object 60. FIG. 3(b) shows an example of the spatial
frequency components of sample test objects SM01 to SM10.

[0021]

Presently, the test object 60 is detected by the image sensor 80 with a
predetermined intensity distribution of illumination light. For example, the
predetermined intensity distribution of illumination light is a distribution in which the
illumination region 91 of the first spatial light modulating device 90 is fully opened.

The illumination region 91 of the first spatial light modulating device 90 is also stored in
correlation with the test object 60 along with the spatial frequency component FC of the
test object 60, as shown in FIG. 3(a).  Although not shown in the drawings, a filter
transmitting light of the overall visible range (400 nm to 800 nm) is used as the
wavelength filter 44 when first detecting the test object 60.

[0022]

The test object 60 and the sample test objects to be described below are detected
with the same intensity distribution of illumination light. Accordingly, when both are
the same test object, the same spatial frequency compdnent is acquired. In the first

embodiment, the predetermined intensity distribution of illumination light is a
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distribution in which the illumination region 91 is fully opened. The predetermined
intensity distribution of illumination light is not limited to this example, but the number
of predetermined intensity distributions may be two or more.

[0023]

The spatial frequency component FC is expressed by the relationship of a
frequency, an intensity (amplitude), and a phase. In FIGS. 3(a) and 3(b), the
relationship between the frequency and the intensity in a one-dimensional direction is
schematically illustrated. However, since the image detected by the image sensor 80 is
a two-dimensional image, the image includes the frequency and the intensity in the
two-dimensional direction.

[0024]

The sample test objects SM (SMO01 to SM10) have spatial frequency
components FC (FC01 to FC10) acquired in advance through the use of experiments or
the like. In FIG. 3(b), the sample test objects SM0O1 to SM10 are stored, which is only
an example. It is preferable to have several hundreds of sample test objects stored.

[0025]

The sample test objects SMO1 to SM10 are stored in the storage unit 206 along
with the spatial frequency components FCO01 to FC10 acquired with the intensity
distribution in which the illumination region 91 of the first spatial light modulating
device 90 is fully opened. The spatial frequency components FC01 to FC10 may be
stored as numerical expressions or may be stored as intensity data for each frequency.
Although not shown in the drawings, the spatial frequency components FC01 to FC10 of
the sample test objects SM01 and SM10 are detected by using a filter transmitting visible
rays.

[0026]
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The sample test objects SM (SM01 to SM10) are stored along with the intensity

distributions of illumination light suitable for the respective sample test objects. The
optimal wavelength filters are also stored. For example, it is shown that an intensity
distribution of illumination light in which a single transmission region 91 has a slight
smaller radius R1 is suitable for the sample test object SM01. It is also shown that a
wavelength filter 44A (for example, 400 nm to 800 nm) is suitable for tﬁe sample test
object SMO1. It is shown that an intensity distribution of illumination light including
two transmission regions 91 is suitable for the sample test object SM02. It is also
shown that a wavelength filter 44B (for example, 400 nm to 600 nm) is suitable for the
sample test object SM02. It is shown that an intensity distribution of illumination light
in which a single transmission region 91 has a smaller radius R2 and a wavelength filter
44A are suitable for the sample test object SMO03.

[0027]

It is shown that an intensity distribution of illumination light including an
elliptical transmission region 91 and a wavelength filter 44C (for example, 600 nm to 800
nm are suitable for the sample test object SM08. It is shown that an intensity
distribution of illumination light including a fully-opened illumination region 91 and a
wavelength filter 44 A are suitable for the sample test object SM09. It is shown that an
intensity distribution of illumination light including a crescent transmissién region 91
and a wavelength filter 44 A are suitable for the sample test object SM10.

[0028]
<Operation of Microscope System 100>

FIG. 4 is an example of a flowchart illustrating the operation flow of the
microscope system 100.

In step S101, first, the illumination region 91 of the first spatial light modulating
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device 90 is set to a predetermined intensity distribution. As shown in FIG. 3(a), for
example, the predetermined intensity distribution of illumination light has an
illumination region 91 with the largest radius. A filter transmitting the entire visible
range (400 nm to 800 nm) is selected as the wavelength filter 44. Cells or the like as a
test object 60 are imaged by the image sensor 80.

[0029]

In step S103, the Fourier analysis unit 202 analyzes a two-dimensional image
detected by the image sensor 80. The detected two-dimensional ixhage is processed by
the image processing unit 201 and is then displayed on the display unit 21. An observer
may be made to select a partial area of the test object 60 from the two-dimensional image
displayed on the display unit 21. The partial area may include one area in the test object
60 or two or more areas. The observer may automatically select the central area of the
image sensor 80 as the partial area so as to cause the desired area of the test object 60 to
move to the center. When the partial area is selected, the Fourier analysis unit 202 may
analyze the image signal of the selected partial area of the test object 60. The partial
area may be set by the observer or may be set automatically.

[0030]

In step S105, the comparison unit 205 compares the spatial frequency
component FC of the test object 60 shown in FIG. 3(a) with the spatial frequency
components FCO1 to FC10 shown in FIG. 3(b). The comparison unit 205 specifies one
of the spatial frequency components FCO01 to FC10 closest to the spatial frequency
component FC through the use of a curve fitting method such as a least-square method.
In the example shown in FIG. 3(b), the spatial frequency component FC of the test object
60 is closest to the spatial frequency component FCO03 of the sample test object SM03.

