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Description

Technical Field

[0001] The present invention relates to examination
apparatuses and fluoroscopy apparatuses for examining
a living organism, organ, or tissue.

Background Art

[0002] A conventionally known microscope examina-
tion apparatus is described in Patent Document 1. This
microscope examination apparatus includes an objective
lens disposed opposite to a specimen, an image-forming
lens configured to form an enlarged image on an image-
capturing unit, such as a CCD camera, and a magnifying
relay lens detachably disposed between the objective
lens and the image-forming lens and capable of contin-
uously changing the magnifying power within a specific
range of magnifications.
[0003] According to this microscope examination ap-
paratus, even when the objective lens and the im-
age-forming lens are fixed and an afocal magnifying relay
lens is detachably disposed therebetween, the confocal
point on the image-capturing plane does not change and
degradation of the image caused by the magnification is
small. Thus, operability and performance are improved.
[0004] Furthermore, conventionally, when examining
a living organism, organ, or tissue, a microscope or a
stereo microscope is used to illuminate the upper surface
or the lower surface of the living organism, organ, or tis-
sue to obtain a fluorescence image, a reflective image,
or a transmission image. When examining a reflective
image or a fluorescence image using an endoscope, the
inside of the living organism is illuminated and image
capturing is carried out inside the living organism.

Patent Document 1: Japanese Unexamined Patent
Application Publication No. HEI-7-104192 (Fig. 1,
etc.)

EP 0 124 241 A1 relates to a microscope with an auto-
matic focusing device and a photographing device. The
microscope includes amongst others a light source, an
objective unit consisting of objectives attached to a re-
volver and a photographing eyepiece unit consisting of
a plurality of photographing eyepieces which can be se-
lectively inserted into the light path.
AT 314 222 B relates to a microscope comprising a light
source and a plurality of objectives on a revolver. A de-
flecting prism allows guiding the light or parts thereof to
an eyepiece or to a lens tube onto which projecting units
can be mounted.
EP 0 477 998 A1 relates to a stereo microscope and an
apparatus for mounting and moving lenses to achieve
continuously varying magnification. This apparatus in-
cludes two guide rods, each supporting a pair of compli-
menting upper and lower zoom lens assemblies which

are slidably mounted for linear movement.
US 2001/003490 A1 relates to a fluorescence micro-
scope and a stereoscopic microscope including a fluo-
rescence illumination apparatus removably attached.

Disclosure of Invention

[0005] However, a known microscope examination ap-
paratus changes the examination magnification by
changing the magnification of the afocal magnifying relay
lens. Therefore, it is difficult to carry out magnification
within a wide range of magnifications. In other words,
since the same objective lens and image-forming lens
are used from low magnification to high magnification,
there is a problem in that, when the magnification is low,
the numerical aperture becomes significantly small, and
the resolution is reduced.
[0006] For known examination apparatuses, when the
specimen to be examined is a living organism, organ, or
tissue, as the thickness of the specimen increases, the
illuminated light is more easily absorbed. Therefore, it
becomes difficult to efficiently illuminate the examination
site of the living organism, organ, or tissue.
[0007] As the thickness of the living organism, organ,
or tissue increases, autofluorescence increases. There-
fore, it becomes difficult to examine the examination site
of the living organism, organ, or tissue at high resolution.
[0008] The present invention has been conceived in
light of the problems described above. An object of the
present invention is to provide an examination apparatus
and a fluoroscopy apparatus that are capable of obtaining
a high-resolution image without significantly decreasing
the numerical aperture when magnification is decreased
and that are capable of improving the examination accu-
racy.
[0009]  Another object of the present invention is to
provide a technology for efficiently illuminating a living
organism, organ, or tissue and examining it at high res-
olution.
[0010] The above-identified objects are solved by in-
dependent claim 1. The dependent claims define pre-
ferred embodiments.
A first aspect of the present invention provides an exam-
ination apparatus comprising a light source for emitting
excitation light or illumination light to a specimen placed
on a stage; an objective lens opposing the stage and
capable of focusing fluorescence or reflected light from
the specimen; an image-forming lens for forming an im-
age of the specimen obtained by the objective lens; and
an image-capturing unit for capturing the image of the
specimen forming by the image-forming lens. A plurality
of the objective lenses having different magnifying pow-
ers is provided, and an objective-lens switching mecha-
nism for switching among the objective lenses is provid-
ed. A plurality of the image-forming lenses having differ-
ent magnifying powers is provided, and an image-form-
ing-lens switching mechanism for switching among the
image-forming lenses is provided.
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[0011] According to this aspect, when excitation light
or illumination light generated at the light source is emit-
ted to the specimen, fluorescence or reflected light from
the specimen is incident on and focused at the objective
lens, is incident on and imaged at the image-forming lens,
and is captured at the image-capturing unit. To change
the magnification of the image of the specimen, the ob-
jective-lens switching mechanism is operated to switch
the objective lens. Then, the image-forming-lens switch-
ing mechanism can be operated to select an image-form-
ing lens suitable for the objective lens. As a result, even
when the magnifying power is reduced, an image can be
obtained at high resolution without significantly reducing
the numerical aperture.
[0012] According to this aspect, a relay optical system
for relaying illumination light for illuminating the specimen
and a reflecting member that is held by an image-forming
lens and that is capable of deflecting the illumination light
from the light source toward the relay optical system may
be provided.
In this way, the path of the illumination light can be sep-
arated from the path of the return light from the specimen.
Therefore, the illumination light is not transmitted through
the objective lens, and the generation of autofluores-
cence at the objective lens can be reduced. As a result,
an image having good contrast can be obtained. More-
over, for example, in the case where the illumination light
is excitation light and the return light is fluorescence, the
size of the dichroic mirror for separating the excitation
light and the fluorescence can be reduced, which allows
an inexpensive illumination system to be provided.
[0013] According to this aspect, a relay optical system
for relaying illumination light for illuminating the specimen
and a rotary turret for holding a plurality of dichroic mirrors
and a reflecting member which deflects the illumination
light from the light source toward the relay optical system
and for selectively disposing the dichroic mirrors and the
reflecting member opposite the light source may be pro-
vided.
In this way, an illumination system capable of freely
switching between on-axis illumination and off-axis illu-
mination, whichever is suitable for the examination meth-
od, can be provided.
[0014] According to this aspect, the relay optical sys-
tem may be held by the objective lens or the objec-
tive-lens switching mechanism.
In this way, the examination region of an objective lens
can be thoroughly illuminated, and an efficient illumina-
tion system can be provided.
[0015] For the above-described structure, it is prefer-
able that the relay optical system splits the illumination
light from the light source into two or more beams and
emits the two or more beams to the specimen from dif-
ferent directions.
In this way, the generation of shadows on the specimen
can be suppressed, and an illumination system capable
of obtaining an examination image having good contrast
can be provided.

[0016] According to this aspect, a zooming mechanism
inserted, on an optical axis, and between an objective
lens having a high magnifying power and an image-form-
ing lens having a high magnifying power, when an ob-
jective lens having a high magnifying power and an im-
age-forming lens having a high magnifying power are
selected may be provided.
For the above-described structure, it is preferable that
the zooming mechanism is provided in a manner such
that the zooming mechanism is removable from the op-
tical axis when an objective lens having a low magnifying
power and an image-forming lens having a low magnify-
ing power are selected.
[0017] Since the numerical aperture can be relatively
large when an objective lens having a high magnifying
power and an image-forming lens having a high magni-
fying power are selected, the zooming mechanism can
be inserted to continuously change the magnifying pow-
er. In this case, when an objective lens having a low mag-
nifying power and an image-forming lens having a low
magnifying power are selected, by removing the zooming
mechanism from the optical axis, it is possible to employ
a combination of an objective lens and an image-forming
lens that maintains the numerical aperture. To change
the magnifying power from high to low by using only the
zooming mechanism, the numerical aperture at low mag-
nification decreases significantly. Therefore, such an ad-
verse effect can be prevented by removing the zooming
mechanism.
[0018] For the above-described structure, it is prefer-
able that a parfocal adjustment mechanism for adjusting
the image location of the image-forming lenses be pro-
vided.
If the image location of the image-forming lens changes
due to individual variations of the image-forming lens and
the objective lens to be combined and the zooming mech-
anism, this change can be compensate for by the oper-
ation of the parfocal adjustment mechanism, and an even
clearer image can be obtained.
[0019] According to the first aspect of the present in-
vention, it is preferable that an optical-path bypass unit
be provided, the optical-path bypass unit being disposed
on the image-forming lens having a high magnifying pow-
er and being capable of bypassing the optical path be-
tween the image-forming lens having a high magnifying
power and the image-capturing unit so that the straight-
line distance from the image-forming lens having a high
magnifying power to the image-capturing unit is matched
with that of the image-forming lens having a low magni-
fying power.
By positioning the image-forming lens and the objective
lens so that their rear focal positions substantially match,
i.e., so that they are in a telecentric positional relationship,
the optical performance, such as aberrations, can be im-
proved. As in the first aspect of the present invention,
when image-forming lenses having different magnifying
powers are switched while maintaining their positional
relationship, the optical path length increases at high
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magnification because of a difference in the focal lengths.
Thus, the optical-path-bypass unit is operated to match
the straight-line distance from the image-forming lens
having a high magnifying power to the image-capturing
unit and the straight-line distance from the image-forming
lens having a low magnifying power to the image-captur-
ing unit. In this way, clear images can be obtained for all
magnifying powers without moving the image-capturing
unit.
[0020] In the above-described structure, an opti-
cal-path-length adjustment unit capable of adjusting the
optical path length of the optical-path bypass unit may
be disposed on the optical-path bypass unit.
It is preferable that an angle adjustment unit for adjusting
the inclination angle of the optical axis of the optical-path
bypass unit be disposed in the optical-path bypass unit.
When the image-forming lenses are different, the optical
path lengths and the optical axes differ due to individual
variations of the lenses. Therefore, by operating the op-
tical-path-length adjustment unit, the optical path length
is matched with that of the reference image-forming lens,
and by operating the angle adjustment unit, the angle is
adjusted so that the optical axis of the image-forming
lens is accurately directed toward the image-capturing
unit.
[0021] According to the above-described first aspect,
an objective parfocal adjustment mechanism for adjust-
ing the optical axis direction and position of the objective
lens may be provided.
By operating the objective parfocal adjustment mecha-
nism, the individual difference among lenses can be com-
pensated for by adjusting the position of the objective
lens conjugate with the image location of the image-form-
ing lens.
[0022] According to the above-described first aspect,
the objective lenses, the zooming mechanism, and the
image-forming lenses may be attached on the same axis
disposed in the vertical direction and may be attached in
a manner such that they are rotatable around the axis.
In this way, a switching mechanism having a compact
structure can be constructed.
[0023] According to the above-described first aspect,
the objective lenses, the zooming mechanism, and the
image-forming lenses may be attached in a manner such
that they are rotatable around at least two axes that are
disposed in the vertical direction, and the objective lenses
and the zooming mechanism may be attached in a man-
ner such that they are rotatable around different axes.
The objective lenses having different magnifying powers
are disposed at different positions in the optical axis di-
rection according to the difference of the focal length. At
high magnification, the objective lens is disposed close
to the specimen, whereas at low magnification, the ob-
jective lens is disposed away from the specimen. By ro-
tating the objective lenses and the zooming mechanism
around different axes, at low magnification the objective
lens and the zooming mechanism that are not used si-
multaneously can be disposed at positions that interfere

with each other in the optical axis direction, thus enabling
a structure that is compact in the height direction.
[0024] In the above-described structure, a horizontally
mounted base, at least two support stands extending
from the base in the vertical direction along the axes, and
a beam member bridged across the upper ends of the
support stands may be provided, and the image-captur-
ing unit may be fixed to the beam member.
In this way, the image-capturing unit can be stably fixed
to the beam member supported by at least two support
stands, and the vibrations of the image-capturing unit
can be suppressed to improve the examination accuracy.
[0025] In the above-described structure, it is preferable
that the optical axis be disposed at a position away from
a plane including the axes of the at least two support
stands. In this way, the support stands can be disposed
close to each other, and the width can be reduced.
[0026] In the above-described structure with the objec-
tive lenses, zooming mechanism, and image-forming
lenses being provided along one or at least two axes
disposed in the vertical direction and being provided in
a manner such that they are rotatable around the axes,
it is preferable that the objective lenses, the zooming
mechanism, and the image-forming lenses be attached
to the support stand in a manner such that they are ro-
tatable around the axis of the support stand by an as-
sembly including a cylindrical fixed bracket fixed to the
support stand by being engaged with the upper portion
of the support stand; a movable bracket for fixing the
objective lenses, the zooming mechanism, and the im-
age-forming lenses; and a bearing for installing the mov-
able bracket to the fixed bracket in a manner such that
the movable bracket is horizontally rotatable.
By employing such a structure, by engaging and fixing
the fixed bracket of the externally assembled assembly,
the movable bracket can be rotatably supported by the
support stand. Thus, assembly is easy, and production,
maintenance, and adjustment can be easily carried out.
[0027] In the above-described structure with the objec-
tive lenses, zooming mechanism, and image-forming
lenses being provided along one or at least two axes
disposed in the vertical direction and being provided in
a manner such that they are rotatable around the axes,
it is preferable that the base include a first base for fixing
the stage and a second base provided above the first
base with a space provided therebetween, and wherein
the first base and the second base are fixed by spacing
members and the support stands are fixed to the second
base.
By employing such a structure, the spacing dimension
of the spacing members can be set independently from
the distances between the support stands fixed to the
second base. As a result, the spacing dimension of the
spacing members may be increased to provide space
around the stage so as to increase the ease-of-operation
when handling the specimen.
By proving replaceable spacing members, the spacing
members can be changed to spacing members having
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different lengths in accordance with the size of the spec-
imen, and space can be provided around the stage.
[0028] In the above-described structure, a tray mem-
ber for fixing the specimen may be fixed to the stage
while being positioned.
In this way, the specimen can be fixed to the tray member
in a location other than on the stage, and then the tray
member to which the specimen is fixed can be fixed to
the stage. Since the objective lenses are close to each
other, the space around the stage is relatively small.
Thus, in some cases, ease-of-use is not sufficient for
carrying out the procedure for fixing the specimen, such
as a small laboratory animal. Therefore, by carrying out
such a procedure externally and by carrying out only the
procedure for attaching the tray member to the stage
under the objective lens, preparation for examination can
be easily carried out.
[0029] In the above-described structure, it is preferable
that the tray member be composed of a transparent ma-
terial or a light-absorbing material.
In this way, since the illumination light among the light
that is emitted from above the specimen and that is not
incident on the specimen is transmitted through the tray
member or is absorbed by the tray member, this light is
prevented from returning to the objective lens as stray
light.
[0030] According to the above-described first aspect,
it is preferable that the image-capturing unit be replace-
able.
In this way, an image-capturing unit suitable for the type
of specimen and examination method can be selected
and used, and an image suitable for the object being
examined can be obtained.
[0031] According to the above-described first aspect,
it is preferable that the image-capturing unit be disposed
in a manner such that it is rotatable around the optical
axis.
By rotating the image-capturing unit around the optical
axis, the direction of the obtained image can be arbitrarily-
selected. To connect the image-capturing unit to a mon-
itor and carry out examination in real-time, the orientation
of the image displayed on the monitor can be arbitrarily-
selected, and examination can be carried out in a direc-
tion enabling easy viewing.
[0032] The second aspect of the present invention pro-
vides a fluoroscopy apparatus including a laser light
source for emitting excitation light to a specimen placed
on a stage; a plurality of lens groups, each group includ-
ing an objective lens for expanding fluorescence from
the specimen and opposing the stage, and an im-
age-forming lens for imaging the fluorescence from the
specimen expanded by the objective lens; an image-cap-
turing unit for capturing the fluorescence from the spec-
imen imaged by the image-forming lens; and a lens-
group-switching mechanism for switching among the
lens groups.
[0033] According to this aspect, to carry out examina-
tion by changing the magnifying power, the lens-group-

switching mechanism is operated to switch among the
lens groups each including an objective lens and an im-
age-forming lens. Therefore, even when low magnifica-
tion examination is carried out, a bright image can be
obtained without significantly reducing the numerical ap-
erture.
[0034] According to this aspect, a processing unit for
carrying out spectral deconvolution processing on the
captured fluorescence may be provided, and the
processing unit may carry out spectral blind deconvolu-
tion processing.
[0035] The third aspect of the present invention is di-
rected to an examination apparatus for a living organism,
an organ, or tissue. The examination apparatus accord-
ing to the third aspect includes an illumination device for
internally illuminating a living organism, organ, or tissue
and an image-capturing device for obtaining an optical
image of at least one of a transmission image and a flu-
orescence image of the living organism, organ, or tissue
obtained by capturing the external image of the living
organism, an organ, or tissue. The illumination device
may include a light source for emitting illumination light
or excitation light and a light-emitting unit for externally
emitting illumination light or excitation light. The light-
emitting unit can be guided into the living organism, or-
gan, or tissue.
[0036] The fourth aspect of the present invention is di-
rected to an examination apparatus for a living organism,
an organ, or tissue. With the examination method accord-
ing to this aspect, a light-emitting unit for externally emit-
ting illumination light or excitation light is guided into a
living organism, organ, or tissue; the living organism, or-
gan, or tissue is internally illuminated by emitting illumi-
nation light or excitation light from a light-emitting unit;
an optical image of at least one of a transmission image
and a fluorescence image of the living organism, organ,
or tissue is obtained by capturing an external image of
the living organism, organ, or tissue; and the obtained
optical image is displayed on a display device.
[0037] The fifth aspect of the present invention is di-
rected to an examination apparatus for a living organism,
an organ, or tissue. With the experimental method ac-
cording to this aspect, a light-emitting unit for externally
emitting illumination light or excitation light is guided into
a living organism, organ, or tissue; the living organism,
organ, or tissue is internally illuminated by emitting illu-
mination light or excitation light from the light-emitting
unit; a fluorescence image of the living organism, organ,
or tissue is obtained by capturing an external image of
the living organism, organ, or tissue; and the changes
over time in the amount and area of fluorescent substanc-
es in the living organism, organ, or tissue are compared
and studied by comparing the obtained fluorescence im-
age with other images.
[0038] According to the first and second aspects of the
present invention, the objective lens can be switched in
accordance with the change in magnifying power, and,
at the same time, the image-forming lens can also be
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switched. In particular, by switching the objective lens to
an objective lens having a low magnifying power and also
switching the image-forming lens to a image-forming lens
having a low magnifying power when examining a spec-
imen at low magnification, advantages are provided in
that the numerical aperture can be maintained without
be significantly reduced, and reduction in the resolution
of the obtained image is suppressed so as to improve
the examination accuracy.
[0039] According to the third to fifth aspects of the
present invention, a technology for efficiently illuminating
a living organism, organ, or tissue and examine it at high
resolution is provided.

Brief Description of Drawings

[0040]

[FIG. 1] Fig. 1 is a perspective view illustrating a mi-
croscope examination apparatus according to a first
embodiment of the present invention.
[FIG. 2] Fig. 2 is a partially cutaway longitudinal
cross-sectional view illustrating a tray member on a
stage of the microscope examination apparatus il-
lustrated in Fig. 1.
[FIG. 3] Fig. 3 is a longitudinal cross-sectional view
illustrating a low-magnification objective lens unit of
the microscope examination apparatus illustrated in
Fig. 1.
[FIG. 4] Fig. 4 is a longitudinal cross-sectional view
illustrating another low-magnification objective lens
unit similar to that illustrated in Fig. 3.
[FIG. 5] Fig. 5 is a longitudinal cross-sectional view
illustrating another low-magnification objective lens
unit similar to that illustrated in Fig. 3.
[FIG. 6] Fig. 6 is a longitudinal cross-sectional view
illustrating a high-magnification objective lens unit of
the microscope examination apparatus illustrated in
Fig. 1.
[FIG. 7] Fig. 7 is a partially cutaway longitudinal
cross-sectional view illustrating an attachment struc-
ture of a second arm of the microscope examination
apparatus illustrated in Fig. 1.
[Fig. 8] Fig. 8 is a partially cutaway longitudinal
cross-sectional view illustrating an attachment struc-
ture of a camera of the microscope examination ap-
paratus illustrated in Fig. 1.
[Fig. 9] Fig. 9 is a plan view illustrating the attachment
structure of Fig. 8.
[Fig. 10] Fig. 10 is a plan view illustrating the posi-
tioning of a support stand and a spacing member of
the microscope examination apparatus illustrated in
Fig. 1.
[Fig. 11] Fig. 11 is a plan view illustrating the area
where the optical axis of the camera of the micro-
scope examination apparatus shown in Fig. 1 is dis-
posed.
[Fig. 12] Figs. 12A to 12C are schematic diagrams

showing an optical-path bypass unit of the micro-
scope examination apparatus shown in Fig. 1.
[Fig. 13] Fig. 13 illustrates a modification of the op-
tical-path bypass unit shown in Fig. 12.
[Fig. 14] Fig. 14 illustrates another modification of
the optical-path bypass unit shown in Fig. 12.
[Fig. 15] Fig. 15 is a longitudinal cross-sectional view
with a partially cutaway section illustrating the at-
tachment structure of an image-forming lens unit of
the microscope examination apparatus shown in Fig.
1.
[Fig. 16] Fig. 16 is a perspective view illustrating a
microscope examination apparatus according to a
second embodiment of the present invention.
[Fig. 17] Fig. 17 illustrates the overall structure of a
microscope examination apparatus according to a
third embodiment of the present invention.
[Fig. 18] Fig. 18 is a flow chart illustrating an exam-
ination process of the microscope examination ap-
paratus shown in Fig. 17.
[Fig. 19] Fig. 19 is a perspective view illustrating a
microscope examination apparatus according to a
fourth embodiment of the present invention.
[Fig. 20] Fig. 20 is a partial longitudinal cross-sec-
tional view illustrating off-axis illumination of the mi-
croscope examination apparatus shown in Fig. 19.
[Fig. 21] Fig. 21 is a perspective view illustrating the
microscope examination apparatus shown in Fig. 19
during high-magnification examination.
[Fig. 22] Fig. 22 is a perspective view of a microscope
examination apparatus according to a fifth embodi-
ment of the present invention.
[Fig. 23] Fig. 23 is a partial longitudinal cross-sec-
tional view illustrating on-axis illumination of the mi-
croscope examination apparatus shown in Fig. 22.
[Fig. 24] Fig. 24 is a partial longitudinal cross-sec-
tional view illustrating off-axis illumination of the mi-
croscope examination apparatus shown in Fig. 22.
[Fig. 25] Fig. 25 is a partial longitudinal cross-sec-
tional view illustrating a microscope examination ap-
paratus according to a sixth embodiment of the
present invention.
[Fig. 26] Fig. 26 is a partial longitudinal cross-sec-
tional view illustrating a microscope examination ap-
paratus according to a seventh embodiment of the
present invention.
[Fig. 27] Fig. 27 is a perspective view illustrating a
first modification of a stage in the microscope exam-
ination apparatus according to the present invention.
[Fig. 28] Fig. 28 is a longitudinal cross-sectional view
illustrating the stage shown in Fig. 27.
[Fig. 29] Fig. 29 is a perspective view illustrating a
second modification of a stage in the microscope
examination apparatus according to the present in-
vention.
[Fig. 30] Fig. 30 is a longitudinal cross-sectional view
illustrating the stage shown in Fig. 29.
[Fig. 31] Fig. 31 is a perspective view illustrating a
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third modification of a stage in the microscope ex-
amination apparatus according to the present inven-
tion.
[Fig. 32] Fig. 32 is a longitudinal cross-sectional view
illustrating the stage shown in Fig. 31.
[Fig. 33] Fig. 33 is a perspective view illustrating a
fourth modification of a stage in the microscope ex-
amination apparatus according to the present inven-
tion.
[Fig. 34] Fig. 34 is a schematic view of the structure
of an examination apparatus according to an eighth
embodiment first comparative example useful for un-
derstanding the present invention.
[Fig. 35] Fig. 35 is a plan view of an image-forming
optical system turret shown in Fig. 34.
[Fig. 36] Fig. 36 is a flow chart of an examination
process of the examination apparatus according to
the eighth first comparative example useful for un-
derstanding the present invention.
[Fig. 37] Fig. 37 is a schematic view of the structure
of an examination apparatus according to a ninth
embodiment second comparative example useful for
understanding the present invention.
[Fig. 38] Fig. 38 is a schematic view of the structure
of an examination apparatus according to a tenth
embodiment of third comparative example useful for
understanding the present invention.
[Fig. 39] Fig. 39 is a flow chart of an examination
process of the examination apparatus according to
this comparative example.
[Fig. 40] Fig. 40 is a flow chart of another examination
process of the examination apparatus according to
this comparative example.
[Fig. 41] Fig. 41 is a schematic view of the structure
of an examination apparatus according to an elev-
enth embodiment fourth comparative example use-
ful for understanding the present invention.
[Fig. 42] Fig. 42 is a schematic view of the structure
of an examination apparatus according to a fifth com-
parative example useful for understanding the
present invention.
[Fig. 43] Fig. 43 is a schematic view of the structure
of an examination apparatus according to a sixth
comparative example useful for understanding the
present invention.
[Fig. 44] Fig. 44 is a schematic view of the structure
of an examination apparatus according to a four-
teenth embodiment seventh comparative example
useful for understanding the present invention.

