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(54) Title: OPHTHALMOLOGIC IMAGING APPARATUS AND OPHTHALMOLOGIC IMAGING METHOD

[Fig. 1A] (57) Abstract: An ophthalmologic imaging apparatus that captures an image
of a subject's eye is provided. The apparatus includes a focusing unit config-
ured to tocus light returned from the subject's eye that is illuminated by the
light of a first wavelength, onto an imaging unit, and a moving unit config-
ured to move the focusing unit based on an optical path length difference
between the light of the first wavelength and the light of a second wave-
length that is different from the first wavelength when light returned from
the subject's eye that is illuminated by the light of the second wavelength is
focused onto the imaging unit.
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Description
Title of Invention: OPHTHALMOLOGIC IMAGING

APPARATUS AND OPHTHALMOLOGIC IMAGING METHOD

[0001]

[0002]

[0003]

[0004]

Technical Field

The present invention relates to ophthalmologic imaging apparatuses and oph-
thalmologic imaging methods for capturing an image of a subject's eye.
Background Art

Fundus cameras that capture images of the fundus of a subject's eye include
mydriatic fundus cameras and non-mydriatic fundus cameras. The mydriatic fundus
cameras observe a subject's eye in which mydriatic drops are put using visible light and
capture an image of the subject's eye. The non-mydriatic fundus cameras observe a
subject's eye in which mydriatic drops are not put using near-infrared light and capture
an image of the subject's eye. Further, there have been provided mydriatic and non-
mydriatic fundus cameras that have functions of the mydriatic fundus cameras and the
non-mydriatic fundus cameras. For example, Japanese Patent Application Laid-Open
No. 9-66030 describes a mydriatic and non-mydriatic fundus camera that observes a
subject's eye into which mydriatic drops are put using visible light by using an optical
finder as means for observing a moving image. In this technology, when observing a
subject's eye into which mydriatic drops are not put using near-infrared light, the
optical path of reflected light from the fundus is changed to an optical path different
from the path in the case of the observation of the subject's eye into which the
mydriatic drops are put. The reflected light is guided to a charge-coupled device
(CCD) that is image capturing means for a still image.

Further, Japanese Patent Application Laid-Open No. 8-256988 discusses a mydriatic
and non-mydriatic fundus camera that is downsized using only one image capturing
means. The technology of the No. 8-256988 discusses an optical element for optical
path length correction that corrects an optical path difference generated due to a
difference between the wavelengths of used light. The optical element is arranged in an
optical path to a television camera that is an image capturing means.

Japanese Patent Application Laid-Open No. 10-43139 discusses a device that has
image capturing means for capturing an image using reflected light from the fundus of
an eye illuminated by visible light or infrared light. In the device, a bypass optical path
for correcting an optical path length of the reflected light to the image capturing means
is provided.

Citation List
Patent Literature
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PTL 1: Japanese Patent Application Laid-Open No. 9-66030
PTL 2: Japanese Patent Application Laid-Open No. 8-256988
PTL 3: Japanese Patent Application Laid-Open No. 10-43139
Summary of Invention

The present invention is based on an assumption that a common imaging unit is used
to capture an image using light that has different wavelengths (observation light and
photographing light). By the use of a focusing unit for focusing on the imaging unit, as
compared to the technology discussed in Japanese Patent Application Laid-Open No.
9-66030, smaller, lighter, and simple-structured apparatuses having fewer components
and novel structure can be provided.

According to an aspect of the present invention, an ophthalmologic imaging
apparatus that captures an image of a subject's eye is provided. The apparatus includes
a focusing unit configured to focus light returned from the subject's eye that is il-
luminated by the light of a first wavelength, onto an imaging unit, and a moving unit
configured to move the focusing unit based on an optical path length difference
between the light of the first wavelength and the light of a second wavelength that is
different from the first wavelength when light returned from the subject's eye that is il-
luminated by the light of the second wavelength is focused onto the imaging unit.

According to another aspect of the present invention, an ophthalmologic imaging
method for capturing an image of a subject's eye is provided. The method includes ir-
radiating the subject's eye with the light of a first wavelength, focusing onto an
imaging unit based on an optical path length difference between the light of the first
wavelength and the light of a second wavelength that is different from the first
wavelength, and irradiating the subject's eye with the light of the second wavelength.

According to another aspect of the present invention, an ophthalmologic imaging
apparatus that captures an image of a subject's eye is provided. The apparatus includes
an illumination optical system configured to irradiate the subject's eye with the light of
a first wavelength and the light of a second wavelength that is different from the first
wavelength, a photographing optical system having a focusing unit configured to focus
light returned from the subject's eye that is illuminated by the illumination optical
system onto an imaging unit, and a moving unit configured to move the focusing unit
based on an optical path length difference between the light of the first wavelength and
the light of the second wavelength.