Accordingly, the comparison unit 205 specifies the spatial frequency component FCO03 of
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the sample test object SM03. When the spatial frequency component FC of the test

object 60 is closest to the spatial frequency component FCO3 of the sample test object
SMO03 and the test object 60 is, for example, a cell, it is estimated that the cell structure of
the test object 60 resembles the cell structure of the sample test object SMO03.
Accordingly, the predetermined intensity distribution of illumination light and the
wavelength filter suitable for observation of the sample test object SMO03 stored in
advance in the storage unit 206 can be specified. That is, it is estimated that the
intensity distribution of illumination light which has a smaller radius R2 in the
transmission region 91, and the wavelength filter 44A, are suitable for the test object 60.

[0031]

In step S107, the comparison unit 205 further reads the intensity distribution of
illumination light and the wavelength filter suitable for observation of the specified
sample test object SMO3 from the storage unit 206.

[0032]

In step S109, the suitable intensity distribution of illumination light and the
suitable wavelength filter are sent to the device modulating unit 208 and the filter driving
unit 209. The illumination region 91 of the first spatial light modulating device 90 is set
to the suitable intensity distribution of illumination light. The suitable wavelength filter
44 is also set. The test object 60 is imaged by the image sensor 80. The captured
two-dimensional image is displayed on the display unit 21. When an observer intends
to observe the test object 60 but does not know what intensity distribution of illumination
light or what wavelength filter is suitable, the microscope system 100 can automatically
select the suitable intensity distribution of illumination light and the suitable wavelength
filter. The microscope system 100 can find the intensity distribution of illumination

light or the wavelength filter suitable for the test object 60 in a short time.
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[0033]

In step S111, the observer determines whether the two-dimensional image
displayed on the display unit 21 is a satisfactory image. The image of the test object 60
is captured by the use of the suitable intensity distribution of illumination light and the
suitable wavelength filter, but the observer may want to observe the test object 60 in a
superior state. Furthermore, even when the spatial frequency component FC of the test
object 60 is closest to the spatial frequency component FC of the sample test object SM,
both are not always equal to each other and thus the two-dimensional image ‘may not be
the most suitable one. When thé obsérver determines that the two-dimensional image
displayed on the display unit 21 is a satisfactory image (YES), the observation of the test
object 60 is ended. As indicated by a dotted line, the observation may be ended after
the spatial frequency component whén the test object 60 is imaged with a predetermined
intensity distribution is stored in step S117. When the observer wants to observe a
better two-dimensional image (NO), the operation flow goes to step S113.

[0034]

In step S113, the intensity distribution of illumination light or the wavelength
filter is optimally calculated through the use of a simulated annealing method, a Tabu
search method, a hill-climbing method, a genetic algorithm, or the like. A better
intensity distribution of illumination light or a better wavelength filter is acquired.

[0035]

In step S115, the test object 60 is imaged by the image sensor 80 through the use
of the intensity distribution of illumination light or the wavelength filter acquired in step
S113.

_..In step S117, the acquired intensity distribution of illumination light or

wavelength filter is stored in the storage unit 206 as the intensity distribution of
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illumination light or the wavelength filter suitable for imaging the test object 60 by the
use of the microscope system 100. The spatial frequency component when the test
object 60 is imaged with the predetermined intensity distribution is stored in the storage
unit 206. This result serves as a sample test object when a test object is observed in the
next time.

[0036]

As described above, the microscope system 100 according to this embodiment
can easily find out a suitable intensity distribution of illumination light or a suitable
wavelength filter using the spatial frequency component as an image feature amount
when observing a test object 60.

[0037]

The processes of the flowchart shown in FIG. 4 may be stored as a program on a
storage medium. By installing the program stored on the storage medium on a
computer, the computer can be made to perform the calculation or the like.

[0038]

(Second Embodiment)

The microscope system 100 including a bright-field microscope has been
described in the first embodiment, but a microscope system 300 including a
phase-contrast microscope will be described in a second embodiment of the invention.

[0039]
<Microscope System 300>

FIG. 5A is a diagram schematically illustrating the configuration of a microscope
system 300. The microscope system 300 is an optical microscope system for observing
a test object 60. The microscope system 300 includes an illumination light source 30,

an illuminating optical system 40, an imaging optical system 70, an image sensor 80, and
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a calculation unit 120 as major elements. The illuminating optical system 40 includes a
first condenser lens 41, a first spatial light modulating device 390, and a second
condenser lens 42. The imaging optical system 70 includes an objéctive lens 71 and a
second spatial light modulating device 396. A stage 50 is disposed between the
illuminating optical system 40 and the imaging optical system 70 and a test object 60 is
placed on the stage 50.

[0040]

The second spatial light’ modulating device 396 is disposed at a position of a
pupil of the imaging optical system 70 or in the vicinity thereof, The first spatial light
modulating device 390 is disposed at a position in the illuminating optical system 40
conjugate to the pupil of the imaging optical system 70. The first spatial light
modulating device 390 is a device that can arbitrarily change the intensity distribution of
light passing there through and is constructed by a liquid crystal panel, a DMD, or the
like. The second spatial light modulating device 396 is constructed by a liquid crystal
panel or the like which can change the phase. The second spatial light modulating
device 396 is preferably configured to freely change the intensity distribution of light
along with the phase.