Best Mode for Carrying Out the Invention

First Embodiment

[0041] A microscope examination apparatus accord-
ing to a first embodiment will be described below with
reference to Figs. 1 to 15.
As shown in Fig. 1, a microscope examination apparatus

1 according to this embodiment includes a light source
2 configured to generate light emitted to a specimen A
of a small laboratory animal or the like, such as a mouse,
a stage 3 where the specimen A is disposed, objective
lens units 4a to 4d configured to enlarge the return light
from the specimen A, image-forming lens units 5a and
5b configured to enlarge and form a image of the spec-
imen A enlarged by the objective lens units 4a to 4d, and
a camera (image-capturing unit) 6 configured to capture
the image of the specimen A formed by the image-form-
ing lens units 5a and 5b.
[0042] The stage 3 is provided on a horizontally dis-
posed base 7. The base 7 includes a first base 7a that
is disposed on a horizontal mounting surface and a sec-
ond base 7b horizontally disposed above the first base
7a, with space provided therebetween. A plurality of
spacing members 8 for setting the distance between the
two bases are disposed in such a manner that they can
be inserted and removed between the first base 7a and
the second base 7b.
[0043] The stage 3 is disposed on the first base 7a,
and the specimen A disposed on the stage 3 can be
moved in two horizontal directions and the vertical direc-
tion. As shown in Fig. 2, a through hole 3a is formed in
the stage 3. A tray 9 on which the specimen A is disposed
is aligned and fitted in the through hole 3a. According to
this embodiment, the tray 9 is composed of a transparent
material or a black material that absorbs light.
[0044] The second base 7b is disposed above the
stage 3. The second base 7b is notched so that the sec-
ond base 7b does not block the space above the entire
operating area on the stage 3. The spacing members 8
are disposed around the stage 3 at sufficient distances
away from the operating area of the stage 3. In this way,
a large space is provided so as not to cause obstruction
when the operator disposes the specimen A on the stage
3 or manipulates the specimen on the stage 3.
[0045] Two support stands 10 and 11 vertically extend
from the upper surface of the second base 7b. The upper
ends of the two support stands 10 and 11 are connected
to an upper plate (beam member) 12 that is bridged
across the support stands 10 and 11. In this way, a
gate-like frame constituted of the two support stands 10
and 11 and the upper plate 12 is constructed on the sec-
ond base 7b.
[0046] The objective lens units 4a to 4d are attached
to a turret 13 which is attached to the first support stand
10. The turret 13 is rotatable around the vertical axis of
the support stand 10.
The objective lens units 4a to 4d are fixed to the turret
13 so as to be spaced from each other in the circumfer-
ential direction. As shown in Figs. 3 to 6, these objective
lens units 4a to 4d have different magnifying powers. For
example, the objective lens units may have focal lengths
of 50 mm, 90 mm, 180 mm, and 300 mm in order from
the unit having the shortest focal distance. The operator
can select one of the objective lens units 4a to 4d having
the desired focal lengths by turning the turret 13 when
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necessary. In the drawings, lenses are not illustrated.
[0047] The image-forming lens units 5a and 5b, i.e.,
the low-magnification image-forming lens unit 5a and the
high-magnification image-forming lens unit 5b, are at-
tached to the tips of two first arms 14 which are attached
to the second support stand 11 in a manner such that
the first arms 14 are rotatable around the vertical axis of
the second support stand 11. The low-magnification im-
age-forming lens unit 5a has a focal length of 75 mm,
and the high-magnification image-forming lens unit 5b
has a focal length of 210 mm.
[0048] A zooming mechanism 15 configured to contin-
uously change the magnifying power on the high-mag-
nification side and an illumination device 16 for epi-illu-
mination during high-magnification examination are at-
tached to the second support stand 11 in a manner such
that they are independently rotatable around the vertical
axis of the second support stand 11. As shown in the
drawing, the zooming mechanism 15 is attached to the
tip of a second arm 17 rotatably attached to the second
support stand 11. The illumination device 16 is fixed to
a bracket 18 that is rotatably attached to the second sup-
port stand 11. The combined magnifying power of the
objective lens units 4a to 4d, the image-forming lens units
5a and 5b, and the zooming mechanism 15 when at high
magnification is 1.26 to 16.2 times.
[0049] As shown in Fig. 7, the turret 13, the first arms
14, the bracket 18, and the second arm 17 are rotatably
attached to a cylindrical fixing bracket 19 engaged with
the support stand 10 and 11 with bearings 20 interposed
therebetween so as to constitute an assembly 21. Fig. 7
illustrates the second arm 17 as an example. The as-
sembly 21 is engaged with the first support stand 10 and
the second support stand 12 from the upper ends thereof
when the upper plate 12 is removed and is disposed at
specific positions. The fixing bracket 19 is fixed to the
support stands 10 and 11 by screwing in a locking screw
22 in the radial direction. In this way, the assembly 21
can rotate horizontally to the specific positions.
[0050] The assembly 21 is engaged with the support
stands 10 and 11 from the upper ends and is brought
into direct contact with the upper surfaces of sleeves 23
that are positioned in contact with the upper surface of
the second base 7b and the upper surface of the assem-
bly 21 or adjustment spacers (not shown in the drawings)
to set the vertical positions of the components. In other
words, the assembly 21 and the sleeves 23 are engaged
with the support stands 10 and 11 when the upper plate
12 is removed and are stacked onto each other. In this
way, the assembly 21 and the sleeves 23 can be easily
positioned.
[0051] As shown in Fig. 8, the camera 6 is disposed
fixed on the upper plate 12 with the optical axis C extend-
ing vertically downwards. Absorption filters 24 are inter-
posed between the upper plate 12 and the camera 6.
Various different types of absorption filters 24 are at-
tached to a turret 25 in such a manner that they are ro-
tatable around the vertical axis so that only the light to

be captured passes therethrough.
[0052] As shown in Figs. 8 and 9, an attachment hole
27 having a female dovetail part 27a is provided in a
casing 26 of the absorption filters 24. The camera 6 has
a dovetail boss 29 that is inserted into the attachment
hole 27 and engaged with the female dovetail part 27a
by being horizontally urged with a locking screw 28. The
boss 29 is tapered in a manner such that the external
diameter increases toward the tip thereof. As indicated
by the arrows in Fig. 9, by loosening the locking screw
28, the camera 6 can be rotated around the optical axis
C while remaining engaged with the female dovetail part
27a.
[0053] The optical axis C of the camera 6 is interposed
between the two support stands 10 and 11. As repre-
sented by the hatched area in Fig. 11, the position of the
optical axis is set at a point where a circle with a radius
A and a circle with a radius C intersect, wherein the fol-
lowing expressions are satisfied: 

where L represents the distance between the axes of the
two support stands 10 and 11, A represents the turning
radius of the optical axes of the objective lens units 4a
to 4d centered on the axis of the first support stand 10,
B represents the radius of the outermost arc of the ob-
jective lens units 4a to 4d, C represents the turning radius
of the optical axis of the image-forming lens units 5a and
5b centered on the axis of the second support stand 11
and the zooming mechanism 15, D represents the radius
of the outermost arc of the image-forming lens units 5a
and 5b and the zooming mechanism 15, r1 represents
the radius of the first support stand, and r2 represents
the radius of the second support stand 11.
[0054] According to this embodiment, the optical axis
C of the camera 6 is disposed within the above-identified
range but not on the plane intersecting with the axes of
the two support stands 10 and 11. As shown in Fig. 10,
the optical axis C of the camera 6 is disposed at a position
away from the plane. The turret 13 is rotated around the
axis of the first support stand 10 so that one of the se-
lected objective lens units 4a to 4d is disposed at a po-
sition aligned with the optical axis C of the camera 6,
whereas the first arms 14 are rotated around the axis of
the second support stand 11 so that one of the image-
forming lens units 5a and 5b aligned with the selected
objective lens units 4a to 4d is disposed at a position
aligned with the optical axis C of the camera 6.
[0055] If the objective lens unit 4d and the image-form-
ing lens unit 5b, having a high magnifying power, are
selected, the second arm 17 is rotated around the axis
of the second support stand 11 so that the zooming mech-
anism 15 is disposed at a position aligned with the optical
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axis C of the camera 6. At this time, the objective lens
unit 4d, the image-forming lens unit 5b, and the zooming
mechanism 15 can be rotated without interfering with the
support stands 10 and 11. Also, the distance L between
the support stands 10 and 11 can be reduced without
reducing the size of the turret 13 and the arms 14 and 17.
[0056]  In general, it is preferable to dispose the objec-
tive lenses 4a to 4d and the image-forming lens units 5a
and 5b in a positional relationship such that the rear focal
lengths substantially match. In the microscope examina-
tion apparatus 1 according to this embodiment, when
such a positional relationship is achieved, distances L1
and L2 from the image location of one of the objective
lens units 4a to 4d to the image location of one of the
image-forming lens units 5a and 5b differ between a case
in which the objective lens unit 4a and the image-forming
lens unit 5a are selected, as shown in Fig. 12A, and a
case in which the objective lens unit 4d and the image-
forming lens unit 5b are selected, as shown in Fig. 12B.
[0057] Therefore, as shown in Fig. 12C, in the micro-
scope examination apparatus 1 according to this embod-
iment, the image-forming lens unit 5a having high mag-
nifying power and whose distance L1 between the image
locations is great includes a prism (optical-path bypass
unit) 30 for matching the linear distance L2 between the
image locations to a distance L2 of the low magnifying
power by bending and diverting the optical path. In this
way, clear images can be captured from low magnifying
power to high magnifying power without moving the cam-
era 6 fixed on the upper plate 12.
[0058]  By providing a rotational mechanism for rotat-
ing the prism 30 around a horizontal axis, such as a motor
or an adjustment knob, the tilt of the optical axis due to
individual variability, such as manufacturing errors of the
prism 30, may be corrected.
As shown in Fig. 13, a combination of two or more prisms
31 and 32 may be used as an optical-path bypass unit,
and the variation in the optical path length due to the
individual variability of the prisms 31 and 32 may be cor-
rected by providing an adjustment mechanism (not
shown in the drawing) configured to adjust the distance
between the prisms 31 and 32 in the directions indicated
by the arrow. As shown in Fig. 14, three prisms 31, 33,
and 34 may be used as a optical-path bypass unit, and
the above-described tilt of the optical axis C may be cor-
rected by providing a rotational mechanism (not shown
in the drawing) configured to rotate the rearmost prism
34 for deflecting the diverted optical path so that the op-
tical path is restored to a vertical optical path toward the
camera 6. In this way, only the tilt of the rearmost optical
path toward the camera 6 can be adjusted. Therefore,
accurate correction can be easily carried out without
changing the optical path in a complicated manner.
[0059] In the microscope examination apparatus 1 ac-
cording to this embodiment, an objective parfocal mech-
anism 35 and an image parfocal mechanism 36 are pro-
vided for the objective lens units 4a to 4d and the image-
forming lens units 5a and 5b to adjust the focal points of

these lens units.
In case of the objective lens units 4a to 4d illustrated in
Figs. 3 to 5, the objective parfocal mechanism 35 includes
a fixed bracket 37 engaged with a screw hole 13a pro-
vided on the turret 13 and having a female screw 37a; a
movable bracket 38 fixed to the objective lens units 4a
to 4c and having a male screw 38a engaged with the
female screw 37a; and a locking screw 39 for fixing the
relative displacement of the brackets 37 and 38.
[0060] The objective lens unit 4d for high magnification
illustrated in Fig. 6 does not include the objective parfocal
mechanism 35. According to this embodiment, the com-
bination of the objective lens unit 4d and the image-form-
ing lens unit 5b is only one combination for high magni-
fication. Therefore, the objective lens does not have to
be changed. However, an objective parfocal mechanism
may be provided for the objective lens unit 4d. If a plurality
of objective lens units is used as the high-magnification
objective lens unit 4d, it is preferable to provide the ob-
jective parfocal mechanism 35 similar to that used for
low magnification.
[0061] As shown in Fig. 15, the image parfocal mech-
anism 36 includes a fixed holder 40 fixed to the first arms
14, a horizontally adjustable holder 41 mounted in such
a manner as to be capable of moving the horizontal di-
rection with respect to the fixed holder 40, and a vertically
adjustable holder 42 mounted in such a manner as to be
capable of moving in the vertical direction with respect
to the horizontally adjustable holder 41 and used to fix
the image-forming lens units 5a and 5b. The horizontally
adjustable holder 41 is attached to the lower surface of
the fixed holder 40. By loosening a fixing screw 43, the
image-forming lens units 5a and 5b are moved horizon-
tally for a distance corresponding to the gap between a
hole 44 formed in the horizontally adjustable holder 41
and the fixing screw 43. By tightening the fixing screw
43, the image-forming lens units 5a and 5b are positioned
at the adjusted horizontal positions. The vertically adjust-
able holder 42 includes a male screw 42a that engages
with a female screw 41a provided on the horizontally ad-
justable holder 41. By turning the male screw 42a with
respect to the female screw 41a, the image-forming lens
units 5a and 5b are moved in the vertical direction. By
fixing a locking screw 45, the image-forming lens units
5a and 5b are fixed at the adjusted vertical positions.
[0062] The illumination device 16 is connected to the
external light source 2 via an optical fiber 46. A dichroic
mirror 47 is provided on the upper end of the zooming
mechanism 15. The dichroic mirror 47 is configured to
reflect the light emitted from the illumination device 16 in
a vertically downward direction through the zooming
mechanism 15 and the objective lens unit 4d so as to
irradiate the specimen A with the light. A switch 48 and
a second illumination device 50 for illuminating the entire
specimen A through the optical fiber 49 are provided on
the light source 2 near the stage 3. The switch 48 may
be any type of device, such as a galvanometer or a shut-
ter. When the objective lens unit 4a having a low magni-
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fying power and the image-forming lens unit 5a are se-
lected, light is directed to the second illumination device
50 by the switch 48 so as to irradiate the entire specimen
A with the light.
[0063] The operation of the microscope examination
apparatus 1 according to this embodiment, having the
above-described structure, will be described below.
First, to examine the specimen A, such as a small labo-
ratory animal, using the microscope examination appa-
ratus 1 according to this embodiment, the specimen A is
fixed to the tray member 9 outside the microscope ex-
amination apparatus 1. Then, the tray member 9 to which
the specimen A is fixed is positioned by engaging the
tray member 9 with the through hole 3a formed in the
stage 3. In such a case, the positioning of the tray member
9 can be easily carried out because sufficient space is
provided between the first base 7a and the second base
7b. Moreover, the observer can examine the specimen
A by freely changing the examination site on the speci-
men A because a sufficient operating range of the spec-
imen A is provided, based on the operation of the stage 3.
[0064] Next, when the specimen A positioned as de-
scribed above is examined at a low magnification, the
turret 13 attached to the first support stand 10 is rotated
so that the objective lens unit 4a having low magnifying
power is moved to a position aligned with the optical axis
C of the camera 6. When carrying out low-magnification
examination, the zooming mechanism 15 is not used.
Therefore, as shown in Fig. 3, the objective lens unit 4a
that projects upwards from the turret 13 by a large amount
can be used. Accordingly, the numerical aperture of the
objective lens can be prevented from being excessively
reduced.
The image-forming lens unit 5a is moved to a position
aligned with the optical axis C of the camera 6 by rotating
the first arms 14 attached to the second support stand
11. In this way, the combination of the objective lens unit
4a and the image-forming lens unit 5a, suitable for low-
magnification examination, is selected.
[0065]  Then, the switch 48 is switched to the second
illumination device 50 so that the entire specimen A is
irradiated with the light emitted from the light source 2
and the return light from the specimen A is focused at
the camera 6 through the objective lens unit 4a and the
image-forming lens unit 5a to form an image. In this case,
since the prism 30, functioning as a optical-path bypass
unit, is disposed on the image-forming lens unit 5a, the
light transmitted through the image-forming lens unit 5a
is focused at the camera 6 attached to the upper plate
12 to form an image.
[0066] To increase the magnification for examining the
specimen A, the turret 13 is turned to select one of the
other objective lens units 4b to 4d. In this case, since
three types of objective lens units 4a to 4c having low
magnifying powers are provided for the microscope ex-
amination apparatus 1 according to this embodiment, the
magnifying power can be changed by changing only the
objective lens units 4b and 4c, without changing the im-

age-forming lens unit 5a. When the objective lens units
4a to 4d are changed in this way, the position of the ob-
jective lens that is conjugate with the image location of
the image-forming lens may change due to the individual
variability of the lens units 4a to 4d and 5a. However,
according to this embodiment, by finely adjusting the ob-
jective parfocal mechanism 35 and the image parfocal
mechanism 36, precise adjustment is possible. There-
fore, a precisely focused, clear image may be obtained
at any magnification.
[0067] To examine the specimen A with high magnifi-
cation, first, the turret 13 is turned to move the high-mag-
nification objective lens unit 4d to a position aligned with
the optical axis C of the camera 6. In this way, the objec-
tive lens units 4a to 4c having low magnifying powers
and protruding upwards from the turret 13 are removed
from the position aligned with the optical axis C of the
camera 6. Next, the second arm 17 is turned to insert the
zooming mechanism 15 into the space formed on the
optical axis C of the camera 6 above the high-magnifica-
tion objective lens unit 4d by removing the objective lens
units 4a to 4c having low magnifying powers. By turning
the first arms 14, the high-magnification image-forming
lens unit 5b can be disposed at a position aligned with
the optical axis C of the camera 6.
In this way, the combination of the objective lens unit 4d,
the zooming mechanism 15, and the image-forming lens
unit 5b, suitable for high-magnification examination, is
configured.
[0068] To examine the specimen A using the
high-magnification lens units 4d, 5b, and 15 configured
as described above, the examination site of the specimen
A disposed on the stage 3 is aligned with the optical axis
C of the camera 6 by operating the stage 3, in the same
way as described above. Next, light emitted from the light
source 2 by operating the switch 48 is transmitted toward
the first illumination device 16 and is deflected at the di-
chroic mirror 47 provided at the upper end of the zooming
mechanism 15 toward the specimen A. The return light
generated at the specimen A irradiated with light trans-
mitted through the zooming mechanism 15 and the ob-
jective lens unit 4d is focused by the objective lens unit
4d, and the image of the specimen A is enlarged by the
zooming mechanism 15, is transmitted through the dich-
roic mirror 47, and is imaged at the camera 6 by the im-
age-forming lens unit 5b. The observer operates the
zooming mechanism 15, when necessary, to set a spe-
cific magnifying power for examination. At this time, light
can be transmitted through pre-selected absorption fil-
ters 24 so that only light having a specific wavelength is
captured by the camera 6.
[0069] In this way, with the microscope examination
apparatus 1 according to this embodiment, by turning the
turret 13, the objective lens units 4a to 4d can be easily
switched, and by turning the first arms 14, the im-
age-forming lens units 5a and 5b suitable for the objective
lens units 4a to 4d can be selectively switched. In this
way, the magnifying power can be changed by not only
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the objective lens units 4a to 4d, but also the image-
forming lens units 5a and 5b. Moreover, the numerical
aperture will not be excessively reduced when the mag-
nifying power is low.
[0070] In such a case, since the combination of the
objective lens units 4a to 4d and the image-forming lens
units 5a and 5b are changed, the lens units may be out
of focus due to individual variability. However, according
to this embodiment, since the parfocal adjustment mech-
anisms 35 and 36 are provided for the objective lens units
4a to 4d and the image-forming lens units 5a and 5b,
respectively, when the objective lenses and the image-
forming lenses are rotated, the positions of the objective
lenses and the image-forming lenses can be easily cor-
rected so that the examined image is not out of focus.
Since the image-forming lens unit 5a has a long focal
length or, in other words, since the optical-path bypass
unit 30 is provided for the image-forming lens unit 5a,
clear images can be captured from low magnifying power
to high magnifying power, and the linear distance from
the specimen A to the camera 6 can be reduced without
changing the position of the camera 6. Since parfocal
adjustment is carried out at the optical-path bypass unit
30, an advantage is provided in that adjustment can be
carried out easily without moving the image-forming lens
unit 5b.
[0071] Since the zooming mechanism 15 that can be
interposed between the objective lens unit 4d on the
high-magnification side and the image-forming lens unit
5b, examination can be carried out while continuously
changing the magnifying power. When the objective lens
units 4a to 4c having low magnifying powers and the im-
age-forming lens unit 5a are selected, the zooming mech-
anism 15 can be removed from the optical axis C of the
camera 6, and the examination image can be made
brighter while carrying out low-magnification examination
with a small numerical aperture.
In such a case, the size of the zooming mechanism 15
can be reduced by reducing the size of the lens of the
zooming mechanism 15.
[0072] In the microscope examination apparatus 1 ac-
cording to this embodiment, since the zooming mecha-
nism 15 and the objective lens units 4a to 4d are provided
so as to be capable of individually rotating around the
two support stands 10 and 11 provided on the second
base 7b, the objective lens units 4a to 4c having low
magnifying powers and the zooming mechanism 15 can
be disposed at overlapping positions in the vertical direc-
tion since these are not used simultaneously. As a result,
this is advantageous since the length in the vertical di-
rection can be reduced. In such a case, by disposing the
optical axis C of the camera 6 at a position away from
the plane intersecting with the axes of the two support
stands 10 and 11, the two support stands 10 and 11 can
be brought close together to reduce the length in the width
direction.
The number of support stands 10 and 11 is not limited
to two; three or more support stands may be provided.