[0041]

In FIG. 5A, light emitted from the illumination light source 30 is indicated by a
dotted line. The illumination light LW31 emitted from the illumination light source 30
is converted into light LW32 by the first condenser lens 41. The light LW32 is incident
on the first spatial light modulating device 390. The light LW33 passing through thé
first spatial light modulating device 390 is converted into light LW34 by passing through
the second condenser lens 42 and is directed to the test object 60. The light LW35

passing through the test object 60 is converted into light LW36 by passing through the
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objective lens 71 and is incident on the second spatial light modulating device 396. The
light LW36 is converted into light LW37 by passing through the second spatial light
modulating device 396 and is focused on the image sensor 80. An image signal of the
image formed on the image sensor 80 is sent to the calculation unit 120. The
calculation unit 120 analyzes the spatial frequency component of the test object 60 on the
basis of the image acquired from the image sensor 80. An illumination shape suitable
for observation of the test object 60 is transmitted to the first spatial light modulating
device 390 and the second spatial light modulating device 396.

[0042]

FIG. 5B is a plan view of the first spatial light modulating device 390. A
ring-like transmission region (illumination region) 391 is formed in the first spatial light
modulating device 390 and the region other than the transmission region 391 serves as a
light-shielding region 392.

[0043]

FIG. 5C is a plan view of the second spatial light modulating device 396. A
ring-like phase modulation region 397 is formed in the second spatial light modulating
device 396 and a phase of a quarter wavelengths is added to light passing through the
.phase modulation region 397. Light passing through a diffracted light transmission
region 398 which is an area other than the phase modulation region 397 is not changed in
phase. The phase modulation region 397 is formed to be conjugate to the transmission
region 391 of the first spatial light modulating device 390.

[0044]

Zero-order light (transmitted light) of the microscope system 300 passes through
the transmission region 391 of the first spatial light modulating device 390, passes

through the phase modulation region 397 of the second spatial light modulating device
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396, and reaches the image sensor 80. Diffracted light created from the test object 60

passes through the diffracted light transmission region 398 of the second spatial light
modulating device 396 and reaches the image sensor 80. The zero-order light and the
diffracted light form an image on the image sensor 80. In general, since the zero-order
light has intensity stronger than that of the diffracted light, it is preferable to form a filter
adjusting the light intensity of the phase modulation region 397.

[0045]

The first spatial light modulating device 390 and the second spatial light
modulating device 396 can freely change the sizes and shapes of the transmission region
391 and the phase modulation region 397. That is, the spatial distribution of phase
added to the transmitted light or the spatial distribution of transmittance can be changed.
As described in the first embodiment, the shape of the transmission region 391 of the first
spatial light modulating device 390 can be optimized by reading an illumination shape
stored in the storage unit. The ring-like region 397 of the second spatial light
modulating device 396 is formed to always be conjugate to the transnﬁssion region 391
of the first spatial light modulating device 390. Accordingly, it is preferable for the
transmission region 391 and the ring-like region 397 to change shapes in synchronization
with each other.

[0046]
<Configuration of Calculation Unit 120>

FIG. 6 is a conceptual diagram illustrating the configuration of the calculation
unit 120. The configuration is basically the same as the configuration of the calculation
unit 20 shown in FIG. 3, but the calculation unit 120 is different from the calculation unit
20, in that it additionally includes a determination unit 204 but does not include the filter

driving unit 209. Also a setting unit 212 setting illumination conditions includes only a
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single device modulating unit 208. Furthermore, the calculation unit 120 is different
from the calculation unit 20, in that the single device modulating unit 208 is connected to
the first spatial light modulating device 390 and the second spatial light modulating
device 396. Hereinafter, the configuration different from the calculation unit 20 will be
mainly described.

[0047]

The determination unit 204 receives an image signal form the image sensor 80.
The determination unit 204 determines which of a phase object and an absorbing object
the test object 60 is on the basis of the contrast of the image. A phase object is a
transparent and colorless object which does not change the light intensity of transmitted
light and changes only the phase. An absorbing object is also called a light-absorbing
object or an intensity object and is a colored object which changes the light intensity of
transmitted light.

[0048]

The determination unit 204 determines whether the test object is a phase object
or an absorbing object on the basis of the image of the test object 60 captured under the
following two conditions. Under the first condition, the image sensor 80 detects the test
object 60 in the state where the transmission region 391 of the first spatial light
modulating device 390 has a circular shape and does not have the light-shielding region
392 and the second spatial light modulating device 396 does not have the phase
modulation region 397 and does not provide any phase difference over the entire surface.
Under the second condition, the image sensor 80 detects the test object 60 in the state
where the transmission region 391 of the first spatial light modulating device 390 has a
ring shape and the phase modulation region 397 of the second spatial light modulating

device 396 has a ring shape and provides a phase difference of a quarter wavelengths.
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[0049]

The determination unit 204 determines whether the image contrast of the test
object 60 imaged under the first condition is higher than a threshold value and whether
the image contrast of the test object 60 imaged under the second condition is higher than
a threshold value. For example, when the test object 60 is a phase object, the image
contrast of the test object 60 imaged under the first condition is low and the image
contrast of the test object 60 imaged under the second condition is high. On the
contrary, when the test object 60 is an absorbing object, the image contrast of the test
object 60 imaged under the first condition is high and the image contrast of the test object
60 imaged under the second condition is low. In this way, the determination unit 204

determines which of the phase object and the absorbing object the test object 60 is. The

- determination result in the determination unit 204 is sent to the comparison unit 205.

[0050]

The comparison unit 205 uses the result sent from the determination unit 204 to
compare the spatial frequency component of the test object 60 with the spatial frequency
components stored in advance in the storage unit 206.

[0051]

The device modulating unit 208 changes the size or shape of the illumination
region 391 of the first spatial light modulating device 390 on the basis of the suitable
intensity distribution of illumination light. The device modulating unit 208 changes the
size or shape of the phase modulation region 397 of the second spatial light modulating
device 396 on the basis of the suitable intensity distribution of illumination light.

[0052]
<Spatial Frequency Component of Test Object stored in Storage Unit>

FIG. 7 is a conceptual diagram illustrating other spatial frequency components or
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the like stored in the storage unit 206. FIG. 7(a) shows an example of the spatial
frequency component of the test object 60 obtained from the ring-like intensity
distribution of illumination light. FIG. 7(b) shows an example of spatial frequency
components of sample test objects SMO1 to SM13.

[0053]

In the second embodiment, the test object 60 is detected by the image sensor 80
under two predetermined conditions. For example, in the first condition, the
predetermined intensity distribution of illumination light does not provide a phase
difference of the second spatial light modulating device 396 in the distribution in which
the illumination region 391 of the first spatial light modulating device 390 is fully opened.
In the second condition, the illumination region 391 of the first spatial light modulafing
device 390 has a ring shape intensity distribution and the phase modulation region 397 of
the second spatial light modulating device 396 has a ring shape intensity distribution and
provides a phase difference of a quarter wavelengths.

[0054]

The second condition is also stored as the predetermined intensity distribution of
illumination light. ~As shown in FIG. 7(a), the predetermined intensity distribution is
stored in correlation with the test object 60 along with the spatial frequency component
FC of the test object 60. Although not shown in the drawings, a filter transmitting light

of the overall visible range (400 nm to 800 nm) is used as the wavelength filter 44 when

. first detecting the test object 60.

[0055]
The sample test objects SM (SMO01 to SM13) have spatial frequency
components FC (FCO01 to FC13) acquired in advance through the use of experiments or

the like. A phase object or an absorbing object is stored as the sample test object SM.
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‘A phase object is a transparent and colorless object which does not change the light
intensity of transmitted light and changes only the phase. An absorbing object is also
called a light-absorbing object or an intensity object and is a colored object which
changes the light intensity of transmitted light. In FIG. 7(b), the sample test objects
SMO01 to SMO3 are stored as the absorbing object. The sample test objects SM11 to
SM13 are stored as the phase object. This is only an example, and it is preferable to
have several hundreds of sample test objects as phase objects stored. The sample test
objects SMO1 to SMO3 as the absorbing objects are the same as the sample test objects
SMO01 to SMO03 shown in FIG. 3. Accordingly, the description thereof will not be
repeated in the following.

[0056]

As for the sample test objects SM11 to SM13 as the phase object, the spatial
frequency components FC11 to FC13 acquired with the intens’ity distribution in which
the illumination region 391 of the first spatial light modulating device 390 has a ring
shape (orbicular shape) are stored in the storage unit 206. Although not shown in the
drawing, the spatial frequency components FC11 to FC13 of the sample test objects
SM11 to SM13 are detected using a filter transmitting visible rays.

[0057]

As for the sample test objects SM (SM11 to SM13) as the phase object, the
intensity distributions of illumination light suitable for the sample test objects SM are
additionally stored. The optimal wavelength filters are also stored. For example, it is
shown that an intensity distribution of illumination light having a transmission region
391 having a large ring width and a wavelength filter 44C (for example, 600 nm to 800
nm) are suitable for the sample test object SM11. It is shown that an intensity

distribution of illumination light having a transmission region 391 in which a ring is
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divided into four parts and a wavelength filter 44A are suitable for the sample test object
SM12. It is shown that an intensity distribution of illumination light having a
transmission region 391 having a small ring width and a wavelength filter 44A are
suitable for the sample test object SM13. The microscope system 300 does not use the
information of the wavelength filter 44 even it is stored in the storage unit 206. The
microscope system 300 including the wavelength filter 44 may use the information of the
wavelength filter 44 stored in the storage unit 206.

[0058]
<Operation of Microscope System 300>

FIG. 8 is an example of a flowchart illustrating the operation flow of the
microscope system 300.

In step S201, the first spatial light modulating device 390 and the second spatial
light modulating device 396 are modulated into two pfedetermined intensity distributions
(first condition: circular uniform illumination, second condition: ring-like illumination
(phase ring)). The test object 60 is imaged by the image sensor 80 under the respective
conditions.