[0073] Since the objective lens units 4a to 4c having
low magnifying powers and the zooming mechanism 15
are disposed at overlapping positions in the vertical di-
rection, the objective lens units 4a to 4c and the zooming
mechanism 15 may interfere with each other when
switching the lens units. However, by mechanically or
electrically coupling the insertion and removal of the
zooming mechanism 15 and the insertion and removal
of the objective lens units 4a to 4c, such a problem can
be avoided. When the objective lens unit 4d having a
high magnifying power and the zooming mechanism 15
correspond to each other one-to-one, such as in the case
of the microscope examination apparatus 1 according to
this embodiment, the zooming mechanism 15 may be
fixed to the upper portion of the objective lens unit 4d
having a high magnifying power.
[0074] The microscope examination apparatus 1 ac-
cording to this embodiment uses a structure in which the
components, such as the turret 13, the first arms 14, the
second arm 17, and the bracket 18 for the first illumination
device, that are attached in such a manner that they are
rotatable around the axes of the support stands 10 and
11 are assembled outside the microscope examination
apparatus 1 as the assembly 21 and are stacked on the
upper end of the support stands 10 and 11. Therefore,
the microscope examination apparatus 1 is advanta-
geous in that assembling is easy, and addition of other
lens units and modifications are easy.
[0075] In the microscope examination apparatus 1 ac-
cording to this embodiment, the base 7 is a two-stage
structure wherein the stage 3 is provided on the lower
first base 7a and the support stands 10 and 11 are at-
tached to the upper second base 7b. Therefore, the spac-
ing members 8 between the two bases 7a and 7b can be
disposed great distances apart from each other, regard-
less of the distance between the support stands 10 and
11. As a result, a large space can be provided around
the stage 3, thus improving the case of manipulation of
the specimen A, and decreasing the length in the width
direction by decreasing the distance between the support
stands 10 and 11.
[0076] Since the spacing members 8 are replaceable,
the height of the second base 7b with respect to the first
base 7a can be set to any height. Therefore, the distance
can be set in accordance with the size of the specimen
A placed on the stage 3.
Since the specimen A is not fixed directly onto the stage
3, but is fixed to the tray member 9, which is in turn fixed
to the stage 3, the specimen A can be handled even more
easily. Since the tray member 9 is composed of a trans-
parent or black material, light that misses the specimen
A and is incident on the tray member 9 is prevented from
entering the objective lens units 4a to 4d as stray light.
[0077] In the microscope examination apparatus 1 ac-
cording to this embodiment, since the camera 6 is dis-
posed on the upper plate 12 supported by the two support
stands 10 and 11, the camera 6 is less likely to be vibrat-
ed. Thus, blurriness of the examination image can be
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prevented. Since the camera 6 is detachable, the camera
6 can be selected in accordance with the type of the spec-
imen A to be examined and the examination method to
be employed. By providing the camera 6 in a manner
such that it can rotate around the optical axis C, the angle
of the camera 6 can be set in accordance with the orien-
tation of the specimen A.
[0078] If examination is carried out with the entire mi-
croscope examination apparatus 1 according to this em-
bodiment disposed inside a blackout curtain or a dark
box, external light can be prevented from entering the
objective lens units 4a and 4b. In particular, for fluoros-
copy, it is preferable to carry out examination with the
microscope examination apparatus 1 disposed inside a
blackout curtain or a dark box because the fluorescence
is faint. Examination can be carried out easily inside a
blackout curtain or a dark box if the turret 13, the first
arms 14, the second arm 17, and the camera 6 can be
remotely controlled by a specific driving unit. Further-
more, part of the blackout curtain may be folded up or a
window that can be opened and closed may be provided
on part of the dark box for manual operation.

Second Embodiment

[0079] Next, a microscope examination apparatus 60
according to a second embodiment of the present inven-
tion will be described with reference to Fig. 16. The de-
scription of this embodiment is simplified by representing
the components that are the same as those in the micro-
scope examination apparatus 1 according to the
above-described first embodiment by the same refer-
ence numerals as those according to the first embodi-
ment.
The microscope examination apparatus 60 according to
this embodiment differs from the microscope examina-
tion apparatus 1 according to the first embodiment in that,
as illustrated in Fig. 16, a turret 13, an arm 17, and a
second turret 62 are attached to a single support stand
61 in a manner such that they are rotatable around the
support stand 61.
[0080] More specifically, as illustrated in Fig. 16, the
microscope examination apparatus 60 according to this
embodiment includes a base 7 to which a stage 3 for
holding a specimen A is fixed and the support stand 61
vertically extending from the base 7. The turret 13 holding
a plurality of objective lens units 4a to 4d, the arm 17
holding a zooming mechanism 15, and the second turret
62 holding a plurality of image-forming lens units 5a to
5c are attached to the middle area of the support stand
61 in this order from the bottom in such a manner that
they are capable of individually rotating around the ver-
tical axis of the support stand 61. An upper plate 12 is
fixed to the upper end of the support stand 61. A camera
6 whose optical axis C faces vertically downward is fixed
to the upper plate 12. The light source is not shown.
[0081] When examining the specimen A placed on the
stage 3, the objective lens units 4a to 4d and the im-

age-forming lens units 5a to 5c are selected in accord-
ance with the magnifying power to be used for examina-
tion. One of the selected objective lens units 4a to 4d and
one of the selected image-forming lens units 5a to 5c are
disposed at positions aligned with the optical axis C of
the camera 6. When carrying out high-magnification ex-
amination, the zooming mechanism 15 is also disposed
at a position aligned with the optical axis C of the camera
6. With this embodiment, similar to the first embodiment,
one of the image-forming lens units 5a to 5c can be se-
lected in accordance with the objective lenses 4a to 4d
having different magnifying powers.
[0082] The structure of the microscope examination
apparatus 60 according to this embodiment is simpler
than that of the microscope examination apparatus 1 ac-
cording to the first embodiment. Since the entire optical
system is attached to the single support stand 61, an
advantage is provided in that the size of the microscope
examination apparatus 60 in the width direction can be
reduced. Moreover, since the stage 3, which is attached
to the base 7, is disposed in a relatively large space not
surrounded by other components, the microscope exam-
ination apparatus 60 can be easily operated.

Third Embodiment

[0083] Next, a microscope examination apparatus 70
according to a third embodiment will be described with
reference to Fig. 17.
Also in this embodiment, components that are the same
as those of the microscope examination apparatuses 1
and 60 according to the above-described embodiments
will be represented by the same reference numerals to
simplify the description.
The microscope examination apparatus 70 according to
this embodiment is similar to the microscope examination
apparatus 60 according to the second embodiment in
that it includes a single support stand 61 fixed to a base 7.
[0084] As shown in Fig. 17, the microscope examina-
tion apparatus 70 includes a first lens group 71 that is a
combination of an objective lens unit 4a and an im-
age-forming lens unit 5a, and a second lens group 72
that is a combination of an objective lens unit 4d having
a high magnifying power, a zooming mechanism 15, and
an image-forming lens unit 5b. In the drawing, only one
first lens group 71 and one second lens group 72 are
illustrated. However, a plurality of first lens groups 71
having different magnifying powers may be provided. The
lens groups 71 and 72 are fixed to a turret 13 that is
rotatably supported by a support stand 61. The lens
groups 71 and 72 are disposed at equal radial distances
and specific distances apart from each other in the cir-
cumferential direction.
[0085] The microscope examination apparatus 70 is a
fluoroscopy apparatus and includes a light source 2, a
shutter 73, a filter turret 74, and a switch 48 on the side
of the light source 2. First and second illumination devices
16 and 50 are connected to the switch 48. For high-mag-
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nification examination, a dichroic mirror 47 for epi-illumi-
nation of a specimen A is interposed between the zoom-
ing mechanism 15 and the image-forming lens unit 5b.
In the drawing, reference numeral 75 represents a com-
puter including a light source; a control device for con-
trolling the shutter 73; filter turrets 25 and 74; and the
switch 48; a stage 3; the turret 13; and a camera 6. Ref-
erence numeral 76 represents a monitor.
[0086] A case in which fluoroscopy is carried out on
the specimen A using the microscope examination ap-
paratus 70 according to this embodiment, having the
above-described structure, will be described below.
First, a dye is injected in the specimen A, such as a small
laboratory animal, a fluorescent protein is injected into
the specimen A, or a fluorescent protein is expressed in
the specimen A (Step S1). The prepared specimen A is
placed on the stage 3 (Step S2).
Next, a specific magnifying power is selected, and the
lens groups 71 and 72 corresponding to the magnifying
power are aligned with the optical axis C of the camera
6. If the magnifying power is low, the entire specimen A
is irradiated with light by the second illumination device
50 to obtain a bright field image (Step S3). In this state,
the specimen A is moved to a position corresponding to
a specific examination site by operating the stage 3, and
the lens groups 71 and 72 are adjusted to focus on the
specimen A (Step S4).
[0087] Next, the dye to be examined by fluoroscopy is
selected (Step S5), and the imaging wavelength corre-
sponding to the dye is determined by the filter turret 25
(Step S6). The illumination wavelength (excitation wave-
length) corresponding to the selected dye is set by the
filter turret 74 (Step S7). The exposure is determined, an
image is captured (Step S8), and the image is stored
(Step S9). When examination is to be carried out over a
specific amount of time, the image-capturing operation
is repeated at intervals (Step S10).
[0088] Since the microscope examination apparatus
70 according to this embodiment includes the lens groups
71 and 72 having the objective lens units 4a and 4d and
the image-forming lens units 5a and 5b or includes the
second lens group 72 having the zooming mechanism
15, the magnifying power can be changed without carry-
ing out parfocal adjustment, and the numerical aperture
can be prevented from becoming excessively small even
at low magnification. As a result, a bright image can be
captured even at low magnification.
[0089]  Many autofluorescence beams, in addition to
the fluorescence from the target fluorescent substance,
are generated at the specimen A, such as a small labo-
ratory animal. Therefore, a computer 24 may include a
spectral deconvolution processing unit for separating
and removing fluorescence other than that generated at
the target fluorescent substance from the obtained fluo-
rescence image by analyzing the fluorescence spectra
generated at substances, such as fluorescent dye, and
determining the ratio of the amounts of fluorescence ob-
tained at two different wavelengths.

[0090] More specifically, for example, as described in
US Patent No. 6,403,332, if the fluorescence spectrum
of the target fluorescent substance and the fluorescence
spectrum of a substance that generates autofluores-
cence are known, the ratio of the fluorescence intensities
corresponding to two wavelengths in these spectra can
be determined in advance. By determining the ratio in
advance, the fluorescence spectrum of the target fluo-
rescent substance can be extracted from the observed
fluorescence.
[0091] When the autofluorescence substance in the
specimen A is unknown or undetermined, as described
in Japanese Unexamined Patent Application Publication
No. HEI-7-50031, it is preferable to capture a fluores-
cence image of the specimen A and carry out spectral
blind deconvolution for simultaneously computing the flu-
orescence spectrum of the specimen A and the spatial
distribution of the fluorescent substances. According to
this method, the fluorescence spectra of the fluorescent
substances and the percentage of the fluorescent sub-
stances existing in each pixel of the captured fluores-
cence image can be simultaneously determined to de-
termine the distribution of the fluorescent substances in
the specimen A.

Fourth Embodiment

[0092] Next, a microscope examination apparatus 80
according to a fourth embodiment of the present inven-
tion will be described with reference to Figs. 19 to 21.
Also in this embodiment, components that are the same
as those of the microscope examination apparatus 1 ac-
cording to the above-described embodiments will be rep-
resented by the same reference numerals to simplify the
description.
[0093] Instead of the switch 48, the optical fiber 49,
and the illumination device 50 included in the microscope
examination apparatus 1 according to the first embodi-
ment, the microscope examination apparatus 80 accord-
ing to this embodiment includes a reflecting member 82
which is fixed to a retaining member 81 that is fixed to
an image-forming lens unit 5a having a low magnifying
power and a relay optical system 84 which is fixed to a
retaining member 83 that is fixed to a support stand 11.
According to the first embodiment, the zooming mecha-
nism 15 is rotatably supported by the support stand 11,
whereas, according to this embodiment, the zooming
mechanism 15 is fixed to an objective lens 4c for high-
magnification examination.
[0094] The reflecting member 82 is disposed in front
of and opposite to a first illumination device 16 when an
image-forming lens unit 5a for low-magnification is dis-
posed on the optical axis C. In this way, an illumination
beam from a light source 2 transmitted through a fiber
46 is emitted from the first illumination device 16 and is
deflected at the reflecting member 82 towards the relay
optical system 84.
[0095] Fig. 20 is a cross-sectional view of the relay
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optical system 84. The relay optical system 84 includes
a cylindrical outer barrel 85 disposed outside a turret 13
in the circumferential direction of the turret 13, a plurality
of lenses 87a and 87b held by a spacer tube 86 in the
outer barrel, and a reflecting member 88 that is disposed
on one end of the outer barrel 85 and that deflects the
illumination beam relayed through the lenses 87a and
87b toward a specimen A.
[0096] Here, the spacer tube 86 adjusts the illumination
light beam incident on the specimen A. For example, if
the specimen A is a mouse, since the length of the mouse
is about 100 mm, the length of the spacer tube 86 is
adjusted so that the diameter of the illumination light
beam on the stage 3 is 100 mm. The entire specimen A
does not necessarily have to be illuminated: in some cas-
es, only the maximum examination region has to be illu-
minated.
[0097] The operation of the microscope examination
apparatus 80 according to this embodiment, having the
above-described structure, will be described below.
As shown in Figs. 19 and 20, in a low-magnification ex-
amination system including the image-forming lens unit
5a for low-magnification examination that is disposed on
the optical axis C, the illumination light generated at the
light source 2 is guided to the illumination device 16
through the optical fiber 46. Since the reflecting member
82 is disposed in front of and opposing the illumination
device 16, the illumination light from the illumination de-
vice 16 is deflected at the reflecting member 82 and is
directed to the relay optical system 84. Then, the illumi-
nation light beam is adjusted at the relay optical system
84, and the illumination light deflected at the reflecting
member 88 is made incident on the specimen A.
[0098]  The return light from the specimen A is focused
by one of the objective lenses 4a, 4b, and 4d selectively
disposed coaxially with the image-forming lens unit 5a
using the turret 13 and is imaged at a camera 6 by the
image-forming lens unit 5a.
[0099] As shown in Fig. 21, in a high-magnification ex-
amination system including the zooming mechanism 15
and the image-forming lens 5b for high-magnification ex-
amination on the optical axis C, an illumination light gen-
erated at the light source 2 is transmitted to the illumina-
tion device 16 through the fiber 46. By moving the image-
forming lens 5a out of the way, the reflecting member 82
is removed from the front of the illumination device 16,
and, in its place, a dichroic mirror 47 provided on the
upper end of the zooming mechanism 15 is disposed
opposite to the illumination device 16. Consequently, the
illumination light generated at the illumination device 16
is deflected vertically downwards at the dichroic mirror
47, is focused by the objective lens 4c, and then is inci-
dent on the specimen A.
[0100] The return light from the specimen A is focused
by the objective lens 4c and enlarged by the zooming
mechanism 15. Then, the enlarged return light is trans-
mitted through the dichroic mirror 47 and is imaged at
the camera 6 by the image-forming lens 5b.

[0101] In the microscope examination apparatus 80
according to this embodiment, since the illumination light
is not transmitted through the objective lenses 4a, 4b,
and 4d during low-magnification examination, autofluo-
rescence generated at the objective lenses 4a, 4b, and
4d can be reduced. As a result, an image having excellent
contrast can be obtained. Moreover, since the illumina-
tion light beam stopped down at the zooming mechanism
15 during high-magnification examination only has to be
incident on the dichroic mirror 47, an advantage is pro-
vided in that the size of the dichroic mirror 47 can be
reduced.

Fifth Embodiment

[0102] Next, a microscope examination apparatus 90
according to a fifth embodiment will be described with
reference to Figs. 22 to 24.
The description of this embodiment is simplified by rep-
resenting the components that are the same as those in
the microscope examination apparatus 80 according to
the above-described fourth embodiment with the same
reference numerals as those in the fourth embodiment.
[0103] Instead of the reflecting member 82 fixed to the
image-forming lens unit 5a in the microscope examina-
tion apparatus 80 according to the fourth embodiment,
the microscope examination apparatus 90 according to
this embodiment, as shown in Fig. 22, includes a turret
91 (rotary turret) that is supported in a manner such that
it is rotatable around the axis of a support stand 10 and
that is interposed between objective lenses 4a to 4d and
image-forming lens units 5a and 5b. A plurality of dichroic
mirrors 47a, 47b, and 47c having different properties and
a reflecting member 82 are fixed to the turret 91.
[0104] As shown in Fig. 23, each of the dichroic mirrors
47a, 47b, and 47c is attached to a holder 93 disposed in
a through-hole 92 that vertically penetrates the turret 91.
When the central axis of the through-hole 92 holding one
of the dichroic mirrors 47a, 47b, and 47c is aligned with
the optical axis C, the corresponding dichroic mirror 47a,
47b, or 47c is disposed at a position opposing an illumi-
nation device 16.
[0105] As shown in Fig. 23, the holder 93 is substan-
tially cylindrical and is engaged with and positioned in
the through-hole 92 having a stepped structure provided
in the turret 91. The holder 93 is fixed with a setting screw
94 from the outer circumferential surface of the turret 91.
Through-holes 93a and 93b penetrating the holder 93 in
the axial direction and radial direction, respectively, are
formed in the holder 93. One of the dichroic mirrors 47a,
47b, and 47c is fixed on the upper end of the holder 93
at a position covering the through-hole 93a penetrating
in the axial direction.
[0106] The inner diameters of the through-holes 93a
and 93b of the holder 93 and the sizes of the dichroic
mirrors 47a, 47b, and 47c are large enough to transmit
a light beam focused by the objective lens units 4a to 4d.
The dichroic mirrors 47a, 47b, and 47c are each fixed to
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the holder 93 so that they are disposed at the intersecting
point of the illumination light from the illumination device
16 and the optical axis C, at a 45° angle to both the illu-
mination light and the optical axis C.
[0107] As shown in Fig. 24, the reflecting member 82
is attached to a holder 95 with a screw 96 near a
through-hole 92a formed in the turret 91. The reflecting
member 82 is fixed at a position opposite to the illumina-
tion device 16 when the central axis of the through-hole
92a is aligned with the optical axis C.
[0108] As shown in Fig. 24, the reflecting member 82
is bonded to the holder 95 fixed at the edge of the turret
91 and is set at a specific angle so that the illumination
light from the illumination device 16 is deflected towards
a relay optical system 84. The size of the through-hole
92a disposed on the optical axis C when the reflecting
member 82 is disposed on the illumination optical path
is large enough to transmit the illumination light beam
focused by the objective lenses 4a to 4d.
[0109] The operation of the microscope examination
apparatus 90 according to this embodiment, having the
above-described structure, will be described below.
To carry out high-magnification examination using the
microscope examination apparatus 90 according to this
embodiment, the turret 13 is rotated to dispose the ob-
jective lens 4c and the zooming mechanism 15 on the
optical axis C, and first arms 14 are turned to dispose
the image-forming lens unit 5b on the optical axis C.
[0110] Depending on the object being examined, the
turret 91 is rotated to selectively dispose one of the di-
chroic mirrors 47a, 47b, and 47c and the through-hole
92a on the optical axis C. Each of the dichroic mirrors
47a, 47b, and 47c can be attached and removed by re-
moving the holder 93 from the turret 91 by loosening the
setting screw 94. Thus, a dichroic mirror having charac-
teristics suitable for the examination can be selected and
attached.
[0111] When one of the dichroic mirrors 47a, 47b, and
47c is disposed on the optical axis C, the illumination
light from the light source 2 is emitted from the illumination
device 16 through an optical fiber 46, deflected vertically
downwards at one of the dichroic mirrors 47a, 47b, or
47c in front of and opposing the illumination device, and
is incident on the specimen A through the zooming mech-
anism 15 and the objective lens 4c.
In this case, the return light from the specimen A is fo-
cused by the objective lens 4c, enlarged by the zooming
mechanism 15, is then transmitted thorough the through-
hole 93a in the holder 93 on the turret 91 and one of the
dichroic mirrors 47a, 47b, and 47c, and is imaged at the
camera 6 by the image-forming lens unit 5b.
[0112] By disposing the through-hole 92a on the optical
axis C, the illumination light from the light source 2 is
deflected toward the relay optical system 84 at the re-
flecting member 82. Consequently, the specimen A is
not illuminated through the zooming mechanism 15 and
the objective lens 4c but is illuminated from the side at
an angle, that is, off-axis illumination, so that the illumi-

nation light bypasses the zooming mechanism 15 and
the objective lens 4c.
In such a case, the return beam from the specimen A is
focused by the objective lens 4c and expanded by the
zooming mechanism 15. Then, the expanded return light
is transmitted through the through-hole 92a of the turret
91 and is imaged at the camera 6 by the image-forming
lens unit 5b.
[0113] When low-magnification examination is carried
out using the microscope examination apparatus 90 ac-
cording to this embodiment, the turret 13 is rotated so
that one of the objective lenses 4a, 4b, and 4d having
low magnification powers is selectively disposed on the
optical axis C. In addition, the first arms 14 are rotated
to disposed the image-forming lens unit 5a on the optical
axis C.
[0114] Furthermore, by rotating the turret 91, one of
the dichroic mirrors 47a to 47c, having different proper-
ties, and the through-hole 92a are disposed on the optical
axis C. When one of the dichroic mirrors 47a to 47c is
disposed, the illumination light generated at the light
source 2 is transmitted to the illumination device 16 via
the optical fiber 46, is deflected at one of the dichroic
mirrors 47a to 47c on the turret 91, is focused by one of
the objective lenses 4a, 4b, and 4d, and is incident on
the specimen A.
[0115] When the through-hole 92a is disposed on the
optical axis C, the illumination beam from the light source
2 is deflected toward the relay optical system 84 at the
reflecting member 82. Therefore, the specimen A is not
illuminated through the objective lenses 4a, 4b, and 4d
but is illuminated from the side at an angle, that is, off-
axis illumination, so that the illumination light bypasses
the objective lenses 4a, 4b, and 4d. The return light from
the specimen A is focused by the objective lenses 4a,
4b, and 4c, is transmitted through the through-hole 92a
of the turret 91, and is imaged at the camera 6 by the
image-forming lens 5a.
[0116] For carrying out either high-magnification ex-
amination or low-magnification examination using the mi-
croscope examination apparatus 90 having the
above-described structure, either on-axis illumination in
which the specimen A is irradiated with light through the
objective lenses 4a to 4d or off-axis illumination in which
the specimen A is irradiated from the side and at an angle
with light that bypasses the objective lenses 4a to 4d can
be selected by rotating the turret 91 to selectively dispose
one of the dichroic mirrors 47a to 47c and the through-
hole 92a. Since one of the various dichroic mirrors 47a
to 47c can be selected, one of the dichroic mirrors 47a
to 47c having characteristics suitable for the return light
to be examined can be selected.

Sixth Embodiment

[0117] Next, a microscope examination apparatus 100
according to a sixth embodiment will be described with
reference to Fig. 25.
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The description of this embodiment is simplified by rep-
resenting the components that are the same as those in
the microscope examination apparatus 80 according to
the above-described fourth embodiment with the same
reference numerals as those in the fourth embodiment.
[0118] The microscope examination apparatus 100 ac-
cording to this embodiment differs from the fourth em-
bodiment in that a relay optical system 101 is not held
on the support stand 11 but is held on a turret 13. Fur-
thermore, the relay optical system 101 is provided for
each of the objective lenses 4a to 4d. Each relay optical
system 101 is constituted of a set of two components
sandwiching each of the objective lenses 4a to 4d.
[0119] Each of the relay optical systems 101 includes
two cylindrical outer barrels 102 and 103, focusing lenses
104 and 105 that are held by the outer barrels 102 and
103, respectively, a half mirror 106, and mirrors 107, 108,
and 109. The outer barrels 102 and 103 penetrate
through the turret 13 in the thickness direction and are
fixed to the turret 13 with setting screws that are not
shown in the drawing.
[0120] Inside the outer barrel 102 of the relay optical
system 101, the half mirror 106, the focusing lens 104,
and the mirror 108 are disposed in this order from the
top in a substantially straight line. Inside the outer barrel
103, the mirror 107, the focusing lens 105, and the mirror
109 are disposed in this order from the top in a substan-
tially straight line.
[0121] The outer barrel 102 is disposed at a position
where an illumination beam that is deflected vertically
downwards at a reflecting member 82, being fixed to a
retaining member 81 on the image-forming lens unit 5a,
is incident, when one of the objective lenses 4a to 4d and
the image-forming lens unit 5a is disposed on the optical
axis C.
In this state, the half mirror 106 is disposed vertically
below the reflecting member 82 so that the half mirror
106 reflects the examination light deflected at the reflect-
ing member 82. The mirror 107 is disposed at a position
horizontally separated from the half mirror 106 so that
the illumination beam deflected at the half mirror 106 is
incident on the mirror 107.
[0122] The positions of the outer barrels 102 and 103
with respect to the turret 13 and the positions and angles
of the half mirror 106, the mirrors 107, 108, and 109, and
the focusing lenses 104 and 105, inside the outer barrels
102 and 103, are optimally set in each relay optical sys-
tem 101 so that the range of examination of the objective
lenses 4a to 4d can be thoroughly illuminated.
[0123] The operation of the microscope examination
apparatus 100 according to this embodiment, having the
above-described structure, will be described below.
To carry out low-magnification examination using the mi-
croscope examination apparatus 100 according to this
embodiment without disposing the zooming mechanism
15 on the optical axis C, the turret 13 is turned to selec-
tively dispose one of the objective lenses 4a, 4b, and 4d
on the optical axis C. At this time, each relay optical sys-

tem 101 provided for each of the objective lenses 4a, 4b,
and 4d is set.
[0124] The illumination beam generated at a light
source 2 is deflected at the reflecting member 82 and is
directed to the relay optical system 101. The illumination
light that is transmitted through the half mirror 106 on the
upper end of the outer barrel 102 is adjusted by the fo-
cusing lens 104. Then, the illumination beam is deflected
at the mirror 108 and is incident on a specimen A. The
illumination light reflected at the half mirror 103 is deflect-
ed towards the focusing lens 105 at the mirror 107. The
illumination light beam is adjusted at the focusing lens
105. The beam is deflected at the mirror 109 and is inci-
dent on the specimen A.
[0125] In this way, with the microscope examination
apparatus 100 according to this embodiment, examina-
tion light emitted from the light source 2 can be emitted
to the specimen A via two paths. Since the positions of
the optical devices in the two relay optical systems 101
that sandwich each of the objective lenses 4a to 4d are
adjusted, a range corresponding to the range of exami-
nation of each of the objective lenses 4a to 4d can be
illuminated.
The light source 2 according to this embodiment is not
limited to one light source 2, and, instead, a plurality of
light sources may be provided. In such a case, the
number of relay optical systems 101 required for each of
the objective lenses 4a to 4d is equal to at least the
number of light sources 2 being provided.

Seventh Embodiment

[0126] Next, a microscope examination apparatus 110
according to a seventh embodiment will be described
with reference to Fig. 26.
The description of this embodiment is simplified by rep-
resenting the components that are the same as those in
the microscope examination apparatus 80 according to
the above-described fourth embodiment with the same
reference numerals as those in the fourth embodiment.
[0127] The microscope examination apparatus 110 ac-
cording to this embodiment includes a relay optical sys-
tem 120 including lenses 113 and 114 that are held by
holders 111 and 112, respectively, that are fixed to each
of the objective lenses 4a to 4d; a half mirror 116 and a
mirror 117 held by a holder 115 that is fixed to each of
the image-forming lens units 5a and 5b; and a mirror 119
held by a holder 118 that is fixed to a base 12. The half
mirror 116 and the mirror 117 are disposed at positions
vertically separated from each other. For example, as
shown in Fig. 26, when the image-forming lens unit 5a
is disposed on the optical axis C, the half mirror 116 is
disposed in front of and opposing an illumination device
16 so that the illumination device 16, the half mirror 116,
and the mirror 118 are horizontally aligned in a substan-
tially straight line.
[0128] In this way, an illumination beam emitted from
the illumination device 16 and transmitted through the
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half mirror 116 is reflected by the mirror 118 and directed
to a specimen A. The illumination beam deflected verti-
cally downwards at the half mirror 116 is deflected again
at the mirror 117 and is directed to the specimen A via
another path. The focusing lenses 113 and 114 are dis-
posed so that the illumination beams deflected at the
mirrors 117 and 118, respectively, are focused onto the
examination site of the specimen A.
In such a case, the focusing lenses 113 and 114 do not
necessarily have to be fixed to each of the objective lens-
es 4a to 4d.
[0129] With the microscope examination apparatus
110 according to this embodiment, when carrying out
low-magnification examination when the image-forming
lens unit 5a is disposed on the optical axis C, the illumi-
nation light emitted from the half mirror 116 is split and
directed to the transmissive side and the deflective side
of the half mirror 116. The illumination beam transmitted
through the illumination device 16 is deflected at the mir-
ror 118 directly towards the specimen A. The illumination
beam deflected at the half mirror 116 is deflected again
at the mirror 117 and directed towards the specimen A.
The illumination beams deflected at the mirrors 117 and
118 are focused and are incident on the examination site
of the specimen A in the relay optical system 401.
[0130] In this way, with the microscope examination
apparatus 110 according to this embodiment, the same
advantages as those according to the above-described
sixth embodiment are provided. In addition, the mirror
118 directly transmits illumination light to the specimen
A, reducing the number of mirror reflections of the beam
and efficiently illuminating the specimen A.
The fifth and sixth embodiments or the fifth and seventh
embodiments may be combined. In such a case, the ad-
vantages of both embodiments are provided.
[0131] A stage 3 according to this embodiment is dis-
posed on a first base 7a and is capable of moving, in two
horizontal directions and a vertical direction, the speci-
men A placed on a tray 9 that is composed of a trans-
parent material or a light-absorbing black material. In-
stead, however, as shown in Figs. 27 to 33, a fixed stage
130 that is fixed to the first base 7a and integrally provided
with the first base 7a may be used.
[0132] For the stage 130, as illustrated in Figs. 27 and
28, the bottom surface of a depression 133 that is indent-
ed by a step with respect to a peripheral area 132 is a
placement surface 131 for placing the specimen A. It is
preferable that the volume of the depression 133 be suf-
ficient for holding a liquid W, such as body fluid, which
may spill when the specimen A is dissected, or normal
saline solution. In this way, the liquid W can be prevented
from overflowing outside the stage 130 and entering ar-
eas around the stage 130 that are difficult to wipe or wash.
In particular, since it is difficult to visually confirm that the
liquid W is spilling when carrying out examination in a
dark box, it is effective to used the above-described stage
130.
[0133] A stage 140, illustrated in Figs. 29 and 30, has

a depressed peripheral groove 142 around a placement
surface 141 for placing the specimen A. It is preferable
that the volume of the peripheral groove 142 is sufficient
for holding a liquid W, such as body fluid, which may spill
when the specimen A is dissected, or normal saline. In
this way, the same advantages as those of the above-de-
scribed stage 140 are provided, normally, that the liquid
W can be prevented from overflowing outside the stage
140 and entering areas around the stage 140 that are
difficult to wipe or wash. With the stage 140, since the
spilled liquid W pools in the peripheral groove 142 that
is lower than the placement surface 141, another advan-
tage is provided in that the specimen A can be prevented
from being soaked in the liquid W.
[0134] A stage 150 illustrated in Figs. 31 and 32 in-
cludes a depression 151 having a concave placement
surface for placing a specimen A. In this case, also, it is
preferable that the volume of the depression 151 be suf-
ficient for holding a liquid W, such as body fluid, which
may spill when the specimen A is dissected, or normal
saline. The same advantages are provided by the stage
150 as those of the above-described stage 150.
[0135] A stage 160 illustrated in Fig. 33 is the same as
the stage 130 illustrated in Figs. 27 and 28, except that
a notch 161 is provided at a part of the peripheral area
132 so that the liquid W pooled inside the depression 133
can be drained. Outside the notch 161, a receiving pan
162 is provided for collecting the drained liquid W. In this
way, similar to the stage 140 illustrated in Fig. 29, the
specimen A can be prevented from being soaked in the
liquid W. The notch 161 and receiving pan 162 may be
provided for the stage 150 illustrated in Fig. 31. Further-
more, through-holes (not shown in the drawings) for
draining the liquid W may be provided in the placement
surfaces 131 and 151 of the stages 130 and 150, respec-
tively, and containers for collecting the liquid W may be
provided at the ends of the through-holes.

First comparative Example

[0136] This example is directed to an examination ap-
paratus for a living organism, organ, or tissue. Here, "liv-
ing organism" is a living mammal selected from the group
consisting of mouse, rat, rabbit, cat, dog, pig, cow, sheep,
goat, horse, monkey, gorilla, chimpanzee, and human.
"Organ" is an organ selected from the group consisting
of brain, lung, liver, spleen, bone marrow, thymus, heart,
lymph, blood, bone, cartilage, pancreas, liver, gall blad-
der, stomach, intestine, testis, ovary, uterus, rectum,
nervous system, gland, and blood vessel. "Tissue" is a
three-dimensional structure of a plurality of cells.
[0137] Fig. 34 is a schematic view illustrating the struc-
ture of an examination apparatus according to a first ex-
ample. As shown in Fig. 34, the examination apparatus
according this example includes an illumination device
210 for internally illuminating a living organism, organ, or
tissue and an image-capturing device 230 for obtaining
an optical image, i.e., at least one of a transmission image
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and a fluorescence image, of a living organism, organ,
or tissue by capturing an external image of a living or-
ganism, organ, or tissue.
[0138] The illumination device 210 includes a light
source 211 for generating an illumination light or excita-
tion light and a light-emitting unit 216 for externally emit-
ting the illumination light or excitation light. The light-emit-
ting unit 216 may be guided into the living organism, or-
gan, or tissue.
[0139] To "guide" the light-emitting unit 216 into a living
organism, organ, or tissue means to insert the light-emit-
ting unit 216 into a cavity in the living organism, organ,
or tissue, to puncture the living organism, organ, or tissue
with the light-emitting unit 216, or to press the light-emit-
ting unit 216 against the living organism, organ, or tissue.
[0140] The light source 211 is constituted of but not
limited to, for example, a xenon lamp, a mercury lamp,
or a halogen lamp. The light-emitting unit 216 is consti-
tuted of but not limited to, for example, a fiber bundle.
[0141] According to this example, the living organism,
organ, or tissue, i.e., the object to be examined, is a
mouse 291. The light-emitting unit 216 is inserted through
the mouth to the stomach or through the stomach to the
intestine of the mouse 291. The light-emitting unit 216
may be inserted into the body of the mouse 291 through
the ear, nose, anus, or uterine cavity.
[0142] The illumination device 210 further includes a
control unit for controlling the emission of the illumination
beam or excitation beam from the light-emitting unit 216.
The control unit is constituted of but not limited to, for
example, a shutter 213.
[0143] The light source 210 includes a wave-
length-changing unit for changing the wavelength of the
illumination beam or excitation beam emitted from the
light-emitting unit 216. The wavelength-changing unit, for
example, includes a plurality of band-pass filters having
different transmission wavelength bands and an illumi-
nation-light filter turret 214 that is capable of selectively
disposing one of the filters in the optical path.
[0144] The image-capturing device 230 includes an
image-forming optical system 232 for imaging the light
from the living organism, organ, or tissue and an im-
age-capturing element 235 for generating an image sig-
nal by photoelectrically converting the optical image
formed by the image-forming optical system 232. The
image-capturing device 230 includes a plurality of image-
forming optical systems having different magnifying pow-
ers and an image-forming optical system turret 231 for
selectively disposing one of the image-forming optical
systems in the optical path. The image-forming optical
system turret 231 includes, for example, four image-form-
ing optical systems OS1 to OS4, as illustrated in Fig. 35.
For example, the image-forming optical system OS1 has
a magnifying power of 5 times, the image-forming optical
system OS2 has a magnifying power of 1.5 times, the
image-forming optical system OS3 has a magnifying
power of 1 times, and the image-forming optical system
OS4 has a magnifying power of 0.8 times. The image-

forming optical system turret 231 is capable of rotating
around a central axis and is capable of disposing one of
the image-forming optical systems OS1 to OS4 in the
optical path. Accordingly, the image-forming optical sys-
tem 232 for imaging the light from the living organism,
organ, or tissue is formed of one of the image-forming
optical systems OS1 to OS4.
[0145] The image-capturing element 235 is constituted
of but not limited to, for example, a CCD.
[0146] The image-capturing device 230 further in-
cludes a wavelength-changing unit for changing the
wavelength of the light (examination light or fluorescence
light) incident on the image-capturing element 235. The
wavelength-changing unit, for example, includes a plu-
rality of band-pass filters having different transmission
wavelength bands and a light-reception filter turret 234
that is capable of selectively disposing one of the filters
in the optical path.
[0147] The examination apparatus further includes a
display device 240 for displaying an image and an im-
age-processing unit 250 for processing the image signal
from the image-capturing device 230 and for forming an
image to be displaying on the display device 240. The
image-processing unit 250 is constituted of but not limited
to, for example, a personal computer (PC). The image-
processing unit 250 further includes an image-recording
unit 251 for recording images. The image-recording unit
251 is constituted of but not limited to, for example, a
hard disk.
[0148] The examination apparatus further includes an
illumination optical system 270 for externally illuminating
a living organism, organ, or tissue. The illumination op-
tical system 270 is constituted of, for example, a light
source 271 for generating illumination light and a fiber
bundle for transmitting the illumination light generated at
the light source 271.
[0149] The examination apparatus further includes a
controller 260 for controlling the shutter 213, an illumina-
tion-light filter turret 214, an image-forming optical sys-
tem turret 231, a filter turret 234 for light reception, and
a light source 217.
[0150] In the examination apparatus according to this
example, illumination light or excitation light emitted from
the light-emitting unit 216 internally illuminates the mouse
291. The emission of the illumination light or the excitation
light from the light-emitting unit 216 is controlled by the
shutter 213. The wavelength of the illumination light from
the light-emitting unit 216 is changed by the illumination-
light filter turret 214.
[0151] Part of the light transmitted through the mouse
291 and part of the fluorescence generated at the mouse
291 are incident on the image-forming optical system
232. The light incident on the image-forming optical sys-
tem 232 is imaged on the reception plane of the image-
capturing element 235. The image-forming optical sys-
tem 232 employs one of the image-forming optical sys-
tems OS1 to OS4 having a suitable magnifying power
and being selected by using the image-forming optical
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system turret 231.
[0152] Light from the image-forming optical system
232 is transmitted through the light-reception filter turret
234 and is incident on the image-capturing element 235.
The wavelength of the light incident on the image-cap-
turing element 235 can be changed by the light-reception
filter turret 234.
[0153] The image-capturing element 235 generates an
image signal by photoelectrically converting the formed
optical image. The image signal is sent to the im-
age-processing unit 250. The image-processing unit 250
processes the image signal and forms an image to be
displayed on the display device 240, and the image is
displayed on the display device 240. Furthermore, the
image is recorded on the image-recording unit 251, such
as a hard disk, if required.
[0154] Fig. 36 is a flow chart of the examination carried
out by the examination apparatus according to this ex-
ample. The examination process carried out by the ex-
amination apparatus according to this example will be
described below with reference to Fig. 36.
[0155] First, the light-emitting unit 216 constituted of
the fiber bundle of the illumination device 210 is guided
into a living organism, organ, or tissue (SA1). More spe-
cifically, the light-emitting unit 216 is inserted into the
mouse 291 through the mouth.
[0156] Next, while the mouse 291 is internally illumi-
nated by the light-emitting unit 216 or externally illumi-
nated by the illumination optical system 270, the im-
age-capturing device 230 that is disposed outside the
living organism, organ, or tissue, i.e., the mouse 291 is
focused onto the examination site (SA2).
[0157] Next, it is determined whether a transmission
image or a fluorescence image is to be captured (SA3).
[0158] When a transmission image is to be captured,
a transmission image is captured in accordance with the
following steps.
[0159] First, if required, the filter to be used is selected
at the illumination device 210 (SA4). The selected filter
is disposed in the optical path using the illumination-light
filter turret 214. When a filter is not required, a filter is not
disposed in the optical path.
[0160] Since light having long wavelengths, such as
near-infrared light, is easily transmitted through a living
organism, organ, or tissue compared to visible light, if
necessary, a filter is selected at the image-capturing de-
vice 230 (SA5). The selected filter is disposed in the op-
tical path using the light-reception filter turret 234. When
a filter is not required, a filter is not disposed in the optical
path.
[0161] Illumination light or excitation light is emitted
from the light-emitting unit 216 to internally illuminate the
mouse 291. The illumination optical system 270 is turned
off.
[0162] A transmission image is captured by the im-
age-capturing device 230 (SA6). If the exposure time is
not optimal, the illumination and the exposure time are
optimized.

[0163] If required, a differential image of the transmis-
sion image is produced at the image-processing unit 250
(SA7). The differential image is displayed by converting
the diffused light generated by the refractive-index dis-
tribution of the living organism, organ, or tissue into con-
trast. In this way, the shape of the living organism, organ,
or tissue can be easily recognized.
[0164] The transmission image is displayed on the dis-
play device 240 (SA8). If a differential image of the trans-
mission image is produced, the transmission image is
displayed next to the transmission image on the display
device 240, if required, as an image 241 and an image
242, as shown in Fig. 34. In this way, the morphological
characteristics of the captured site can be observed.
[0165] The transmission image is stored in the im-
age-recording unit 251 (SA9). If a differential image of
the transmission image is produced, the transmission im-
age is also displayed on the display device 240.
[0166] To capture a transmission image in this way,
the image-capturing device 230 captures a transmission
image, the image-processing unit 250 produces a differ-
ential image of the transmission image, and the display
device 240 displays a fluorescence image and a differ-
ential image of the transmission image adjacent to each
other.
[0167] When a transmission image is to be captured,
the transmission image is captured in accordance with
the following steps.
[0168] First, the filter to be used is selected at the illu-
mination device 210 (SA10). The selected filter is dis-
posed in the optical path using the illumination-light filter
turret 214. In this way, the living organism, organ, or tis-
sue can be internally illuminated with an excitation beam
having a wavelength corresponding to a fluorescent pro-
tein, such as green florescent protein (GFP), DsRed,
RFP, CFP, YFP, or Kaede, or a fluorescent dye, such as
FITC, Alexa Fluor 488, Alexa Fluor 647, Alexa Fluor 660,
Alexa Fluor 680, Alexa Fluor 700, Alexa Fluor 750, Rhod-
amine, Texas Red, Cy5, Cy5.5, Cy7, IRDye750, or ICG.
[0169] If required, the filter to be used is selected at
the image-capturing device 230 (SA5). The selected filter
is disposed in the optical path using the light-reception
filter turret 234. When a filter is not required, a filter is not
disposed in the optical path. For example, to capture a
fluorescence image in a specific wavelength band, a
band-pass filter corresponding to the desired fluores-
cence image is disposed in the optical path. In this way,
a fluorescence image corresponding to the fluorescent
protein or fluorescent dye in the organ or tissue can be
selectively captured by the image-capturing element
235. To capture a fluorescence image in a wide wave-
length band, a filter is not disposed in the optical path.
[0170] Illumination light or excitation light is emitted
from the light-emitting unit 216 to internally illuminate the
mouse 291. The illumination optical system 270 is turned
off.
[0171] A fluorescence image is captured by the im-
age-capturing device 230 (SA6). If the exposure time is
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not optimal, the illumination and the exposure time are
optimized.
[0172] If required, a differential image of the fluores-
cence image is produced at the image-processing unit
250 (SA7). The differential image is displayed by chang-
ing the contrast of the diffused light generated by the
refractive-index distribution of the living organism, organ,
or tissue. In this way, the shape of the living organism,
organ, or tissue can be easily recognized.
[0173] The fluorescence image is displayed on the dis-
play device 240 (SA8). If a differential image of the fluo-
rescence image is produced, the fluorescence image is
displayed next to the fluorescence image on the display
device 240, if required, as an image 241 and an image
242, as shown in Fig. 34. In this way, the morphological
characteristics of the captured site can be observed.
[0174] The fluorescence image is stored in the im-
age-recording unit 251 (SA9). If a differential image of
the fluorescence image is provided, the fluorescence im-
age is also stored on the image-recording unit 251.
[0175] To capture a fluorescence image in this way,
the image-capturing device 230 captures a fluorescence
image, and the display device 240 displays a fluores-
cence image. In this case, by comparing the fluorescence
image with another image, the changes over time of the
amount and area of the fluorescent substance in the living
organism, organ, or tissue can be compared.
More preferably, the image-capturing device 230 cap-
tures a fluorescence image, the image-processing unit
250 produces a fluorescence image and a differential
image of the fluorescence image, and the display device
240 displays the fluorescence image and the differential
image of the fluorescence image adjacent to each other.
In other words, a fluorescence image is obtained by cap-
turing an external image of the living organism, organ, or
tissue, and the fluorescence image and the differential
image of the fluorescence image are displayed adjacent
to each other on the display device 240. By comparing
the fluorescence image and the differential image of the
fluorescence image, the site where fluorescence is gen-
erated can be specified. Moreover, the position (distribu-
tion), the amount, and/or the area of the fluorescent sub-
stance in the living organism, organ, or tissue can be
studied and/or confirmed on the basis of a fluorescence
image and a differential image of the fluorescence image
by obtaining a fluorescence image by capturing an ex-
ternal image of the living organism, organ, or tissue.
[0176] Conventionally, when a living organism, organ,
or tissue is externally illuminated, the light absorbed at
the surface of the living organism, organ, or tissue gen-
erates autofluorescence, causing a reduction in the con-
trast of the image. Light reflected at the surface of the
living organism, organ, or tissue may act as noise. Al-
though the surface of the living organism, organ, or tissue
is brightly illuminated, the inside of the living organism,
organ, or tissue is illuminated less brightly than the sur-
face.
[0177] In contrast, according to this example, the