[0059]

| In step S203, the determination unit 204 determines whether the test object 60 is
an absorbing object or a phase object on the basis of the contrast of the image of the test
object 60. For example, when the test object 60 is a phase object, the contrast of the
image of the test object 60 captured under the first condition is low and the contrast of
the image of the test object 60 captured under the second condition is high. In this
flowchart, the explanation is made based on an assumption that the determination unit
204 determines that the test object 60 is a phase object.

[0060]
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In step S205, the Fourier analysis unit 202 analyzes a two-dimensional image of
a phase object detected by the image sensor 80. The captured two-dimensional image is
processed by the image processing unit 201 and is then displayed on the display unit 21.

[0061]

In step S207, the comparison unit 205 compares the spatial frequency
component FC of the test object 60 shown in FIG. 7(a) with the spatial frequency
components FC11 to FC13 shown in FIG. 7(b). Since the determination result that the
test object 60 is a phase object is received from the determination unit 204, the
comparison unit 205 narrows the comparison target to the sample test objects SM11 to
SM13 as a phase object and compares the spatial frequency component FC of the test
object 60 with the spatial frequency components FC11 to FC13.

[0062]

The comparison unit 205 specifies one of the spatial frequency components
FC11 to FC13 closest to the spatial frequency component FC through the use of a curve
fitting method such as a least-square method. In the example shown in FIG. 7(b), the
spatial frequency component FC of the test object 60 is closest to the spatial frequency
component FC13 of the sample test object SM13.  Accordingly, the comparison unit
205 specifies the spatial frequency component FCT;S of the sample test object SM13.
When the test object 60 is, for example, a cell, it is estimated that the cell structure of the
test object resembles the cell structure of the sample test object SM13.  Accordingly, the
predetermined intensity distribution of illumination light suitable for observation of the
sample test object SM13 is specified.

[0063]

In step S209, the comparison unit 205 reads the intensity distribution of

illumination light that is suitable for observation of the specified sample test object SM13,
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which is the specified phase object, from the storage unit 206.

[0064]

In step S211, the suitable intensity distribution of illumination light is sent to the
device modulating unit 208. The illumination region 391 of the first spatial light
modulating device 390 and the phase modulation region 397 of the second spatial light
modulating device 396 are set to the suitable intensity distribution of illumination light.
The test object 60 is imaged by the image sensor 80. The captured two-dimensional
image is displéyed on the display unit 21. 'When an observer intends to observe the test
object 60 but does not know what intensity distribution of illumination light is suitable,
the microscope system 300 can automatically select the suitable intensity distribution of
illumination light. The microscope system 300 can find the intensity distribution of
illumination light suitable for the test object 60 in a short time.

[0065]

In step S213, the observer determines whether the two-dimensional image
displayed on the display unit 21 is a satisfactory image. The image of the test object 60
is captured by the use of the suitable intensity distribution of illumiﬁation light but the
observer may want to observe the test object 60 in a superior state. Furthermore, even
when the spatial frequency component FC of the test object 60 is closest to the spatial
frequency component FC of the sample test object SM, both are not always equal to each
other and thus the two-dimensional image may not be the most suitable one. When the
observer determines that the two-dimensional image displayed on the display unit 21 is a
satisfactory image (YES), the observation of the test object 60 is ended. As indicated
by a dotted line, the observation may be ended after the spatial frequency component
when the test object 60 is imaged with a predetermined intensity distribution is stored in

step S219. When the observer wants to observe a better two-dimensional image (NO),
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the operation flow goes to step S215.

[0066]

In step S215, the intensity distribution of illumination light or the wavelength
filter is optimally calculated through the use of a simulated annealing method, a Tabu
search method, a hill-climbing method, a genetic algorithm, or the like. A better
intensity distribution of illumination light is acquired.

[0067]

In step S217, the test object 60 is imaged by the image sensor 80 through the use
of the intensity distribution of illumination light acquired in step S215. |

In step S219, the acquired intensity distribution of illumination light or
wavelength filter is stored in the storage unit 206 as the intensity distribution of
illumination light suitable for imaging the test object 60 by the use of the microscope
system 300. The spatial frequency component when the test object 60 is imaged with
the predetermined intensity distribution is stored in the storage unit 206. This result
serves as a sample test object when a test object is observed next time.

[0068]

As described abéve, the microscope system 300 according to this embodiment
can easily find out a suitable intensity distribution of illumination light using an image
feature amount including the spatial frequency component when observing a test object
60.

[0069]

The processes of the flowchart shown in FIG. 8 may be stored as a program in a
storage medium. By installing the program stored in the sforage medium in a computer,
the computer can be made to perform the calculation or the like.

[0070]
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<Method of Deriving Intensity Distribution of [llumination Light>

In step S113 of FIG. 4 or step S215 of FIG. 8, the intensity distribution of
illumination light suitable for the test object 60 is acquired. Although there are various
deriving methods, two methods of a hill-climbing method and a method using a genetic
algorithm will be described below. The following flowcharts show examples where the
hill-climbing method and the method using a genetic algorithm are applied to the
microscope system 300 according to the second embodiment. Although not described,
the methods may be applied to the microscope system 100 according to the first
embodiment.

[0071]
<Hill-climbing Method>

The hill-climbing method is a method of gradually changing the initially-set
illumination shape, acquiring an image signal of an image for each change of the
initially-set illumination shape, and finding conditions in which the image signal is
closest to the conditions set by an observer. This will be described below with reference
to FIG. 9.