light-emitting unit 216 that externally emits illumination
light or excitation light is guided into a living organism,
organ, or tissue, and the illumination light or excitation
light is emitted from the light-emitting unit 216 so as to
internally illuminate the living organism, organ, or tissue.
In this way, the generation of autofluorescence is sup-
pressed. Moreover, the site to be examined on the living
organism, organ, or tissue can be illuminated from a close
distance. Since the living organism, organ, or tissue is
internally illuminated, unlike when the living organism,
organ, or tissue is externally illuminated, there are no
adverse effects caused by light reflected from the surface
of the living organism, organ, or tissue on the image.
Since light emitted from the light-emitting unit 216 guided
into the living organism, organ, or tissue, i.e., the light-
emitting unit 216 that is inserted into the living organism,
organ, or tissue, the light-emitting unit 216 that pene-
trates through the living organism, organ, or tissue, or
the light-emitting unit 216 that is pressed against the living
organism, organ, or tissue, is reflected multiple times in-
side the living organism, organ, or tissue, the living or-
ganism, organ, or tissue is efficiently illuminated.
[0178] As a result, the examination apparatus accord-
ing to this example is capable of efficiently illuminating a
living organism, organ, or tissue, thus enabling exami-
nation at high resolution.
[0179] It is preferable that, during examination of a liv-
ing organism, organ, or tissue, an image of the entire
examination site of the living organism, organ, or tissue
can be captured and a site of interest within the exami-
nation site can be enlarged. Therefore, the examination
apparatus should be able to project optical images on
the image-capturing element at a magnifying power of 1
to 5 times, or more preferably 0.3 to 20 times, by switching
among a plurality of image-forming optical systems. If
this range of magnification is not maintained, a plurality
of examination apparatuses, such as a low-magnification
examination apparatus and a high-magnification exam-
ination apparatus, corresponding to the magnifying pow-
ers of the optical image to be captured must be provided.
As a result, the system will become very inconvenient to
use. To efficiently capture a fluorescence image of the
living organism, organ, or tissue, it is preferable that the
image-forming optical system have an optimal numerical
aperture (NA). For example, if the NA is not maintained
at 0.05 or greater for a magnifying power of 1 times, it is
extremely difficult to efficiently capture a fluorescence
image. Moreover, it is extremely difficult to maintain an
NA of 0.25 or greater due to the design.
[0180] In contrast, with the examination apparatus ac-
cording to this example, by switching among the four im-
age-forming optical systems OS1 to OS4 using the im-
age-forming optical system turret 231, a living organism,
organ, or tissue can be examined at four different mag-
nifying powers, 0.8, 1, 1.5, and 5 times. Since the image-
forming optical systems are switched using the image-
forming optical system turret 231, it is easy to maintain
a relatively large NA even for a low-magnification image-
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forming optical system. Thus, a relatively bright fluores-
cence image can be obtained even when the magnifying
power is low.
[0181] As described above, with this example, the
light-emitting unit 216 for externally emitting an illumina-
tion beam or excitation beam is guided into a living or-
ganism, organ, or tissue and an illumination beam or ex-
citation beam is emitted from the light-emitting unit 216
so as to internally illuminate the living organism, organ,
or tissue.
[0182] Furthermore, an optical image, i.e., at least one
of a transmission image and a fluorescence image, of a
living organism, organ, or tissue is obtained by capturing
an external image of the living organism, organ, or tissue,
and the obtained optical image is displayed on the display
device 240.
[0183] For example, a transmission image is obtained
by capturing an external image of a living organism, or-
gan, or tissue, and the obtained transmission image is
displayed on the display device 240.
[0184] Moreover, a transmission image is obtained by
capturing an external image of a living organism, organ,
or tissue, and the transmission image and a differential
image of the transmission image are displayed adjacent
to each other on the display device 240.
[0185] Moreover, a fluorescence image is obtained by
capturing an external image of a living organism, organ,
or tissue, and the fluorescence image is displayed on the
display device 240. Moreover, the changes over time of
the amount and area of the fluorescent substance in the
living organism, organ, or tissue can be compared and
studied by obtaining a fluorescence image by capturing
an external image of a living organism, organ, or tissue
and comparing the obtained fluorescence image with an-
other image.
[0186] Moreover, a fluorescence image is obtained by
capturing an external image of a living organism, organ,
or tissue, and the fluorescence image and a differential
image of the fluorescence image are displayed adjacent
to each other on the display device 240. Moreover, the
position (distribution), amount, and area of the fluores-
cent substance in the living organism, organ, or tissue
can be studied and/or confirmed on the basis of a fluo-
rescence image and a differential image of the fluores-
cence image by obtaining a fluorescence image by cap-
turing an external image of the living organism, organ, or
tissue.
[0187] According to this example, the light-emitting unit
216 is inserted in a cavity of a living organism, organ, or
tissue for illumination. More specifically, the living organ-
ism, organ, or tissue is the mouse 291, and the light-emit-
ting unit 216 is inserted into the mouth of the mouse 291.
However, the insertion point of the light-emitting unit 216
is not limited to the mouth, and, instead, the light-emitting
unit 216 may be inserted into the nose, uterine cavity,
anus, or ear of the mouse 291 for illumination.
[0188] According to this example, the light-emitting unit
216 is inserted in a cavity of the living organism, organ,

or tissue, i.e., the mouth of the mouse 291 for illumination.
However, the light-emitting unit 216 may penetrate
through the living organism, organ, or tissue, i.e., the
mouse 291, for illumination or may be pressed against
the living organism, organ, or tissue, i.e., the mouse 291,
for illumination.

Second comparative Example

[0189] This example is directed to another examination
apparatus. Fig. 37 is a schematic view illustrating the
structure of an examination apparatus according to a
ninth second example useful for understanding the
present invention. The examination apparatus according
to this example is similar to the examination apparatus
according to the first example, illustrated in Fig. 34. The
components illustrated in Fig. 37 that are represented by
the same reference numerals as the components illus-
trated in Fig. 34 are same components, and detailed de-
scriptions thereof are omitted.
[0190] As shown in Fig. 37, a living organism, organ,
or tissue according to this example is a piece of fresh
cow intestine 293 that has just been cut off. A light-emit-
ting unit 216 constituted of a fiber bundle is inserted into
the cow intestine 293. The examination apparatus ac-
cording to this example differs from that according to the
first example in that an illumination optical system for
externally illuminating the living organism, organ, or tis-
sue is not included. The remaining structure of the ex-
amination apparatus according to this example is the
same as those of the examination apparatus according
to the first example.
[0191] Since the structure of the examination appara-
tus according to this example is basically the same as
that according to the first example, the same method of
operation as that according to the first example can be
employed.
[0192] Furthermore, the examination apparatus ac-
cording to this example can be operated by employing a
method described below, which is different from that ac-
cording to the first example. Similar to the first example,
before any of the following operations, the light-emitting
unit 216 for externally emitting illumination light or exci-
tation light is guided into the living organism, organ, or
tissue, and the illumination light or excitation light is emit-
ted from the light-emitting unit 216 so as to internally il-
luminate the living organism, organ, or tissue.
[0193] As one method, for example, an image-captur-
ing device 230 captures a transmission image and a flu-
orescence image; an image-processing unit 250 produc-
es a transmission image and a fluorescence image, and
a display device 240 adjacently displays the transmission
image and the fluorescence image, as an image 243 and
an image 244, as illustrated in Fig.37. In other words, a
transmission image and a fluorescence image are ob-
tained by capturing an external image of a living organ-
ism, organ, or tissue, and the transmission image and
the fluorescence image are adjacently displayed on the
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display device 240. By comparing the fluorescence im-
age and the transmission image, the site where fluores-
cence is generated can be specified. Moreover, the po-
sition (distribution), amount, and area of the fluorescent
substance in the living organism, organ, or tissue can be
studied and confirmed on the basis of a transmission
image and a fluorescence image by obtaining a trans-
mission image and a fluorescence image by capturing
an external image of the living organism, organ, or tissue.
[0194] Moreover, the image-capturing device 230 cap-
tures a transmission image and a fluorescence image,
the image-processing unit 250 produces a fluorescence
image and a differential image of a transmission image,
and the display device 240 displays the fluorescence im-
age and the differential image of the transmission image,
as an image 243 and an image 244 adjacent to each
other, as illustrated in Fig. 37. In other words, a trans-
mission image and a fluorescence image are obtained
by capturing an external image of a living organism, or-
gan, or tissue, and the fluorescence image and a differ-
ential image of the transmission image are displayed ad-
jacent to each other on the display device 240. By com-
paring the fluorescence image and the differential image
of the transmission image, the site where fluorescence
is generated can be specified. Moreover, the position
(distribution), amount, and area of the fluorescent sub-
stance in the living organism, organ, or tissue can be
studied and confirmed on the basis of a fluorescence
image and a differential image of a transmission image
by obtaining a transmission image and a fluorescence
image by capturing an external image of the living organ-
ism, organ, or tissue.
[0195] As described in the first example, a differential
image is displayed by changing the contrast of the dif-
fused light generated by the refractive-index distribution
of the living organism, organ, or tissue, making it easy to
recognize the shape of the living organism, organ, or tis-
sue. Therefore, the fluorescence-generating site can be
specified even more easily when a comparison is carried
out using a differential image of a fluorescence image or
a differential image of a transmission image.
[0196] As another method, for example, the im-
age-capturing device 230 captures a transmission image
and a fluorescence image, the image-processing unit 250
produces an overlapping image of the transmission im-
age and the fluorescence image, and the display device
240 displays an overlapping image of the transmission
image and the fluorescence image as an image 245, as
illustrated in Fig. 38. In other words, a transmission image
and a fluorescence image are obtained by capturing an
external image of the living organism, organ, or tissue,
and an overlapping image of the transmission image and
the fluorescence image is displayed on the display device
240. The site where fluorescence is generated can be
specified on the basis of the overlapping image of the
transmission image and the fluorescence image. More-
over, the position (distribution), amount, and area of the
fluorescent substance in the living organism, organ, or

tissue can be studied and confirmed on the basis of the
overlapping image of the transmission image and the flu-
orescence image by obtaining a transmission image and
a fluorescence image by capturing an external image of
the living organism, organ, or tissue.
[0197] Moreover, the image-capturing device 230 cap-
tures a fluorescence image, the image-processing unit
250 produces an overlapping image of the fluorescence
image and a differential image of the fluorescence image,
and the display device 240 displays the overlapping im-
age of the fluorescence image and the differential image
of the fluorescence image as an image 245, as illustrated
in Fig.38. In other words, a fluorescence image and a
differential image of the fluorescence image are obtained
by capturing an external image of the living organism,
organ, or tissue, and the overlapping image of the fluo-
rescence image and the differential image of the fluores-
cence image is displayed on the display device 240. The
site where fluorescence is generated can be specified
on the basis of the overlapping image of the fluorescence
image and the differential image of the fluorescence im-
age. Moreover, the position (distribution), amount, and
area of the fluorescent substance in the living organism,
organ, or tissue can be studied and confirmed on the
basis of the overlapping image of the fluorescence image
and the differential image of the fluorescence image by
obtaining a fluorescence image by capturing an external
image of the living organism, organ, or tissue.
[0198] Moreover, the image-capturing device 230 cap-
tures a transmission image and a fluorescence image,
the image-processing unit 250 produces an overlapping
image of the fluorescence image and a differential image
of the transmission image, and the display device 240
displays the overlapping image of the fluorescence im-
age and the differential image of the transmission image
as the image 245, as illustrated in Fig. 38. In other words,
a fluorescence image and a transmission image are ob-
tained by capturing an external image of the living organ-
ism, organ, or tissue, and the overlapping image of the
fluorescence image and the differential image of the
transmission image is displayed on the display device
240. The site where fluorescence is generated can be
specified on the basis of the overlapping image of the
fluorescence image and the differential image of the
transmission image. Moreover, the position (distribution),
amount, and area of the fluorescent substance in the
living organism, organ, or tissue can be studied and con-
firmed on the basis of the overlapping image of the fluo-
rescence image and the differential image of the trans-
mission image by obtaining a transmission image and a
fluorescence image by capturing an external image of
the living organism, organ, or tissue.

Third Comparative Example

[0199] This example is directed to another examination
apparatus. Fig. 38 is a schematic view illustrating the
structure of an examination apparatus according to a

41 42 



EP 1 731 941 B1

23

5

10

15

20

25

30

35

40

45

50

55

tenth third example useful for understanding the present
invention. The examination apparatus according to this
example is similar to that according to the first example
illustrated in Fig. 38. The components illustrated in Fig.
38 that are represented by the same reference numerals
as the components illustrated in Fig. 34 are same com-
ponents, and detailed descriptions thereof are omitted.
[0200] As illustrated in Fig. 38, a living organism, or-
gan, or tissue according to this example is a piece of
fresh cow liver tissue 295 that has just been cut off. A
light-emitting unit 216 constituted of a fiber bundle is
pressed against the cow liver tissue 295. The examina-
tion apparatus according to this example differs from that
according to the first example in that an illumination op-
tical system for externally illuminating the living organism,
organ, or tissue is not included. The remaining structure
of the examination apparatus according to this example
is the same as the structure of the examination apparatus
according to the first example.
[0201] Fig. 39 is a flow chart illustrating the examina-
tion process carried out by the examination apparatus
according to this example. The examination process ac-
cording Fig. 39 carried out by the examination apparatus
according to this example will be described below.
[0202] In advance, a plurality of filters having different
transmission wavelength bands is installed in the illumi-
nation-light filter turret 214 so that a living organism, or-
gan, or tissue can be internally illuminated with various
types of excitation light having different wavelength by
switching the filters to be disposed in the optical path
using the illumination-light filter turret 214.
[0203] The excitation wavelength of the (one or more)
fluorescent dyes or the (one or more) fluorescent proteins
used in the living organism, organ, or tissue, i.e., the cow
liver tissue 295, is determined (SB1). The spectroscopic
characteristic data of the absorption wavelength of the
fluorescent dye or the fluorescent protein is stored in the
examination apparatus (for example, a hard disk in the
image-processing unit 250) in advance, or, if a site dyed
only with a specific fluorescent substance, i.e., the fluo-
rescent dye or the fluorescent protein, is known in ad-
vance, the site can be actually measured.
[0204] Next, the living organism, organ, or tissue, i.e.,
the cow liver tissue 295, is excited with excitation light
having a wavelength similar to the peak of the determined
spectroscopic characteristic of the absorption wave-
length of the fluorescent dye or the fluorescent protein
so as to capture a fluorescence image with the external
image-capturing device 230 the living organism, organ,
or tissue, i.e., the cow liver tissue 295 (SB2).
[0205] The filter of the illumination-light filter turret 214
is switched to excite the living organism, organ, or tissue,
i.e., the cow liver tissue 295, with another excitation beam
having a different wavelength similar to the peak of the
determined spectroscopic characteristic of the absorp-
tion wavelength of another fluorescent dye or another
fluorescent protein, and another fluorescence image is
captured with the image-capturing device 230 (SB3). In

other words, an excitation beam having a different wave-
length is used for excitation and for obtaining a different
fluorescence image.
[0206] If required, step SB3 (changing the wavelength
of the excitation beam and capturing an image) is repeat-
ed (SB4).
[0207] A true fluorescence image is obtained by cal-
culation based on the image data for the plurality of flu-
orescence images obtained (SB5). The true fluores-
cence image is obtained by comparing the actual meas-
urement data with the spectroscopic data of the absorp-
tion wavelength for each fluorescent substance being
used and separating (identifying) the fluorescence for
each fluorescent substance. The true fluorescence im-
age obtained this way will have fewer errors in brightness
as the number of fluorescence images obtained and used
for calculation increases, but, at the same time, photo-
bleaching of the fluorescent dye or the fluorescent protein
increases.
[0208] The obtained true fluorescence image is dis-
played on the display device 240 (SB6).
[0209] If required, the obtained true fluorescence im-
age is stored in the image-recording unit 251 of the im-
age-processing unit 250 (SB7).
[0210] By carrying out such processing, a plurality of
true fluorescence images corresponding to the fluores-
cent substances can be obtained. A true fluorescence
image of a specific fluorescent substance can be ob-
tained by determining, in advance, the spectral charac-
teristic of the absorption wavelength of autofluorescence
and separating the autofluorescence by carrying out a
process similar to the process of separating the fluores-
cence for each fluorescent substance.
[0211]  As described above, with this example, for ex-
ample, the illumination device 210 internally illuminates
a living organism, organ, or tissue with various types of
excitation beams having different wavelengths, and the
image-processing unit 250 separates a plurality of fluo-
rescence beams corresponding to the types of excitation
beams on the basis of image signals of the plurality of
fluorescence images captured by the image-capturing
device 230. More specifically, a plurality of fluorescence
images are obtained by internally illuminating the living
organism, organ, or tissue with various types of excitation
beams having different wavelengths and separating a
plurality of fluorescence beams corresponding to differ-
ent types of excitation beams on the basis of the plurality
of fluorescence images obtained by capturing external
images of the living organism, organ, or tissue. In this
way, a plurality of optimal fluorescence images (true flu-
orescence images) with the unwanted fluorescence com-
ponents being removed can be obtained. Furthermore,
based on this, the position (distribution), the amount, and
area of the fluorescent substance in the living organism,
organ, or tissue can be studied and confirmed.
[0212] The illumination device 210 internally illumi-
nates a living organism, organ, or tissue with various
types of excitation beams having different wavelengths,
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and the image-processing device 250 produces at least
one fluorescence image of the living organism, organ, or
tissue by separating autofluorescence of the living or-
ganism, organ, or tissue on the basis of image signals of
the plurality of fluorescence images captured by the im-
age-capturing device 230. More specifically, at least one
fluorescence image of the living organism, organ, or tis-
sue is obtained by internally illuminating the living organ-
ism, organ, or tissue with a various types of excitation
light having different wavelength and separating autoflu-
orescence of the living organism, organ, or tissue on the
basis of the plurality of fluorescence images obtained by
capturing external images of the living organism, organ,
or tissue. In this way, an optimal fluorescence image (true
fluorescence image) with the autofluorescence compo-
nent being removed can be obtained. Furthermore,
based on this, the position (distribution), amount, and
area of the fluorescent substance in the living organism,
organ, or tissue can be studied and confirmed.
[0213] Fig. 40 is another flow chart illustrating the ex-
amination process carried out by the examination appa-
ratus according to this example. The examination proc-
ess according Fig. 40 carried out by the examination ap-
paratus according to this example will be described be-
low.
[0214]  In advance, a plurality of filters having different
transmission wavelength bands is installed in the light-re-
ception filter turret 234 so that a plurality of fluorescence
images having different wavelengths can be selectively
captured by switching the filters disposed in the optical
path using the light-reception filter turret 234.
[0215] The excitation wavelength of the (one or more)
fluorescent dyes or the (one or more) fluorescent proteins
used in the living organism, organ, or tissue, i.e., the cow
liver tissue 295, is determined (SC1). The spectroscopic
characteristic of the fluorescence wavelength of the flu-
orescent dye or the fluorescent protein is stored in the
examination apparatus (for example, a hard disk in the
image-processing unit 250) in advance, or, if a site dyed
only with a specific fluorescent substance, i.e., the fluo-
rescent dye or the fluorescent protein, is known in ad-
vance, the site can be actually measured.
[0216] Next, the living organism, organ, or tissue, i.e.,
the cow liver tissue 295, is excited with an excitation
beam having a specific wavelength, and a fluorescence
image is captured by the image-capturing device 230 dis-
posed outside the living organism, organ, or tissue, i.e.,
the cow liver tissue 295, through a filter having a trans-
mission wavelength band similar to the peak of the spec-
troscopic characteristic of the fluorescence wavelength
of the determined fluorescent dye or fluorescent protein
(SC2).
[0217] The filter of the light-reception filter turret 234
is switched to capture another fluorescence image with
the image-capturing device 230 through another filter
having a transmission wavelength band similar to the
peak of the spectroscopic characteristic of the fluores-
cence wavelength of the determined fluorescent dye or

fluorescent protein (SC3). In other words, the wavelength
of the light incident on the image-capturing element 235
is changed to obtain another fluorescence image.
[0218] If required, step SC3 (changing the wavelength
of the light incident on the image-capturing element 235
and capturing an image) is repeated (SC4).
[0219] A true fluorescence image is obtained by cal-
culation based on the image data for the plurality of flu-
orescence images obtained (SC5). The true fluores-
cence image is obtained by comparing the actual meas-
urement data with the spectroscopic data of the fluores-
cent wavelength for each fluorescent substance being
used and separating (identifying) the fluorescence for
each fluorescent substance. The true fluorescence im-
age obtained this way will have fewer errors in brightness
as the number of fluorescence images obtained and used
for calculation increases, but, at the same time, photo-
bleaching of the fluorescent dye or the fluorescent protein
increases.
[0220] The obtained true fluorescence image is dis-
played on the display device 240 (SC6).
[0221] If required, the obtained true fluorescence im-
age is stored in the image-recording unit 251 of the im-
age-processing unit 250 (SC7).
[0222] By carrying out such processing, a plurality of
true fluorescence images corresponding to the fluores-
cent substances can be obtained. A specific true fluores-
cence image of a specific fluorescent substance can be
obtained by determining the spectral characteristic of the
absorption wavelength of autofluorescence in advance
and separating the autofluorescence by carrying out a
process similar to the process of separating the fluores-
cence for each fluorescent substance.
[0223] As described above, with this example, for ex-
ample, the illumination device 210 internally illuminates
a living organism, organ, or tissue with an excitation beam
having a specific wavelength; the image-capturing de-
vice 230 captures images in different wavelength bands;
and the image-processing unit 250 separates at least two
fluorescence components corresponding to at least two
fluorescent substances on the basis of image signals of
the plurality of fluorescence images captured by the im-
age-capturing device 230 and produces at least two flu-
orescence images of the living organism, organ, or tis-
sue. More specifically, at least two fluorescence images
of the living organism, organ, or tissue are obtained by
internally illuminating the living organism, organ, or tissue
with an excitation beam having a specific wavelength and
separating at least two fluorescence components corre-
sponding to at least two fluorescent substances on the
basis of the plurality of fluorescence images obtained by
capturing external images of the living organism, organ,
or tissue through a plurality of filters having different
transmission wavelength bands. In this way, a plurality
of optimal fluorescence images (true fluorescence imag-
es) with the unwanted fluorescence components being
removed can be obtained. Furthermore, based on this,
the position (distribution), the amount, and/or the area of
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the fluorescent substances in the living organism, organ,
or tissue can be studied and/or confirmed.
[0224]  Furthermore, the illumination device 210 inter-
nally illuminates a living organism, organ, or tissue with
an excitation beam having a specific wavelength; the im-
age-capturing device 230 captures images in different
wavelength bands; and the image-processing unit 250
separates autofluorescence of the living organism, or-
gan, or tissue on the basis of image signals of the plurality
of fluorescence images captured by the image-capturing
device 230 and produces at least one fluorescence im-
age of the living organism, organ, or tissue. More specif-
ically, at least one fluorescence image of the living or-
ganism, organ, or tissue is obtained by internally illumi-
nating the living organism, organ, or tissue with an exci-
tation beam having a specific wavelength and separating
the autofluorescence of the living organism, organ, or
tissue on the basis of the plurality of fluorescence images
obtained by capturing external images of the living or-
ganism, organ, or tissue through a plurality of filters hav-
ing different transmission wavelength bands. In this way,
an optimal fluorescence image (true fluorescence image)
with the autofluorescence components being removed
can be obtained. Furthermore, based on this, the position
(distribution), amount, and area of the fluorescent sub-
stance in the living organism, organ, or tissue can be
studied and confirmed.

Fourth Comparative Example

[0225] This example is directed to another examination
apparatus. Fig. 41 is a schematic view illustrating the
structure of an examination apparatus according to an
eleventh fourth example useful for understanding the
present invention. The examination apparatus according
to this example is similar to that according to the first
example illustrated in Fig. 34. The components illustrated
in Fig. 41 that are represented by the same reference
numerals as the components illustrated in Fig. 34 are the
same components, and detailed descriptions thereof are
omitted.
[0226] Instead of the illumination device 210 according
to the first example, the examination apparatus according
to this example includes another illumination device 310,
as illustrated in Fig. 41. The illumination device 310 in-
cludes a laser combiner 311 to which a plurality of lasers
generating an illumination beam or excitation beam can
be attached, a light-emitting unit 316 that can be guided
into a living organism, organ, or tissue, a biological en-
doscope device 320 for guiding the illumination beam or
the excitation beam to the light-emitting unit 316 and for
producing an image by receiving light from the light-emit-
ting unit 316, and a light-receiving unit 319 including an
image-capturing element for photoelectrically converting
the optical image produced by the biological endoscope
device 320.
[0227] An argon laser, a helium ion laser, a laser diode,
or the like can be attached on the laser combiner 311.

The biological endoscope device 320 guides the illumi-
nation beam or the excitation beam from the laser com-
biner 311 to the light-emitting unit 316. The light-emitting
unit 316 is constituted of, for example, a fiber bundle and
emits the illumination beam or the excitation beam sup-
plied from the biological endoscope device 320.
[0228] The biological endoscope device 320 includes
a confocal scanning optical system for optically examin-
ing a living organism, organ, or tissue through the
light-emitting unit 316. The confocal scanning optical sys-
tem includes a galvanometer mirror 322 as a scanning
unit and a pinhole provided at a point confocal with the
examination surface, i.e., the focal point of the emitted
beam. The beam emitted from the light-emitting unit 316
is two-dimensionally scanned by the galvanometer mirror
322 while only light near the examination surface is se-
lectively received through the pinhole to form an image.
In this way, a desirable optical image of the examination
surface can be obtained without being affected by un-
wanted light entering the light-emitting unit 316 from sites
further away from the examination surface.
[0229]  The examination apparatus further includes a
controller 262 for controlling an image-forming optical
system turret 231 and a light-reception filter turret 234,
and a controller 264 for controlling the laser combiner
311 and the galvanometer mirror 322.
[0230] According to this example, a transmission im-
age or a fluorescence image is obtained by internally
illuminating a living organism, organ, or tissue, i.e.,
mouse 291, by emitting an illumination beam or excitation
beam from the light-emitting unit 316 and capturing an
external image of the living organism, organ, or tissue,
i.e., the mouse 291, with the external image-capturing
device 230, and an optical image (reflection image or
fluorescence image) is obtained by capturing an internal
image of the living organism, organ, or tissue, i.e., the
mouse 291, with the biological endoscope device 320. A
display device 240 displays an image 246, that is, a trans-
mission image or a fluorescence image obtained by the
image-capturing device 230 and an image 247, that is,
an optical image obtained by the biological endoscope
device 320.
[0231] Since the optical image obtained by capturing
an internal image of the living organism, organ, or tissue,
i.e., mouse 291, is imaged by the confocal optical system,
the optical image is substantially unaffected by unwanted
light generated by reflection and/or diffusion of the illu-
mination beam or excitation beam emitted from the light-
emitting unit 316 at the inner surface of the living organ-
ism, organ, or tissue, i.e., mouse 291.
[0232] As described above, with this example, the illu-
mination device 310 has a function of internally illuminat-
ing a living organism, organ, or tissue and a function of
capturing an internal image of the living organism, organ,
or tissue. The display device 240 displays an image pro-
duced by capturing an external image of the living organ-
ism, organ, or tissue and an image produced by capturing
an internal image of the living organism, organ, or tissue.
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More specifically, in addition to an external image of the
living organism, organ, or tissue, an internal image of the
living organism, organ, or tissue is captured, and the im-
age produced by capturing an external image of the living
organism, organ, or tissue and the image produced by
capturing an internal image of living organism, the organ,
or the tissue are displayed on the display device 240. In
this way, the distribution of the target molecules within a
wide region of the living organism, organ, or tissue can
be easily compared with the distribution of the target mol-
ecules in the living organism, the organ, or tissue at tissue
level or a cell level. Moreover, the changes over time in
the amount and the area of a fluorescent substance can
be easily compared and studied by examining the micro-
scopic and macroscopic changes in the amounts and/or
the areas of the fluorescent substance in the living or-
ganism, organ, or tissue by using a fluorescence image
produced by capturing an external image of the living
organism, organ, or tissue and a fluorescence image pro-
duced by capturing an internal image of the living organ-
ism, organ, or tissue.
[0233] The examination apparatus according to this
example may employ experimental methods known as
fluorescence resonance energy transfer (FRET) and bi-
oluminescence resonance energy transfer (BRET), for
determining the interaction of biomolecules.
[0234] FRET and BRET are methods using "reso-
nance energy transfer (RET)" to detect whether or not
two substances (donor and acceptor) are in a state sig-
nificantly close to each other (or in a bonding state). When
the donor is a fluorescent substance, the method is re-
ferred to as FRET, and CFP (fluorescent protein) is used
as the donor, whereas YFP (fluorescent protein) or a
quencher is used as the acceptor. When the donor is a
bioluminescence substance, the method is referred to as
BRET, and luciferase (bioluminescent substance) is
used as the donor, whereas YFP (fluorescent protein) or
a quencher is used as the acceptor.
[0235] When a substance (acceptor) capable of caus-
ing resonance energy transfer to the donor is present
near the donor (at a distance where physiological inter-
action occurs), resonance energy transfer occurs be-
tween the two substances, causing the peak of the fluo-
rescent wavelength to shift or the brightness of the fluo-
rescence to change. At this time, the donor and the ac-
ceptor are referred to as being bonded (correlated).
When the acceptor is not present near the donor, the
donor and the acceptor are referred to as not being bond-
ed (not correlated).
[0236] By examining the fluorescence image obtained
by the examination apparatus according to this example,
it can be detected whether or not two substances (donor
and acceptor) are in the bonded state. In this way, for
example, an examination can be carried out to detect
whether a medicine is working by bonding to a diseased
area.
[0237] More specifically, when the examination appa-
ratus according to this example is applied to FRET or

BRET, an illumination device internally illuminates a liv-
ing organism, organ, or tissue including a first substance,
such as a fluorescent dye or a bioluminescent substance,
and a second substance that causes resonance energy
transfer when bonded with the first substance, and an
image-processing unit detects the correlation and/or
bonding of molecules in a living organism, organ, or tis-
sue on the basis of an image signal of a fluorescence
image captured by an image-capturing device. In other
words, the correlation and/or bonding of molecules in a
living organism, organ, or tissue is detected on the basis
of a fluorescence image obtained by capturing an exter-
nal image of a living organism, organ, or tissue, including
a first substance and a second substance that causes
resonance energy transfer when bonded with the first
substance. In this way, the molecular reaction in a living
organism, organ, or tissue can be visualized.

Fifth Comparative Example

[0238] This example is directed to another examination
apparatus. Fig. 42 is a schematic view illustrating the
structure of an examination apparatus according to a
twelfth fifth example useful for understanding the present
invention. The examination apparatus according to this
example is similar to that according to the first example
illustrated in Fig. 34. The components illustrated in Fig.
42 that are represented by the same reference numerals
as the components illustrated in Fig. 34 are same com-
ponents, and detailed descriptions thereof are omitted.
[0239] Instead of the light-emitting unit 216 according
to the first example, the examination apparatus according
to this example includes an illumination device 210A hav-
ing a plurality of light-emitting units for externally emitting
an illumination beam or excitation beam, e.g., two light-
emitting units 217 and 218, as shown in Fig. 42. The light-
emitting units 217 and 218 can both be guided into a
living organism, organ, or tissue. The illumination device
210A, illustrated in Fig. 42, includes two light-emitting
units 217 and 218. However, the number of light-emitting
units is not limited, and three or more light emitting units
may be included.
[0240] Similar to the first example, the light-emitting
units 217 and 218 are constituted of but not limited to,
for example, fiber bundles. The living organism, organ,
or tissue according to this example is a mouse 291. The
light-emitting unit 217 is inserted into the mouse 291
through the mouth, whereas the light-emitting unit 218 is
inserted into the mouse 291 through the anus.
[0241] Illumination beams or excitation beams are
emitted from the two light-emitting units 217 and 218 so
as to internally illuminate the mouse 291.
[0242]  As described above, with this example, a living
organism, organ, or tissue is internally illuminated by
guiding a plurality of light-emitting units 216 that exter-
nally emit illumination beams or excitation beams into
the living organism, organ, or tissue. In this way, a wide
region of the living organism, organ, or tissue, i.e., mouse
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291, can be internally illuminated.

Sixth Comparative Example

[0243] This example is directed to another examination
apparatus. Fig. 43 is a schematic view illustrating the
structure of an examination apparatus according to a thir-
teenth sixth example useful for understanding the
present invention. The examination apparatus according
to this example is similar to that according to the fourth
example illustrated in Fig. 41. The components illustrated
in Fig. 43 that are represented by the same reference
numerals as the components illustrated in Fig. 41 are the
same components, and detailed descriptions thereof are
omitted.
[0244] In addition to the illumination device 310 accord-
ing to the fourth example, the examination apparatus ac-
cording to this example includes an illumination device
310A having an illumination optical system 370, as
shown in Fig. 43. The illumination optical system 370
includes a light source 371 for generating an illumination
beam or excitation beam and a light-emitting unit 372 for
externally emitting the illumination beam or excitation
beam. The light-emitting unit 372 can be guided into a
living organism, organ, or tissue.
[0245] The light source 371 is constituted of but not
limited to, for example, a xenon lamp, a mercury lamp,
or a halogen lamp. The light-emitting unit 372 is consti-
tuted of but not limited to, for example, a fiber bundle.
[0246] More specifically, the illumination device 310A
includes a plurality of light-emitting units for externally
emitting illumination beams or excitation beams, such as
a light-emitting unit 316 and the light-emitting unit 372.
The light-emitting unit 316 and the light-emitting unit 372
can both be guided into a living organism, organ, or tis-
sue.
[0247] The living organism, organ, or tissue according
to this example is a mouse 291. The light-emitting unit
316 of a biological endoscope device 320 is inserted into
the mouse 291 through the mouth, whereas the
light-emitting unit 372 of the illumination optical system
370 is inserted into the mouse 291 through the anus.
[0248] An illumination beam or excitation beam is emit-
ted from the light-emitting unit 316 and the light-emitting
unit 372 so as to internally illuminate the mouse 291.
[0249] As described above, with this example, a living
organism, organ, or tissue is internally illuminated by
guiding a plurality of light-emitting units 216 that exter-
nally emit an illumination beam or excitation beam into
the living organism, organ, or tissue. In this way, a wide
region of the living organism, organ, or tissue, i.e., mouse
291, can be internally illuminated.

Seventh Comparative Example

[0250] This example is directed to another examination
apparatus. Fig. 44 is a schematic view illustrating the
structure of an examination apparatus according to a

fourteenth seventh example useful for understanding the
present invention. The examination apparatus according
to this example is similar to that according to the first
example illustrated in Fig. 34. The components illustrated
in Fig. 44 that are represented by the same reference
numerals as the components illustrated in Fig. 34 are the
same components, and detailed descriptions thereof are
omitted.
[0251] As illustrated in Fig. 44, in the examination ap-
paratus according to this example, an illumination device
210 further includes a balloon for diffusing light at the tip
of a light-emitting unit 216.
[0252] In this examination apparatus, an illumination
beam or excitation beam emitted from the light-emitting
unit 216 is diffused at the balloon and is incident on a
living organism, organ, or tissue, i.e., mouse 291.
[0253] More specifically, with this example, the illumi-
nation beam or excitation beam emitted from the
light-emitting unit 216 is diffused for illumination. In this
way, a wide region of the living organism, organ, or tissue
can be internally illuminated.
The embodiments of the present invention have been
described with reference to the drawings. However, the
embodiments of the present invention are not limited
thereto, and various changes in shape may be made and
various modifications may be provided within the scope
of the invention.
[0254] The present invention is directed to an exami-
nation apparatus for examining a living organism, organ,
or tissue and includes the examination apparatuses ac-
cording to the following items.
[0255]  1. The examination apparatus according to the
present invention includes an illumination device for in-
ternally illuminating a living organism, organ, or tissue
and an image-capturing device for obtaining an optical
image i.e., at least one of a transmission image and a
fluorescence image, of the living organism, organ, or tis-
sue by capturing an external image of the living organism,
organ, or tissue. Here, to "guide" a light-emitting unit into
a living organism, organ, or tissue means to insert the
light-emitting unit into a cavity in the living organism, or-
gan, or tissue, to puncture the living organism, organ, or
tissue with the light-emitting unit, or to press the light-
emitting unit 216 against the living organism, organ, or
tissue.
[0256] With this examination apparatus, the living or-
ganism, organ, or tissue is internally illuminated. In this
way, the living organism, organ, or tissue can be efficient-
ly illuminated and examined at high resolution.
[0257] 2. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 1, the illumination device includes a light
source for emitting illumination light or excitation light and
a light-emitting unit for externally emitting illumination
light or excitation light, wherein the light-emitting unit can
be guided into the living organism, organ, or tissue.
[0258] In this examination apparatus, the living organ-
ism, organ, or tissue is internally illuminated by guiding
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the light-emitting unit into the living organism, organ, or
tissue and emitting illumination light or excitation light
from the light-emitting unit.
[0259] 3. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 2, the image-capturing device includes an
image-forming optical system for imaging the light from
a living organism, organ, or tissue and an image-captur-
ing element for generating an image signal by photoe-
lectrically converting the optical image produced by the
image-forming optical system. The examination appara-
tus further includes a display device for displaying an
image and an image-processing unit for producing an
image to be displayed on the display device by process-
ing the image signal from the image-capturing device.
[0260] 4. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the image-processing unit further includes
an image-recording unit for recording an image.
[0261]  5. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 2, the illumination device further includes a
control unit for controlling the emission of illumination
light or excitation light from the light-emitting unit.
[0262] 6. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 2, the illumination device further includes a
switching unit for switching the wavelength of illumination
light or excitation light emitted from the light-emitting unit.
[0263] With this examination apparatus, a living organ-
ism, organ, or tissue can be internally illuminated with
excitation light having a wavelength corresponding to a
fluorescent protein, such as green florescent protein
(GFP), DsRed, RFP, CFP, YFP, or Kaede, or a fluores-
cent dye, such as FITC, Alexa Fluor 488, Alexa Fluor
647, Alexa Fluor 660, Alexa Fluor 680, Alexa Fluor 700,
Alexa Fluor 750, Rhodamine, Texas Red, Cy5, Cy5.5,
Cy7, IRDye750, or ICG.
[0264] 7. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the illumination device has an image-cap-
turing function for capturing an internal image of a living
organism, organ, or tissue.
[0265] With this examination apparatus, distribution of
target molecules within a wide region of a living organism,
organ, or tissue and a high-resolution distribution of tar-
get molecules in the living organism, the organ, or tissue
at the tissue level or cell level can be confirmed.
[0266] 8. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 7, the display device displays an image ob-
tained by capturing an external image of a living organ-
ism, organ, or tissue and an image obtained by capturing
an internal image of the living organism, organ, or tissue.
[0267] With this examination apparatus, distribution of
target molecules within a wide region of a living organism,
organ, or tissue and the distribution of target molecules
in the living organism, the organ, or tissue at the tissue

level or cell level can be easily compared.
[0268] 9. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the image-capturing device obtains a trans-
mission image and a fluorescence image, the image-
processing unit produces a transmission image and a
fluorescence image, and the display device displays the
transmission image and the fluorescence image adjacent
to each other.
[0269] With this examination apparatus, a site gener-
ating fluorescence can be identified by comparing the
fluorescence image and the transmission image.
[0270] 10. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the image-capturing device obtains a trans-
mission image and a fluorescence image, the image-
processing unit produces an overlapping image of the
transmission image and the fluorescence image, and the
display device displays the overlapping image of the
transmission image and the fluorescence image.
[0271] With this examination apparatus, a site gener-
ating fluorescence can be identified on the basis of the
overlapping image of the transmission image and the flu-
orescence image.
[0272] 11. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the image-capturing device obtains a fluo-
rescence image, the image-processing unit produces a
fluorescence image and a differential image of the fluo-
rescence image, and the display device displays the flu-
orescence image and the differential image of the fluo-
rescence image adjacent to each other.
[0273] Since a differential image shows diffused light
generated by the refractive-index distribution in a living
organism, organ, or tissue converted into contrast, the
shape of the living organism, organ, or tissue can be rec-
ognized.
[0274] With this examination apparatus, a site gener-
ating fluorescence can be identified by comparing the
fluorescence image and the differential image of the flu-
orescence image.
[0275] 12. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the image-capturing device obtains a fluo-
rescence image, the image-processing unit produces an
overlapping image of the fluorescence image and a dif-
ferential image of the fluorescence image, and the dis-
play device displays the overlapping image of the fluo-
rescence image and the differential image of the fluores-
cence image.
[0276] With this examination apparatus, a site gener-
ating fluorescence can be identified on the basis of the
overlapping image of the fluorescence image and the
differential image of the fluorescence image.
[0277] 13. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the image-capturing device obtains a trans-
mission image and a fluorescence image, the image-
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processing unit produces a fluorescence image and a
differential image of the transmission image, and the dis-
play device displays the fluorescence image and the dif-
ferential image of the transmission image adjacent to
each other.
[0278] With this examination apparatus, a site gener-
ating fluorescence can be identified by comparing the
fluorescence image and the differential image of the
transmission image.
[0279] 14. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the image-capturing device obtains a trans-
mission image and a fluorescence image, the image-
processing unit produces an overlapping image of the
fluorescence image and a differential image of the trans-
mission image, and the display device displays the over-
lapping image of the fluorescence image and the differ-
ential image of the transmission image.
[0280] With this examination apparatus, a site gener-
ating fluorescence can be identified on the basis of the
overlapping image of the fluorescence image and the
differential image of the transmission image.
[0281] 15. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the illumination device includes a switching
unit for switching the wavelength of excitation light emit-
ted from the light-emitting unit. The illumination device
internally illuminates a living organism, organ, or tissue
with various types of excitation light having different
wavelengths, and the image-processing unit separates
a plurality of fluorescence beams corresponding to the
types of excitation light on the basis of image signals of
a plurality of fluorescence images captured by the image-
capturing device and produces a plurality of fluorescence
images.
[0282] With this examination apparatus, the distribu-
tion and amount of fluorescent substances can be con-
firmed.
[0283] 16. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the illumination device includes a switching
unit for switching the wavelength of excitation light emit-
ted from the light-emitting unit. The illumination device
internally illuminates a living organism, organ, or tissue
with various types of excitation light having different
wavelengths, and the image-processing unit separates
autofluorescence of the living organism, organ, or tissue
on the basis of image signals of a plurality of fluorescence
images captured by the image-capturing device and pro-
duces at least one fluorescence image.
[0284] With this examination apparatus, the distribu-
tion and amount of fluorescent substances can be con-
firmed.
[0285] 17. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the illumination device includes a switching
unit for switching the wavelength of fluorescence light
emitted from the light-emitting unit. The illumination de-

vice internally illuminates a living organism, organ, or tis-
sue with excitation light having a specific wavelength, the
image-capturing device captures images in different
wavelength bands, and the image-processing unit sep-
arates at least two fluorescence components corre-
sponding to at least two fluorescent substances on the
basis of image signals of a plurality of fluorescence im-
ages captured by the image-capturing device and pro-
duces at least two fluorescence images of the living or-
ganism, organ, or tissue.
[0286] With this examination apparatus, the distribu-
tion and amount of fluorescent substances can be con-
firmed.
[0287] 18. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the illumination device includes a switching
unit for switching the wavelength of the fluorescence in-
cident on the image-capturing element. The illumination
device internally illuminates a living organism, organ, or
tissue with excitation light having a specific wavelength,
the image-capturing device captures images in different
wavelength bands, and the image-processing unit sep-
arates autofluorescence of the living organism, organ, or
tissue on the basis of image signals of a plurality of flu-
orescence images captured by the image-capturing de-
vice and produces at least one fluorescence image of
the living organism, organ, or tissue.
[0288] With this examination apparatus, the distribu-
tion and amount of fluorescent substances can be con-
firmed.
[0289] In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 3, the illumination device internally illuminates
a living organism, organ, or tissue that includes a first
substance and a second substance that causes reso-
nance energy transfer when bonded with the first sub-
stance, and the image-processing unit detects the cor-
relation and the bonding of molecules in the living organ-
ism, organ, or tissue on the basis of image signals of
fluorescence images captured by the image-capturing
device.
[0290] With this examination apparatus, by obtaining
a fluorescence image by using a substance that causes
resonance energy transfer when bonded with a fluores-
cent substance, the molecular reaction in the living or-
ganism, organ, or tissue can be visualized.
[0291] 20. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 1, the illumination device includes a plurality
of light-emitting units for externally emitting illumination
light or excitation light. The light-emitting unit can be guid-
ed in to a living organism, organ, or tissue.
[0292] With this examination apparatus, a wide region
of a living organism, organ, or tissue can be illuminated.
[0293] 21. In another examination apparatus of the
present invention, in the examination apparatus accord-
ing to Item 2, the illumination device includes a balloon
that is disposed at the tip of a light-emitting unit and that
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diffuses light.
[0294] With this examination apparatus, a wide region
of the living organism, organ, or tissue is illuminated since
the illuminating light or excitation light emitted from the
light-emitting unit is diffused at the balloon.
[0295] 22. In the examination apparatus according to
Item 1, "living organism" is a living mammal selected from
the group consisting of mouse, rat, rabbit, cat, dog, pig,
cow, sheep, goat, horse, monkey, gorilla, chimpanzee,
and human.
[0296] 23. In the examination apparatus according to
Item 1, "organ" is an organ selected from the group con-
sisting of brain, lung, liver, spleen, bone marrow, thymus,
heart, lymph, blood, bone, cartilage, pancreas, liver, gall
bladder, stomach, intestine, testis, ovary, uterus, rectum,
nervous system, gland, and blood vessel.
[0297] 24. In the examination apparatus according to
Item 1, "tissue" is a three-dimensional structure of a plu-
rality of cells.
[0298]  The present invention is directed to an exami-
nation method for a living organism, organ, or tissue and
includes the examination methods according to the fol-
lowing items.
[0299] 25. With the examination method according to
the present invention, a living organism, organ, or tissue
is internally illuminated, and an external image of the liv-
ing organism, organ, or tissue is captured.
[0300] 26. In another examination method according
to the present invention, a light-emitting unit for externally
emitting illumination light or excitation light is guided into
a living organism, organ, or tissue, the living organism,
organ, or tissue is internally illuminated by emitting illu-
mination light or excitation light from the light-emitting
unit, an optical image, that is, at least one of a transmis-
sion image and a fluorescence image, of the living or-
ganism, organ, or tissue is obtained by capturing an ex-
ternal image of the living organism, organ, or tissue, and
the obtained optical image is displayed on a display de-
vice.
[0301] 27. In another examination method of the
present invention, in the examination method according
to Item 26, the light-emitting unit is inserted into a cavity
of a living organism, organ, or tissue.
[0302] 28. In another examination method of the
present invention, in the examination method according
to Item 26, the light-emitting unit penetrates a living or-
ganism, organ, or tissue.
[0303] 29. In another examination method of the
present invention, in the examination method according
to Item 26, the light-emitting unit is pushed against a living
organism, organ, or tissue.
[0304] 30. In another examination method of the
present invention, in the examination method according
to Item 27, the light-emitting unit is inserted into the
mouth, nose, uterine cavity, anus, or ear of a living or-
ganism for illumination.
[0305] 31. In another examination method of the
present invention, in the examination method according