[0072]

FIG. 9 is a flowchart illustrating the hill-climbing method of finding a suitable
intensity distribution while gradually changing the intensity distribution of illumination
light.

In step S301, first, the illumination region 391 of the first spatial light
modulating device 390 and the phase modulation region 397 of the second spatial light
modulating device 396 read from the storage unit 206 are set to suitable intensity
distributions of illumination light. In step S301, the result of step S211 shown in FIG. 8

may be diverted.
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[0073]

In step S303, the device modulating unit 208 slightly changes the sizes of the
illumination region 391 of the first spatial light modulating device 390 and the phase
modulation region 397 of the second spatial light modulating device 396. That is, in
step S303, the intensity distribution of illumination light is slightly changed.

[0074]

In step S305, the image of the test object 60 is detected by the image sensor 80.
Then, an image signal is sent to the calculation unit 120.

[0075]

In step S307, it is determined whether an image based on the image signal sent
to the calculation unit 120 is poorer than the previous image. For example, the contrast
calculated on the basis of the present image signal is compared with the contrast
calculated on the basis of the previously-acquired image signal. When the present
contrast is not poorer than the previous contrast, the sizes or shapes of the illumination
region 391 and the phase modulation region 397 are changed again in step S303 and the
image signal thereof is detected (step S305). That is, since the contrast of the present
image signal is higher, sizes or shapes of the illumination region 391 and the phase
modulation region 397 are changed again in step S303. On the other hand, when the
present contrast is poorer than the previous contrast, the previous sizes or shapes of the
illumination region 391 and the phase modulation region 397 are the highest.
Accordingly, the operation flow goes to step S309.

[0076]

In step S309, an illumination shape suitable for observation of the test object 60
is selected. That is, the illumination region 391 and the phase modulation region 397,

which were used just before the contrast of the observation region 24 became poorer, are
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set as the intensity distribution of illumination light suitable for observation of the test
object 60 and are used for observation of the test object 60. As described in step S219
of FIG. 8, the acquired illumination region 391 and the phase modulation region 397 are
stored in the storage unit 206.
5 [0077]
<Method Using Genetic Algorithm>
The method using a genetic algorithm will be described below. The method
using a genetic algorithm is a method of finding an intensity distribution of illumination
light by acquiring image signals for plural prepared intensity distributions of illumination
10  light and combining the intensity distributions suitable for observation of the test object
60 among them.
[0078]
FIG. 10 is a flowchart using the genetic algorithm.
First, in step S401, the illumination region 391 of the first spatial light
15 modulating device 390 and the phase modulation region 397 of the second spatial ljght
modulating device 396 read from the storage unit 206 are set to suitable intensity
distributions of illumination light.
[0079]
In step S403, the image of the test object 60 is detected by the image sensor 80
20  using the read intensity distributions of the illumination region 391 and the phase
modulation region 397 and other plural intensity distributions. The result of step S211
of FIG. 8 may be diverted as the image of the read intensity distributions of the
illumination region 391 and the phase modulation region 397.
[0080]

25 In step S405, plural next-generation intensity distributions of illumination light
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are formed through the use of a cross or mutation technique of the genetic algorithm.

[0081]

In step S407, the image of the test object 60 is detected by the image sensor 80
using the plural next-generation intensity distributions of illumination light.

[0082]

In step S409, the contrasts of the images of the test object 60 acquired in step
S407 or the like are compared and a first illumination light intensity distribution which is
the most suitable intensity distribution of illumination light and a second illumination
light intensity distribution which is a second most suitable intensity distribution of
illumination light among these.

[0083]

In step S411, it is determined whether the cross or mutation is made up to a
predetermined generation, for example, the 1000-th generation. When the cross and the
like is not made up to the predetermined generation, the intensity distribution of
illumination light suitable for observation of the test object is further found again in step
S405. When the cross and the like are made up to the predetermined generation, the
operation flow goes to step S413.

[0084]

In step S413, the illumination shape of the generation closest to the observer’s
desired conditions is selected from the illumination region 391 acquired through the cross
and the like up to the predetermined generation, for example, the 1000-th generation.
The illumination region 391 of the first spatial light modulating device 390 and the phase
modulation region 397 of the second spatial light modulating device 396 having the
intensity shape of illumination light of the generation are used for observation of the test

object 60. As described in step S219 of FIG. 8, the acquired illumination region 391
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and phase modulation region 397 are stored in the storage unit 206.

[0085]
<Centralized Management of Spatial Frequency Cbmponent>

FIG. 11 is a diagram schematically illustrating the configuration of centralized
management of a spatial frequency component using a server 400.

[0086]

The microscope system 100 includes a calculation unit 25. Unlike the
calculation unit 20 (FIG. 2), the calculation unit 25 does not include the comparison unit
205 and does not include the storage unit 206 storing the spatial frequency components
of the sample test objects SM.  On the other hand, the calculation unit.25 includes a
buffer unit 220 temporarily storing data, a transmitter unit 222 transmitting information
such as the spatial frequency components FC to the outside, and a receiver unit 224
receiving information of suitable intensity distributions of illumination light or the like
from the outside as a communication function of the Internet or the like.