to Item 26, an internal image of the living organism, organ,
or tissue is also obtained, and the image obtained by
capturing an external image of the living organism, organ,
or tissue, and the image obtained by capturing an internal
image of living organism, organ, or tissue are displayed
on the display device.
[0306] 32. In another examination method of the
present invention, in the examination method according
to Item 26, a transmission image and a fluorescence im-
age are obtained by capturing an external image of a
living organism, organ, or tissue, and the transmission
image and the fluorescence image are displayed adja-
cent to each other on the display device.
[0307] 33. In another examination method of the
present invention, in the examination method according
to Item 26, a transmission image and a fluorescence im-
age are obtained by capturing an external image of a
living organism, organ, or tissue, and an overlapping im-
age of the transmission image and the fluorescence im-
age is displayed on the display device.
[0308] 34. In another examination method of the
present invention, in the examination method according
to Item 26, a fluorescence image is obtained by capturing
an external image of the living organism, organ, or tissue,
and the fluorescence image and a differential image of
the fluorescence image are displayed adjacent to each
other on the display device.
[0309] 35. In another examination method of the
present invention, in the examination method according
to Item 26, a fluorescence image is obtained by capturing
an external image of the living organism, organ, or tissue,
and an overlapping image of the fluorescence image and
a differential image of the fluorescence image is dis-
played on the display device.
[0310] 36. In another examination method of the
present invention, in the examination method according
to Item 26, a transmission image and a fluorescence im-
age are obtained by capturing an external image of the
living organism, organ, or tissue, and the fluorescence
image and a differential image of the transmission image
are displayed adjacent to each other on the display de-
vice.
[0311] 37. In another examination method of the
present invention, in the examination method according
to Item 26, a transmission image and a fluorescence im-
age are obtained by capturing an external image of the
living organism, organ, or tissue, and an overlapping im-
age of the fluorescence image and a differential image
of the transmission image is displayed on the display
device.
[0312] 38. In another examination method of the
present invention, in the examination method according
to Item 26, a living organism, organ, or tissue is internally
illuminated with various types of excitation light having
different wavelengths, and a plurality of fluorescence im-
ages are obtained by separating a plurality of fluores-
cence components corresponding to the types of excita-
tion light on the basis of the plurality of fluorescence im-
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ages obtained by capturing external images of the living
organism, organ, or tissue.
[0313] 39. In another examination method of the
present invention, in the examination method according
to Item 26, a living organism, organ, or tissue is internally
illuminated with various types of excitation light having
different wavelengths, and at least one fluorescence im-
age is obtained by separating autofluorescence of the
living organism, organ, or tissue on the basis of the plu-
rality of fluorescence images obtained by capturing an
external image of the living organism, organ, or tissue.
[0314] 40. In another examination method of the
present invention, in the examination method according
to Item 26, a living organism, organ, or tissue is internally
illuminated with excitation light having a specific wave-
length, and at least two fluorescence images of the living
organism, organ, or tissue are obtained by separating at
least two fluorescence components corresponding to at
least two fluorescent substances on the basis of a plu-
rality of fluorescence images obtained by capturing ex-
ternal images of the living organism, organ, or tissue
through a plurality of filters having different transmission
wavelength bands.
[0315]  41. In another examination method of the
present invention, in the examination method according
to Item 26, a living organism, organ, or tissue is internally
illuminated with excitation light having a specific wave-
length, and at least one fluorescence image of the living
organism, organ, or tissue is obtained by separating
autofluorescence of the living organism, organ, or tissue
on the basis of a plurality of fluorescence images ob-
tained by capturing external images of the living organ-
ism, organ, or tissue through a plurality of filters having
different transmission wavelength bands.
[0316] 42. In another examination method of the
present invention, in the examination method according
to Item 26, the correlation and the bonding of molecules
in the living organism, organ, or tissue are detected on
the basis of a fluorescence image obtained by capturing
an external image of the living organism, organ, or tissue,
including a first substance and a second substance that
causes resonance energy transfer when bonded with the
first substance.
[0317] 43. In another examination method of the
present invention, in the examination method according
to Item 25, a plurality of light-emitting units for externally
emitting illumination light or excitation light is inserted in
a living organism, organ, or tissue to internally illuminate
the living organism, organ, or tissue.
[0318] 44. In another examination method of the
present invention, in the examination method according
to Item 26, illumination light or excitation light emitted
from the light-emitting unit is diffused for illumination.
[0319] 45. In the examination method according to Item
25, "living organism" is a living mammal selected from
the group consisting of mouse, rat, rabbit, cat, dog, pig,
cow, sheep, goat, horse, monkey, gorilla, chimpanzee,
and human.

[0320] 46. In another examination method of the
present invention, in the examination method according
to Item 25, "organ" is an organ selected from the group
consisting of brain, lung, liver, spleen, bone marrow, thy-
mus, heart, lymph, blood, bone, cartilage, pancreas, liver,
gall bladder, stomach, intestine, testis, ovary, uterus, rec-
tum, nervous system, gland, and blood vessel.
[0321] 47. In another examination method of the
present invention, in the examination method according
to Item 25, "tissue" is a three-dimensional structure of a
plurality of cells.
[0322]  The present invention is directed to an exper-
imental method using a living organism, organ, or tissue
and includes the experimental methods according to the
following items.
[0323] 48. In the experimental method according to the
present invention, a light-emitting unit for externally emit-
ting illumination light or excitation light is guided into a
living organism, organ, or tissue; the living organism, or-
gan, or tissue is internally illuminated by emitting illumi-
nation light or excitation light from the light-emitting unit;
a fluorescence image of the living organism, organ, or
tissue is obtained by capturing an external image of the
living organism, organ, or tissue; and the changes over
time in the amount and area of fluorescent substances
in the living organism, organ, or tissue are compared and
studied by comparing the obtained fluorescence image
with other images.
[0324] 49. In the experimental method of the present
invention, in the examination method according to Item
48, the changes over time in the amount and area of
fluorescent substances are compared and studied by fur-
ther obtaining a fluorescence image of the living organ-
ism, organ, or tissue by capturing an internal image of
the living organism, organ, or tissue, and examining the
microscopic and macroscopic changes in the amount
and area of fluorescent substances in the living organism,
organ, or tissue by using the fluorescence image ob-
tained by capturing an external image of the living organ-
ism, organ, or tissue and the fluorescence image ob-
tained by capturing an internal image of the living organ-
ism, organ, or tissue.
[0325] 50. In the experimental method of the present
invention, in the examination method according to Item
48, a transmission image and a fluorescence image are
obtained by capturing an external image of a living or-
ganism, organ, or tissue, and the position, amount, and
area of fluorescent substances in the living organism,
organ, or tissue are studied on the basis of the transmis-
sion image and the fluorescence image.
[0326] 51. In the experimental method of the present
invention, in the examination method according to Item
48, a transmission image and a fluorescence image are
obtained by capturing an external image of a living or-
ganism, organ, or tissue, and the position, amount, and
area of fluorescent substances in the living organism,
organ, or tissue are studied on the basis of an overlapping
image of the transmission image and the fluorescence
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image.
[0327] 52. In the experimental method of the present
invention, in the examination method according to Item
48, a fluorescence image is obtained by capturing an
external image of a living organism, organ, or tissue, and
the position, amount, and area of fluorescent substances
in the living organism, organ, or tissue are studied on the
basis of the fluorescence image and a differential image
of the fluorescence image.
[0328] 53. In the experimental method of the present
invention, in the examination method according to Item
48, a fluorescence image is obtained by capturing an
external image of a living organism, organ, or tissue, and
the position, amount, and area of fluorescent substances
in the living organism, organ, or tissue are studied on the
basis an overlapping image of the fluorescence image
and a differential image of the fluorescence image.
[0329] 54. In the experimental method of the present
invention, in the examination method according to Item
48, a transmission image and a fluorescence image are
obtained by capturing an external image of a living or-
ganism, organ, or tissue, and the position, amount, and
area of fluorescent substances in the living organism,
organ, or tissue are studied on the basis of the fluores-
cence image and a differential image of the transmission
image.
[0330] 55. In the experimental method of the present
invention, in the examination method according to Item
48, a transmission image and a fluorescence image are
obtained by capturing an external image of a living or-
ganism, organ, or tissue, and the position, amount, and
area of fluorescent substances in the living organism,
organ, or tissue are studied on the basis of an overlapping
image of the fluorescence image and a differential image
of the transmission image.
[0331] 56. In the experimental method of the present
invention, in the examination method according to Item
48, the position, amount, and area of fluorescent sub-
stances in a living organism, organ, or tissue are studied
by internally illuminating the living organism, organ, or
tissue with various types of excitation light having differ-
ent wavelengths, and by obtaining a plurality of fluores-
cence images by separating a plurality of fluorescence
components corresponding to the types of excitation light
on the basis of the plurality of fluorescence images ob-
tained by capturing external images of the living organ-
ism, organ, or tissue.
[0332] 57. In the experimental method of the present
invention, in the examination method according to Item
48, the position, amount, and area of fluorescent sub-
stances in a living organism, organ, or tissue are studied
by internally illuminating the living organism, organ, or
tissue with various types of excitation light having differ-
ent wavelengths, and by obtaining at least one fluores-
cence image of the living organism, organ, or tissue by
separating autofluorescence of the living organism, or-
gan, or tissue on the basis of a plurality of fluorescence
images obtained by capturing external images of the liv-

ing organism, organ, or tissue.
[0333] 58. In the experimental method of the present
invention, in the examination method according to Item
48, the position, amount, and area of fluorescent sub-
stances in a living organism, organ, or tissue are studied
by internally illuminating the living organism, organ, or
tissue with excitation light having a specific wavelength,
by obtaining at least two fluorescence images of the living
organism, organ, or tissue by separating at least two flu-
orescence components corresponding to the at least two
fluorescent substances on the basis of a plurality of flu-
orescence images obtained by capturing external imag-
es of the living organism, organ, or tissue through a plu-
rality of filters having different transmission wavelength
bands.
[0334] 59. In the experimental method of the present
invention, in the examination method according to Item
48, the position, amount, and area of fluorescent sub-
stances in a living organism, organ, or tissue are studied
by internally illuminating the living organism, organ, or
tissue with excitation light having a specific wavelength,
and by obtaining at least one fluorescence image of the
living organism, organ, or tissue by separating autofluo-
rescence of the living organism, organ, or tissue on the
basis of a plurality of fluorescence images obtained by
capturing external images of the living organism, organ,
or tissue through a plurality of filters having different
transmission wavelength bands.

Claims

1. An examination apparatus comprising:

a light source (2) for emitting excitation light or
illumination light to a specimen (A) placed on a
stage (3; 130; 140; 150; 160 of the examination
apparatus;
an objective lens (4a, 4b, 4c, 4d) opposing the
stage (3; 130; 140; 150; 160) and capable of
collecting fluorescence or reflected light from the
specimen (A);
an image-forming lens (5a, 5b) for forming an
image of the specimen (A) from light that is ob-
tained by the objective lens (4a, 4b, 4c, 4d);
an image-capturing unit (6) for capturing the im-
age of the specimen (A) formed by the image-
forming lens (5a, 5b);
an objective-lens switching mechanism (13) that
disposes the objective lens (4a, 4b, 4c, 4d) on
an optical axis (C) by switching between a first
objective lens (4d) and a second objective lens
(4a, 4b, 4c) that has lower magnification than
the first objective lens (4d) has,
an image-forming lens switching mechanism
(14) that disposes the image-forming lens (5b,
5a) on the optical axis (C) by switching between
a first image-forming lens (5b) and a second im-
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age-forming lens (5a), the first image-forming
lens (5b) being used with the first objective lens
(4d) and the second image-forming lens (5a) be-
ing used with the second objective lens (4a, 4b,
4c);
an oblique illumination unit (50) that illuminates
the specimen (A) from the side at an angle as
an off-axis illumination; and
a zooming mechanism (15) that is inserted on
the optical axis (C) and between the first objec-
tive lens (4d) having a high magnifying power
and the first image-forming lens (5b) having a
high magnifying power, when the first objective
lens (4d) having the high magnifying power and
the first image-forming lens (5b) having the high
magnifying power are selected,
wherein the zooming mechanism (15) is re-
moved from the optical axis (C) when the second
objective lens (4a, 4b, 4c) having a low magni-
fying power and the second image-forming lens
(5a) having a low magnifying power are select-
ed.

2. The examination apparatus according to Claim 1 fur-
ther comprising:

a relay optical system (84; 101; 120) for relaying
illumination light for illuminating the specimen
(A); and
a reflecting member (82) held by the image-
forming lens (5a), the reflecting member (82) be-
ing capable of deflecting the illumination light
from the light source (2) toward the relay optical
system (84; 101; 120).

3. The examination apparatus according to Claim 1 fur-
ther comprising:

a relay optical system (84) for relaying illumina-
tion light for illuminating the specimen (A); and
a rotary turret (91) for holding a plurality of dich-
roic mirrors (47a, 47b, 47c) and a reflecting
member (82) which deflect the illumination light
from the light source (2) toward the relay optical
system (84) and for selectively disposing the di-
chroic mirrors (47a, 47b, 47c) and the reflecting
member (82) opposite the light source (2).

4. The examination apparatus according to Claim 2 or
3, wherein the relay optical system (101) is held by
the objective lens or the objective-lens switching
mechanism (13).

5. The examination apparatus according to one of
Claims 2 to 4, wherein the relay optical system (101;
120) splits the illumination light from the light source
(2) into two or more beams and emits the two or more
beams to the specimen (A) from different directions.

6. The examination apparatus according to Claim 1,
wherein the first objective lens (4d) having a high
magnifying power has a focal length of 300 mm and
the first image-forming lens (5b) having a high mag-
nifying power has a focal length of 210 mm.

7. The examination apparatus according to one of
Claims 1 to 6, further comprising:

a parfocal adjustment mechanism for adjusting
the image location of the image-forming lens
(5a, 5b).

8. The examination apparatus according to one of
Claims 1 to 7, further comprising:

an optical-path bypass unit (30, 31, 32), dis-
posed on the first image-forming lens (5b) hav-
ing the high magnifying power, for bypassing the
optical path between the first image-forming
lens (5b) having the high magnifying power and
the image-capturing unit (6) so that the straight-
line distance from the first image-forming lens
(5b) to the image-capturing unit (6) is matched
with that of the second image-forming lens (5a)
having the low magnifying power.

9. The examination apparatus according to Claim 8,
wherein optical-path bypass unit is provided with the
optical-path-length adjustment unit (31) capable of
adjusting the optical path length thereof.

10. The examination apparatus according to Claim 8 or
9, wherein the optical-path bypass unit is provided
with an angle adjustment unit (34) which is capable
of adjusting the inclination angle of the optical axis
thereof.

11. The examination apparatus according to one of
Claims 1 to 10, further comprising:

an objective parfocal adjustment mechanism
(35) for adjusting the position of the objective
lens (4a, 4b, 4c, 4d) conjugate with the image
location of the image-forming lens (5b, 5a).

12. The examination apparatus according to one of
Claims 1 to 11, wherein the objective lenses (4a, 4b,
4c, 4d), the zooming mechanism (15), and the im-
age-forming lenses (5b, 5a) are attached on the
same axis (61) disposed in the vertical direction and
are attached in a manner such that they are rotatable
around the axis.

13. The examination apparatus according to one of
Claims 1 to 12,
wherein the objective lenses (4a, 4b, 4c, 4d), the
zooming mechanism (15), and the image-forming
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lenses (5b, 5a) are attached on at least two axes
(10, 11) disposed in the vertical direction and are
attached in a manner such that they are rotatable
around the axes (61), and
wherein the objective lenses (4a, 4b, 4c, 4d) and the
zooming mechanism (15) are attached in a manner
such that they are rotatable around different axes.

14. The examination apparatus according Claim 12 or
13, further comprising:

a horizontally mounted base (7);
at least two support stands (10, 11) extending
from the base (7) in the vertical direction along
the axes; and
a beam member (12) bridged across the upper
ends of the support stands (10, 11),
wherein the image-capturing unit (6) is fixed to
the beam member (12).

15. The examination apparatus according Claim 14,
wherein the optical axis (C) is disposed at a position
away from a plane including the axes of said at least
two support stands (10, 11).

16. The examination apparatus according to one of
Claims 12 to 15, wherein the objective lenses (4a,
4b, 4c, 4d), the zooming mechanism (15), and the
image-forming lenses (5b, 5a) are attached to the
support stand (10, 11) in a manner such that they
are rotatable around the axis of the support stand
(10, 11) by an assembly including a cylindrical fixed
bracket (18, 19) fixed to the support stand (10, 11)
by being engaged with the upper portion of the sup-
port stand (10, 11); a movable bracket (17) for fixing
the objective lenses (4a, 4b, 4c, 4d), the zooming
mechanism (15), and the image-forming lenses (5b,
5a); and a bearing (20) for installing the movable
bracket (17) to the fixed bracket (18, 19) in a manner
such that the movable bracket (17) is horizontally
rotatable.

17. The examination apparatus according to one of
Claims 12 to 15, wherein the base (7) includes a first
base (7a) for fixing the stage (3; 130; 140; 150; 160)
and a second base (7b) provided above the first base
(7a) with a space provided therebetween, and
wherein the first base (7a) and the second base (7b)
are fixed by spacing members (8) and the support
stands (10, 11) are fixed to the second base (7b).

18. The examination apparatus according to Claim 17,
wherein the spacing members (8) are replaceable.

19. The examination apparatus according to one of
Claims 1 to 18, wherein a tray member (9) capable
of being fixed to the stage (3) while being positioned,
the tray member (9) fixing the specimen (A).

20. The examination apparatus according to Claim 19,
wherein the tray member (9) is composed of a trans-
parent material or a light-absorbing material.

21. The examination apparatus according to one of
Claims 1 to 20, wherein the image-capturing unit (6)
is replaceable.

22. The examination apparatus according to one of
Claims 1 to 21, wherein the image-capturing unit (6)
is disposed in a manner such that it is rotatable
around the optical axis (C).

23. The examination apparatus according to one of
Claims 1 to 22,
wherein the light source (2) is a laser light source for
emitting the excitation light to the specimen (A), and
wherein the image capturing unit (6) captures the
fluorescence from the specimen (A).

24. The examination apparatus according to Claim 23,
further comprising:

a processing unit for carrying out spectral de-
convolution processing on the captured fluores-
cence.

25. The examination apparatus according to Claim 24,
wherein the processing unit carries out spectral blind
deconvolution processing.

26. The examination apparatus according to Claim 1,
wherein,
the specimen (A) is a living organism (291), an organ
(293), or tissue (295),
the light source (2) is an illumination device (210) for
internally illuminating the specimen (A), and
the image-capturing unit (6) is an image-capturing
device (230) for obtaining an optical image of at least
one of a transmission image and a fluorescence im-
age of the specimen by capturing an external image
of the specimen (A).

27. The examination apparatus according to Claim 26,
wherein the illumination device (210) includes a light
source (211) for emitting illumination light or excita-
tion light and a light-emitting unit (216) for externally
emitting the illumination light or the excitation light,
and wherein the light-emitting unit (216) is guidable
into the specimen (A).

28. The examination apparatus according to Claim 7,
wherein the image parfocal mechanism (36) in-
cludes:

a fixed holder (40) fixed to the first arms (14);
a horizontally adjustable holder (41) mounted in
such a manner as to be capable of moving in
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the horizontal direction with respect to the fixed
holder (40); and
a vertically adjustable holder (42) mounted in
such a manner as to be capable of moving in
the vertical direction with respect to the horizon-
tally adjustable holder (41) and used to fix the
image-forming lens units (5a, 5b).

Patentansprüche

1. Untersuchungsvorrichtung mit:

einer Lichtquelle (2) zum Emittieren von Erre-
gungslicht oder Beleuchtungslicht zu einer Pro-
be (A), die auf einem Probentisch (3; 130; 140;
150; 160) der Untersuchungsvorrichtung plat-
ziert ist;
einer Objektivlinse (4a, 4b, 4c, 4d), die sich dem
Probentisch (3; 130; 140; 150; 160) gegenüber
befindet und dazu ausgebildet ist, Fluoreszenz-
oder reflektiertes Licht von der Probe (A) zu
sammeln;
einer bilderzeugenden Linse (5a, 5b) zum Er-
zeugen eines Bilds der Probe (A) aus Licht, das
durch die Objektivlinse (4a, 4b, 4c, 4d) erhalten
wird;
einer Bilderfassungseinheit (6) zum Erfassen
des Bilds der Probe (A), das durch die bilder-
zeugende Linse (5a, 5b) geformt ist;
einem Objektivlinsen-Umschaltmechanismus
(13), der die Objektivlinse (4a, 4b, 4c, 4d) durch
Umschalten zwischen einer ersten Objektivlinse
(4d) und einer zweiten Objektivlinse (4a, 4b, 4c),
welche eine geringere Vergrößerung als die er-
ste Objektivlinse (4d) hat, auf einer optischen
Achse (C) anordnet,
einen Umschaltmechanismus (14) für die bilder-
zeugende Linse, der die bilderzeugende Linse
(5b, 5a) durch Umschalten zwischen einer er-
sten bilderzeugenden Linse (5b) und einer zwei-
ten bilderzeugenden Linse (5a) auf der opti-
schen Achse (C) anordnet, wobei die erste bil-
derzeugende Linse (5b) mit der ersten Objek-
tivlinse (4d) und die zweite bilderzeugende Lin-
se (5a) mit der zweiten Objektivlinse (4a, 4b, 4c)
verwendet wird;
einer schrägen Beleuchtungseinheit (50), die
die Probe (A) von der Seite in einem Winkel als
außeraxiale Beleuchtung beleuchtet; und
einem Zoom-Mechanismus (15), der auf der op-
tischen Achse (C) und zwischen der ersten Ob-
jektivlinse (4d) mit hoher Vergrößerungslei-
stung und der ersten bilderzeugenden Linse
(5b) mit hoher Vergrößerungsleistung eingefügt
ist, wenn die erste Objektivlinse (4d) mit der ho-
hen Vergrößerungsleistung und die erste bilder-
zeugende Linse (5b) mit der hohen Vergröße-

rungsleistung ausgewählt sind,
wobei der Zoom-Mechanismus (15) von der op-
tischen Achse (C) entfernt wird, wenn die zweite
Objektivlinse (4a, 4b, 4c) mit geringer Vergrö-
ßerungsleistung und die zweite bilderzeugende
Linse (5a) mit geringer Vergrößerungsleistung
ausgewählt sind.

2. Untersuchungsvorrichtung nach Anspruch 1, ferner
mit:

einem optischen Relaissystem (84; 101; 120)
zum Weiterleiten von Beleuchtungslicht zur Be-
leuchtung der Probe (A); und
einem von der bilderzeugenden Linse (5a) ge-
haltenen reflektierenden Element (82), wobei
das reflektierende Element (82) dazu ausgebil-
det ist, das Beleuchtungslicht von der Lichtquel-
le (2) in Richtung des optischen Relaissystems
(84; 101; 120) abzulenken.

3. Untersuchungsvorrichtung nach Anspruch 1, ferner
mit:

einem optischen Relaissystem (84) zum Weiter-
leiten von Beleuchtungslicht zum Beleuchten
der Probe (A); und
einem Rotationsrevolverkopf (91) zum Halten
mehrerer dichroitischer Spiegel (47a, 47b, 47c)
und eines reflektierenden Elements (82), die
das Beleuchtungslicht von der Lichtquelle (2) in
Richtung des optischen Relaissystems (84) re-
flektieren, und zum selektiven Anordnen der di-
chroitischen Spiegel (47a, 47b, 47c) und des re-
flektierenden Elements (82) gegenüber der
Lichtquelle (2).

4. Untersuchungsvorrichtung nach Anspruch 2 oder 3,
wobei das optische Relaissystem (101) von der Ob-
jektivlinse oder dem Objektivlinsen-Umschaltme-
chanismus (13) gehalten wird.

5. Untersuchungsvorrichtung nach einem der Ansprü-
che 2 bis 4, wobei das optische Relaissystem (101;
120) das Beleuchtungslicht von der Lichtquelle (2)
in zwei oder mehr Strahlen teilt und die zwei oder
mehr Strahlen aus unterschiedlichen Richtungen zur
Probe (A) emittiert.

6. Untersuchungsvorrichtung nach Anspruch 1,
wobei die erste Objektivlinse (4d) mit hoher Vergrö-
ßerungsleistung eine Brennweite von 300 mm und
die erste bilderzeugende Linse (5b) mit hoher Ver-
größerungsleistung eine Brennweite von 210 mm
aufweist.

7. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 6, ferner mit:
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einem parfokalen Einstellmechanismus zum
Einstellen der Bildstelle der bilderzeugenden
Linse (5a, 5b).

8. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 7, ferner mit:

einer Strahlengang-Umgehungseinheit (30, 31,
32), die auf der ersten bilderzeugenden Linse
(5b) mit der hohen Vergrößerungsleistung an-
geordnet ist, um den Strahlengang zwischen der
ersten bilderzeugenden Linse (5b) mit der ho-
hen Vergrößerungsleistung und der Bilderfas-
sungseinheit (6) zu umgehen, so dass der ge-
radlinige Abstand von der ersten bilderzeugen-
den Linse (5b) zur Bilderfassungseinheit (6) auf
denjenigen der zweiten bilderzeugenden Linse
(5a) mit der geringen Vergrößerungsleistung
abgestimmt ist.

9. Untersuchungsvorrichtung nach Anspruch 8, wobei
die Strahlengang-Umgehungseinheit mit der Strah-
lenganglängen-Einstelleinheit (31) versehen ist,
welche dazu ausgebildet ist, ihre Strahlenganglänge
einzustellen.

10. Untersuchungsvorrichtung nach Anspruch 8 oder 9,
wobei die Strahlengang-Umgehungseinheit mit ei-
ner Winkeleinstelleinheit (34) versehen ist, die dazu
ausgebildet ist, den Neigungswinkel ihrer optischen
Achse einzustellen.

11. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 10, ferner mit:

einem Objektivparfokal-Einstellmechanismus
(35) zum Einstellen der Position der Objektivlin-
se (4a, 4b, 4c, 4d) konjugiert mit der Bildstelle
der bilderzeugenden Linse (5b, 5a).

12. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 11, wobei die Objektivlinsen (4a, 4b, 4c,
4d), der Zoom-Mechanismus (15) und die bilderzeu-
genden Linsen (5b, 5a) an derselben Achse (61) an-
gebracht sind, die in vertikaler Richtung angeordnet
ist, und auf eine solche Weise angebracht sind, dass
sie um die Achse drehbar sind.

13. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 12,
wobei die Objektivlinsen (4a, 4b, 4c, 4d), der Zoom-
Mechanismus (15) und die bilderzeugenden Linsen
(5b, 5a) an zumindest zwei Achsen (10, 11) ange-
bracht sind, die in vertikaler Richtung angeordnet
sind, und auf eine solche Weise angebracht sind,
dass sie um die Achsen (61) drehbar sind, und
wobei die Objektivlinsen (4a, 4b, 4c, 4d) und der
Zoom-Mechanismus (15) auf eine solche Weise an-

gebracht sind, dass sie um verschiedene Achsen
drehbar sind.

14. Untersuchungsvorrichtung nach Anspruch 12 oder
13, ferner mit:

einer horizontal angebrachten Basis (7);
mindestens zwei Aufnahmeständern (10, 11),
die von der Basis (7) in vertikaler Richtung ent-
lang der Achsen verlaufen; und
einem Strahlenelement (12), das brückenartig
über die oberen Enden der Aufnahmeständer
(10, 11) geführt ist,
wobei die Bilderfassungseinheit (6) an dem
Strahlenelement (12) befestigt ist.

15. Untersuchungsvorrichtung nach Anspruch 14, wo-
bei die optische Achse (C) an einer Position entfernt
von einer Ebene angeordnet ist, welche die Achsen
der mindestens zwei Aufnahmeständer (10, 11) ein-
schließt.

16. Untersuchungsvorrichtung nach einem der Ansprü-
che 12 bis 15, wobei die Objektivlinsen (4a, 4b, 4c,
4d), der Zoom-Mechanismus (15) und die bilderzeu-
genden Linsen (5b, 5a) an dem Aufnahmeständer
(10, 11) auf eine solche Weise angebracht sind, dass
sie um die Achse des Aufnahmeträgers (10, 11)
durch eine Baugruppe drehbar sind, die eine zylin-
drische fixierte Klammer (18, 19), die an dem Auf-
nahmeständer (10, 11) befestigt wird, indem sie mit
dem oberen Bereich des Aufnahmeständers (10, 11)
in Eingriff gebracht wird; eine bewegliche Klammer
(17) zum Befestigen der Objektivlinsen (4a, 4b, 4c,
4d), des Zoom-Mechanismus (15) und der bilderzeu-
genden Linsen (5b, 5a); und ein Lager (20) zum An-
bringen der beweglichen Klammer (17) an der fixier-
ten Klammer (18, 19) auf eine solche Weise, dass
die bewegliche Klammer (17) horizontal drehbar ist,
einschließt.

17. Untersuchungsvorrichtung nach einem der Ansprü-
che 12 bis 15, wobei die Basis (7) eine erste Basis
(7a) zum Befestigen des Probentisches (3; 130; 140;
150; 160) und eine zweite Basis (7b) einschließt, die
über der ersten Basis (7a) bereitgestellt ist, wobei
ein Abstand zwischen ihnen vorgesehen ist, und wo-
bei die erste Basis (7a) und die zweite Basis (7b)
durch Abstandshalter (8) fixiert sind und die Aufnah-
meständer (10, 11) an der zweiten Basis (7b) befe-
stigt sind.

18. Untersuchungsvorrichtung nach Anspruch 17, wo-
bei die Abstandshalter (8) auswechselbar sind.

19. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 18, wobei ein Tablettelement (9) dazu aus-
gebildet ist, an dem Probentisch (3) befestigt zu wer-
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den, während es positioniert wird, wobei das Tablet-
telement (9) die Probe (A) fixiert.

20. Untersuchungsvorrichtung nach Anspruch 19, wo-
bei das Tablettelement (9) aus einem transparenten
Material oder einem lichtabsorbierenden Material
besteht.

21. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 20, wobei die Bilderfassungseinheit (6)
auswechselbar ist.

22. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 21, wobei die Bilderfassungseinheit (6) auf
eine solche Weise angeordnet ist, dass sie um die
optische Achse (C) drehbar ist.

23. Untersuchungsvorrichtung nach einem der Ansprü-
che 1 bis 22,
wobei die Lichtquelle (2) eine Laserlichtquelle zum
Emittieren des Erregungslichts zur Probe (A) ist, und
wobei die Bilderfassungseinheit (6) die Fluoreszenz
von der Probe (A) erfasst.

24. Untersuchungsvorrichtung nach Anspruch 23, fer-
ner mit:

einer Verarbeitungseinheit zum Ausführen einer
Spektraldekonvolutionsverarbeitung an der er-
fassten Fluoreszenz.

25. Untersuchungsvorrichtung nach Anspruch 24, wo-
bei die Verarbeitungseinheit eine Spektralblindde-
konvolutionsverarbeitung ausführt.

26. Untersuchungsvorrichtung nach Anspruch 1, wobei
die Probe (A) ein lebender Organismus (291), ein
Organ (293) oder Gewebe (295) ist,
die Lichtquelle (2) eine Beleuchtungsvorrichtung
(210) zum internen Beleuchten der Probe (A) ist, und
die Bilderfassungseinheit (6) eine Bilderfassungs-
vorrichtung (230) zum Erhalten eines optischen
Bilds eines Übertragungsbilds und/oder eines Fluo-
reszenzbilds der Probe durch Erfassen eines exter-
nen Bilds der Probe (A) ist.

27. Untersuchungsvorrichtung nach Anspruch 26, wo-
bei die Beleuchtungsvorrichtung (210) eine Licht-
quelle (211) zum Emittieren von Beleuchtungslicht
oder Erregungslicht und eine Lichtemittierungsein-
heit (216) zum externen Emittieren des Beleuch-
tungslichts oder des Erregungslichts einschließt,
und wobei die Lichtemittierungseinheit (216) in die
Probe (A) geführt werden kann.

28. Untersuchungsvorrichtung nach Anspruch 7, wobei
der Bildparfokalmechanismus (36) einschließt:

einen fixierten Halter (40), der an den ersten Ar-
men (14) befestigt ist;
einen horizontal verstellbaren Halter (41), der
auf eine solche Weise angebracht ist, dass er
sich in Bezug auf den befestigten Halter (40) in
horizontaler Richtung zu bewegen vermag; und
einen vertikal verstellbaren Halter (42), der auf
eine solche Weise angebracht ist, dass er sich
in Bezug auf den horizontal verstellbaren Halter
(41) in vertikaler Richtung zu bewegen vermag,
und dazu eingesetzt wird, die bilderzeugenden
Linseneinheiten (5a, 5b) zu fixieren.

Revendications

1. Appareil d’examen comprenant :

une source de lumière (2) destinée à émettre
une lumière d’excitation ou une lumière d’éclai-
rage sur un spécimen (A) placé sur une platine
(3 ; 130 ; 140 ; 150 ; 160) de l’appareil
d’examen ;
un objectif (4a, 4b, 4c, 4d) opposé à la platine
(3 ; 130 ; 140 ; 150 ; 160) et capable de collecter
la fluorescence ou la lumière réfléchie du spé-
cimen (A) ;
une lentille de formation d’images (5a, 5b) des-
tinée à former une image du spécimen (A) à par-
tir de la lumière qui est obtenue par l’objectif (4a,
4b, 4c, 4d) ;
une unité de capture d’images (6) destinée à
capturer l’image du spécimen (A) formée par la
lentille de formation d’images (5a, 5b) ;
un mécanisme de commutation d’objectif (13)
qui dispose l’objectif (4a, 4b, 4c, 4d) sur un axe
optique (C) en effectuant une commutation en-
tre le premier objectif (4d) et un deuxième ob-
jectif (4a, 4b, 4c) qui possède un grossissement
inférieur à celui que possède le premier objectif
(4d),
un mécanisme de commutation de lentille de for-
mation d’images (14) qui dispose la lentille de
formation d’images (5a, 5b) sur l’axe optique (C)
en effectuant une commutation entre une pre-
mière lentille de formation d’images (5b) et une
deuxième lentille de formation d’images (5a), la
première lentille de formation d’images (5b)
étant utilisée avec le premier objectif (4d) et la
deuxième lentille de formation d’images (5a)
étant utilisée avec le deuxième objectif (4a, 4b,
4c) ;
une unité d’éclairage oblique (50) qui éclaire le
spécimen (A) à partir du côté à un angle d’éclai-
rage hors de l’axe ;
un mécanisme de variation de focale (15) qui
est inséré sur l’axe optique (C) et entre le pre-
mier objectif (4d) possédant une puissance de
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grossissement élevée et la première lentille de
formation d’images (5b) possédant une puis-
sance de grossissement élevée, lorsque le pre-
mier objectif (4d) possédant la puissance de
grossissement élevée et la première lentille de
formation d’images (5b) possédant la puissance
de grossissement élevée sont sélectionnés,
dans lequel le mécanisme de variation de focale
(15) est enlevé de l’axe optique (C) lorsque le
deuxième objectif (4a, 4b, 4c) possédant une
puissance de grossissement faible et la deuxiè-
me lentille de formation d’images (5a) possé-
dant une puissance de grossissement faible
sont sélectionnés.

2. Appareil d’examen selon la revendication 1, com-
prenant en outre :

un système optique relais (84 ; 101 ; 120) des-
tiné à relayer la lumière d’éclairage destinée à
éclairer le spécimen (A) ; et
un élément de réflexion (82) maintenu par la len-
tille de formation d’images (5a), l’élément de ré-
flexion (82) étant capable de dévier la lumière
d’éclairage provenant de la source de lumière
(2) vers le système optique relais (84 ; 101 ;
120).

3. Appareil d’examen selon la revendication 1, com-
prenant en outre :

un système optique relais (84) destinée à relayer
la lumière d’éclairage destiné à éclairer le spé-
cimen (A) ; et
une tourelle rotative (91) destinée à maintenir
une pluralité de miroirs dichroïques (47a, 47b,
47c) et un élément de réflexion (82) qui dévie la
lumière d’éclairage provenant de la source de
lumière (2) vers le système optique relais (84)
et destinée à disposer sélectivement les miroirs
dichroïques (47a, 47b, 47c) et l’élément de ré-
flexion (82) à l’opposé de la source de lumière
(2).

4. Appareil d’examen selon la revendication 2 ou 3,
dans lequel le système optique relais (101) est main-
tenu par l’objectif ou le mécanisme de commutation
d’objectif (13).

5. Appareil d’examen selon l’une quelconque des re-
vendications 2 à 4, dans lequel le système optique
relais (101 ; 120) divise la lumière d’éclairage pro-
venant de la source de lumière (2) en deux ou plus
faisceaux et émet les deux ou plus faisceaux vers le
spécimen (A) depuis différentes directions.

6. Appareil d’examen selon la revendication 1,
dans lequel le premier objectif (4d) possédant une

puissance de grossissement élevée présente une
longueur focale de 300 mm et la première lentille de
formation d’images (5b) possédant une puissance
de grossissement élevée présente une longueur fo-
cale de 210 mm.

7. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 6, comprenant en outre :

un mécanisme d’ajustement parfocal destiné à
ajuster la localisation de l’image de la lentille de
formation d’images (5a, 5b).

8. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 7, comprenant en outre :

une unité de contournement de trajet optique
(30, 31, 32), disposée sur la première lentille de
formation d’images (5b) possédant la puissance
de grossissement élevée, destinée à contourner
le trajet optique entre la première lentille de for-
mation d’images (5b) possédant la puissance
de grossissement élevée et l’unité de capture
d’images (6) de sorte que la distance en ligne
droite allant de la première lentille de formation
d’images (5b) à l’unité de capture d’images (6)
est mise en correspondance avec celle de la
deuxième lentille de formation d’images (5a)
possédant la puissance de grossissement fai-
ble.

9. Appareil d’examen selon la revendication 8, dans
lequel l’unité de contournement de trajet optique est
munie de l’unité d’ajustement de longueur de trajet
optique (31) capable d’ajuster sa longueur de trajet
optique.

10. Appareil d’examen selon la revendication 8 ou 9,
dans lequel l’unité de contournement de trajet opti-
que est munie d’une unité d’ajustement d’angle (34)
qui est capable d’ajuster l’angle d’inclinaison de l’axe
optique de celui-ci.

11. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 10, comprenant en outre :

un mécanisme d’ajustement parfocal d’objectif
(35) destiné à ajuster la position de l’objectif (4a,
4b, 4c, 4d) conjuguée avec la localisation d’ima-
ges de la lentille de formation d’images (5b, 5a).

12. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 11, dans lequel les objectifs (4a,
4b, 4c, 4d), le mécanisme de variation de focale (15),
et les lentilles de formation d’images (5b, 5a) sont
fixés sur le même axe (61) disposé dans le sens
vertical et sont fixés d’une manière telle qu’ils sont
rotatifs autour de l’axe.
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13. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 12,
dans lequel les objectifs (4a, 4b, 4c, 4d), le méca-
nisme de variation de focale (15), et les lentilles de
formation d’images (5b, 5a) sont fixés sur au moins
deux axes (10, 11) disposés dans le sens vertical et
sont fixés d’une manière telle qu’ils sont rotatifs
autour des axes (61), et
dans lequel les objectifs (4a, 4b, 4c, 4d) et le méca-
nisme de variation de focale (15) sont fixés d’une
manière telle qu’ils sont rotatifs autour d’axes diffé-
rents.

14. Appareil d’examen selon la revendication 12 ou 13,
comprenant en outre :

une base montée horizontalement (7) ;
au moins deux montants à colonne (10, 11)
s’étendant depuis la base (7) dans la direction
verticale le long des axes ; et
un élément de faisceau (12) s’étendant à travers
les extrémités supérieures des montants à co-
lonne (10, 11),
dans lequel l’unité de capture d’images (6) est
fixée à l’élément de faisceau (12).

15. Appareil d’examen selon la revendication 14, dans
lequel l’axe optique (C) est disposé au niveau d’une
position éloignée d’un plan comprenant les axes
desdits au moins deux montants à colonne (10, 11).

16. Appareil d’examen selon l’une quelconque des re-
vendications 12 à 15, dans lequel les objectifs (4a,
4b, 4c, 4d), le mécanisme de variation de focale (15),
et les lentilles de formation d’images (5b, 5a) sont
fixés au montant à colonne (10, 11) d’une manière
telle qu’ils sont rotatifs autour de l’axe du montant à
colonne (10, 11) par un assemblage comprenant un
support fixe cylindrique (18, 19) fixé au montant à
colonne (10, 11) en étant engagé avec la partie su-
périeure du montant à colonne (10, 11) ; un support
mobile (17) destiné à fixer les objectifs (4a, 4b, 4c,
4d), le mécanisme de variation de focale (15) et les
lentilles de formation d’images (5b, 5a) ; et un palier
(20) destiné à installer le support mobile (17) sur le
support fixe (18, 19) d’une manière telle que le sup-
port mobile (17) est horizontalement rotatif.

17. Appareil d’examen selon l’une quelconque des re-
vendications 12 à 15, dans lequel la base (7) com-
prend une première base (7a) destinée à fixer la pla-
tine (3 ; 130 ; 140 ; 150 ; 160) et une deuxième base
(7b) prévue au-dessus de la première base (7a) avec
un espace prévu entre elles, et dans lequel la pre-
mière base (7a) et la deuxième base (7b) sont fixées
par des éléments d’espacement (8) et les montants
à colonne (10, 11) sont fixés à la deuxième base (7b).

18. Appareil d’examen selon la revendication 17, dans
lequel les éléments d’espacement (8) sont rempla-
çables.

19. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 18, comprenant un élément de pla-
teau (9) capable d’être fixé à la platine (3) tout en
étant positionné, l’élément de plateau (9) fixant le
spécimen (A).

20. Appareil d’examen selon la revendication 19, dans
lequel l’élément de plateau (9) est composé d’un ma-
tériau transparent ou d’un matériau absorbant la lu-
mière.

21. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 20, dans lequel l’unité de capture
d’images (6) est remplaçable.

22. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 21, dans lequel l’unité de capture
d’images (6) est disposée d’une manière telle qu’elle
est rotative autour de l’axe optique (C).

23. Appareil d’examen selon l’une quelconque des re-
vendications 1 à 22,
dans lequel la source de lumière (2) est une source
de lumière laser destinée à émettre la lumière d’ex-
citation sur le spécimen (A), et
dans lequel l’unité de capture d’images (6) capture
la fluorescence émanant du spécimen (A).

24. Appareil d’examen selon la revendication 23, com-
prenant en outre :

une unité de traitement destinée à réaliser un
traitement de déconvolution spectrale sur la
fluorescence capturée.

25. Appareil d’examen selon la revendication 24, dans
lequel l’unité de traitement réalise un traitement de
déconvolution spectrale à l’aveugle.

26. Appareil d’examen selon la revendication 1, dans
lequel,
le spécimen (A) est un organisme vivant (291), un
organe (293) ou un tissu (295),
la source de lumière (2) est un dispositif d’éclairage
(210) destiné à éclairer le spécimen (A) de manière
interne, et
l’unité de capture d’images (6) est un dispositif de
capture d’images (230) destiné à obtenir une image
optique d’au moins l’une parmi une image de trans-
mission et une image de fluorescence du spécimen
en capturant une image externe du spécimen (A).

27. Appareil d’examen selon la revendication 26, dans
lequel le dispositif d’éclairage (210) comprend une
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source de lumière (211) destinée à émettre une lu-
mière d’éclairage ou une lumière d’excitation et une
unité d’émission de lumière (216) destinée à émettre
de manière externe la lumière d’éclairage ou la lu-
mière d’excitation, et dans lequel l’unité d’émission
de lumière (216) peut être guidée dans le spécimen
(A).

28. Appareil d’examen selon la revendication 7, dans
lequel le mécanisme parfocal d’image (36)
comprend :

un support fixe (40) fixé au premier bras (14) ;
un support ajustable horizontalement (41) mon-
té de manière à être capable de se déplacer
dans la direction horizontale par rapport au sup-
port fixe (40) ; et
un support ajustable verticalement (42) monté
de manière à être capable de se déplacer dans
la direction verticale par rapport au support ajus-
table horizontalement (41) et utilisé pour fixer
les unités de lentilles de formation d’images (5a,
5b).
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