[0087]

The microscope system 300 includes a calculation unit 125. Unlike the
calculation unit 120 (FIG. 6), the calculation unit 125 does not include the comparison
unit 205 and does not include the storage unit 206 storing the spatial frequency
components of the sample test objects SM.  On the other hand, the calculation unit 125
includes a buffer unit 220, a transmitter unit 222, and a receiver unit 224.

[0088]

The server 400 includes a comparison unit 405 comparing the spatial frequency
component FC of the test object 60 with the spatial frequency components of the sample
test objects and a storage unit 406 storing the sp_atial frequency components FC of the

sample test objects SM.  The server 400 includes a transmitter unit 422 transmitting
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information of a suitable intensity distribution of illumination light or the like to the
outside and a receiver unit 424 receiving information of the spatial frequency
components FC or the like from the outside.

[0089]

The microscope system 100 and the microscope system 300 are drawn singly,
but plural microscope systems are disposed actually. On the other hand, the number of
serves 400 is one or small. The microscope system 100 and the microscope system 300
image a test object 60 with predetermined intensity distributions of illumination light.
The image signal of the test object 60 is analyzed by the Fourier analysis unit 202 of each
of the microscope system 100 and the microscopes system 300. The transmitter 222
thereof transmits the spatial frequency component FC of the test object 60 to the server
400. However, it is not necessarily for the systems to transmit the image signal of the
test object 60. The receiver unit 424 of the server 400 receives the spatial frequency
component FC of the test object.

[0090]

The comparison unit 405 of the server 400 compares the transmitted spatial
frequency component FC of the test object 60 with the spatial frequency components FC
of the sample test objects SM stored in the storage unit 406. The spatial frequency
component of the closest sample test object is specified. The comparison unit 405
specifies a predetermined intensity distribution of illumination light or a wavelength filter

suitable for observation of the sample test object. The comparison unit 405 reads the

specified intensity distribution of illumination light or wavelength filter suitable for

observation of the sample test object from the storage unit 406. The read intensity
distribution of illumination light or wavelength filter is transmitted to the microscope

system 100 and the microscope system 300 via the transmitter unit 422.
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[0091]

The receiver units 224 of the microscope system 100 and the microscope system
300 receive the intensity distribution of illumination light or wavelength filter suitable for
observation and the setting units 212 set the illumination conditions on the basis of the
received result. The device modulating units 208 modulate the first spatial light
modulating devices 90 and 390 to the suitable intensity distribution of illumination light.
The filter driving unit 209 changes the transmission wavelength of the wavelength filter
44. The microscope system 100 and the microscope system 300 can easily select the
suitable intensity distribution of illumination light by using the irﬁage feature amount
including the spatial frequency component when observing the test object 60.

[0092]

An observer observes the two-dimensional image of the test object 60 detected
by the image sensor 80 with the suitable intensity distribution of illumination light, and if
the observer satisfies with the two-dimensional image, the observation of the test object
60 ends. When it is intended to observe a better two-dimensional image, the
microscope system 100 and the microscope system 300 optimally calculate the intensity
distribution of illumination light or the wavelength filter through the use of the
hill-climbing method, the genetic algorithm, or the like.

[0093]

The optimal calculation results of the microscope system 100 and the
microscope system 300 are sent to the server 400 via the transmitter unit 222 and are
stored as sample test objects in the storage unit 406 of the server 400 along with the
spatial frequency components. Since the storage unit of the server 400 stores the
intensity distribution of illumination light or the like sent from the plural microscope

systems 100 and microscope systems 300, very large number of spatial frequency
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components are stored. Therefore, the comparison unit 405 of the server 400 can
specify the closest spatial frequency component.

[0094]

By using the above-mentioned methods, the information of a test object 60 can
be detected and the calculation unit 20 can automatically set the illumination shape
suitable for observation of a test object, but various modifications may be made to the
embodiments.

[0095]

For example, in the microscope system 100, the illumination light source 30
emits white illumination light and only a specific wavelength range of a light beam is
transmitted by the wavelength filter 44. Instead of using the wavelength filter 44, an
illumination light source 30 including plural LEDs emitting different wavelengths of
light beams (for example, red, green, and blue) may be used. For example, when it is
intended to irradiate a test object 60 with white light, the red, green, and blue LEDs are

simultaneously turned on. When it is intended to irradiate the test object 60 with red

. light, only the red LED is turned on. In this way, the wavelength of illumination light

may be selected.

[0096]

For example, the microscope system 300 shown in FIG. 5 may further include a
wavelength filter. In the first and second embodiments, the spatial frequency
componeﬁt has been used as an image feature amount, but the image feature amount is
not limited to the spatial frequency component. For example, a histogram (with a
vertical axis representing an appearance frequency and a horizontal axis representing a
gray scale value) representing appearance frequencies of gray scales may be also used as

the image feature amount. A maximum inclination may be used as the image feature
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amount. The maximum inclination represents the maximum variation in brightness
value of a spatial brightness profile (with a horizontal axis representing, for example, a
position in the X direction and a vertical axis representing a brightness value). A

contrast may be used as the image feature amount.
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CLAIMS

1. A microscope system comprising:
an optical microscope for observing a test object; and
5 a computer connected to the microscope;

wherein the microscope comprises,

an illuminating optical system that illuminates the test object with illumination
light from a light source under predetermined illumination conditions,

an ifﬁééing optical system that forms an image of the test object on the basis of

10 light from the test object, and

an image sensor that detects the image of the test object formed by the imaging
optical system and outputs an image signal, and

wherein the computer comprises,

an image analyzing unit that acquires an image feature amount of the test object

15  on the basis of the image signal detected by the image sensor,

a comparison unit that compares the image feature amount of the test object with
image feature amounts of a plurality of sample test objects and specifies an image feature
amount of a sample test object closest to the image feature amount of the test object, and

a setting unit that sets illumination conditions of the illuminating optical system

20  on the basis of an illumination state suitable for observation of a sample test object

having the image feature amount specified by the comparison unit.

2. The microscope system according to claim 1, further comprising a storage
unit that stores the image feature amounts of the plurality of sample test objects under the

25  predetermined illumination conditions and the illumination states suitable for observation
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of the sample test objects.

3. The microscope system according to claim 1 or 2, wherein the illuminating
optical system further comprises a first spatial light modulating device that changes an
intensity distribution of the illumination light at a position conjugate to a pupil of the
imaging optical system, and

wherein the setting unit comprises a device modulating unit that modulates the

first spatial light modulating device.

4. The microscope system according to any one of claims 1 to 3, wherein the
image feature amount of the test object comprises a spatial frequency component, a
histogram, a contrast, or a maximum inclination of at least a part of the image of the test

object.

5. The microscope system according to claim 3 or 4, further comprising a
calculation unit that changes the intensity distribution of the illumination light by a
minute amount using the image signal of the test object, which Waé detected by the image
sensor, as initial data under the intensity distribution of the illumination light by the first
spatial light modulating device, which was modulated by the device modulating unit,
acquires the image signal whenever the intensity distribution of the illumination light is
changed, and sequentially calculates the suitable magnitude of the intensity distribution

of the illumination light.

6. The microscope system according to claim 5, wherein the calculation unit

changes the intensity distribution of the illumination light from the initial data to form
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first and second illumination light intensity distributions, acquires first and second image
signals corresponding to the first and second illumination light intensity distribution, and
calculates an optimal illumination light intensity distribution through an use of a genetic

algorithm.

7. The microscope system according to any one of claims 3 to 6, further
comprising a second spatial light modulating device that is disposed in a position
conjugate to a pupil or a vicinity of the position of the pupil of the imaging optical
system and at a position conjugate to the first spatial light modulating device,

wherein the second spatial light modulating device changes a spatial

distribution of a phase added to transmitted light or a spatial distribution of transmittance.

8. The microscope system according to any one of claims 1 to 7, further
comprising a determination unit that determines whether the test object is an absorbing

object or a phase object on the basis of the image signal detected by the image sensor.

9. The microscope system according to any one of claims 1 to 8, wherein the
microscope further comprises a wavelength filter that selects a wavelength range of the
illumination light, and

wherein the image signal detected by the image sensor is detected through the

use of the wavelength filter.

10. The microscope system according to any one of claims 1 to 9, wherein the
sample test objects comprises a test object previously observed by the microscope

system.
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11. The microscope system according to claim 1, further comprising:

a transmitter unit that trénsmits the image feature amount of the test object to a
server; and

a receiver unit that receives an illumination conditions of the illuminating optical
system set by the server,

wherein the server comprises,

a second comparison unit that compares the image feature amount of the test
object with an image feature amounts of an plurality of sample test objects and specifies
an image feature amount of the sample test object which is closest to the image feature
amount of the test object, and

a second setting unit that sets the illumination conditions of the illuminating
optical system on the basis of an illumination state suitable for observation of the sample

test object having the image feature amount specified by the second comparison unit.

12. A server comprising:

a second receiver unit that receives the image feature amount of the test object
from the microscope system according to claim 1;

a second comparison unit that compares the image feature amount of the test
object received by the second receiver unit with the image feature amounts of a plurality
of sample test objects and specifies an image feature amount of the sample test object
which is closest to the image feature amount of the test object;

a second setting unit that sets the illumination conditions of the illuminating
optical system on the basis of an illumination state suitable for observation of the vsample

test object having the image feature amount specified by the second comparison unit; and
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a second transmitter unit that transmits the illumination conditions of the

illuminating optical system set by the second setting unit to the microscope system.

13. A program for observing a test object using a microscope system including
a microscope including an illuminating optical system that illuminates the test object
with illumination light from a light source under predetermined illumination conditions,
an imaging optical system that forms an image of the test object on the basis of light
from the test object, and an image sensor that detects the image of the test object formed
by the imaging optical system and outputs an image signal and a computer connected to
the microscope, the program causing the computer to perform:

image analysis of acquiring an image feature amount of the test object on the
basis of the image signal detected by the image sensor;

comparison of comparing the image feature amount of the test object with image
feature amounts of a plurality of sample test objects;

specification of specifying the image feature amount of the sample test object
closest to the image feature amount of the test object; and

setting of setting illumination conditions of the illuminating optical system on
the basis of an illumination state suitable for observation of the sample test object having

the image feature amount specified by the comparison.
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