According to the above-described ophthalmologic imaging apparatuses and oph-
thalmologic imaging method, the smaller, lighter, and simply structured apparatuses
having fewer components and novel structure than before can be provided.

Further features and aspects of the present invention will become apparent from the
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following detailed description of exemplary embodiments with reference to the
attached drawings.
Brief Description of Drawings

The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate exemplary embodiments, features, and aspects of the invention
and, together with the description, serve to explain the principles of the invention.
[fig. 1A]Fig. 1A is a view illustrating structure of fundus camera according to first and
second exemplary embodiment of the present invention.
[fig.1B]Fig. 1B is a view illustrating structure of fundus camera according to first and
second exemplary embodiment of the present invention.
[fig.2A]Fig. 2A illustrates characteristics of each wavelength band.
[fig.2B
[fig.2C
[fig.2D]Fig. 2D illustrates characteristics of each wavelength band.

]Fig. 2B illustrates characteristics of each wavelength band.
JFig. 2C illustrates characteristics of each wavelength band.
[fig.2E]Fig. 2E illustrates characteristics of each wavelength band.
[fig.3A]Fig. 3A illustrates transmission characteristics of each filter.
[fig.3B
[fig.3C

[fig.3D]Fig. 3D illustrates transmission characteristics of each filter.

]Fig. 3B illustrates transmission characteristics of each filter.
JFig. 3C illustrates transmission characteristics of each filter.
Description of Embodiments

Various exemplary embodiments, features, and aspects of the invention will be
described in detail below with reference to the drawings.

Fig. 1A is a view illustrating a structure of a non-mydriatic fundus camera according
to an exemplary embodiment of the present invention. From an observation light
source 1 that includes a halogen lamp to an objective lens 2 that faces a subject's eye is
an illumination optical system. In the illumination optical system, the observation light
source 1, a visible cut filter 3, a diffusion plate 4, a photographic light source 5 that
comprises xenon tubes, a lens 6, a diaphragm 7, an eye-lens diaphragm 8, and a mirror
9 are arranged. In the reflecting direction of the mirror 9, relay lenses 10 and 11, a
cornea stop 12, and a perforated mirror 13 are arranged in order. At the back of the ob-
servation light source 1, a reflecting mirror 14 is provided.

Fig. 2A illustrates transmission characteristics of the visible cut filter 3. The visible
cut filter 3 does not pass light of visible wavelengths and passes light of near-infrared
wavelengths of 680 nm or above.

At the back of the perforated mirror 13, an observation and photographing optical
system is arranged. In the optical system, a photographic diaphragm 15, a focus lens 16

that can move along an optical path, an imaging lens 17, a near-infrared cut filter 18
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that can be inserted into and removed from the optical path, and an image capturing
unit 19 are arranged. The image capturing unit 19 has sensitivity ranging from visible
light to near-infrared light that is invisible, and can output moving images and still
images.

An output signal of the image capturing unit 19 is connected to a control unit (also
referred to as display control unit) 31 and a monitor (also referred to as display unit)
32. An output signal of the control unit 31 is connected to the photographic light
source 5, the focus lens 16 via a driving unit 33, and the near-infrared cut filter 18
(hereinafter, filters that select a wavelength of light for focusing on the image
capturing unit may be referred to as wavelength selection units) via a driving unit 34.
To the control unit 31, a photographing switch 35 for still image photographing is
connected.

In moving image observation, light flux from the observation light source 1 passes
through the visible cut filter 3 and is obtained as a near-infrared wavelength. The
wavelength is used as illumination light (also referred to as light of a first wavelength).
By the illumination light, a fundus of a subject's eye is illuminated. The image of the
subject's eye is formed on an imaging surface of the image capturing unit 19 by the ob-
servation and photographing optical system. During the operation, the near-infrared cut
filter 18 is retracted from the optical path by the driving unit 34. The operator performs
positioning such that the fundus is positioned at a desired point while observing the
moving image output from the image capturing unit 19 with the monitor 32. Then, in a
state where the fundus and the image capturing unit 19 are conjugate to each other with
respect to position, the control unit 31 controls the focus lens 16 through the driving
unit 33 to perform focusing operation.

When capturing the image, as illumination light (also referred to as light of a second
wavelength), visible light from the photographic light source 5 is used. When the pho-
tographing switch 35 is pressed, at a position where the focus lens 16 is being driven,
the control unit 31 performs the focusing operation through the driving unit 33. At the
same time, the photographic light source 5 emits light, and the control unit 31 inserts
the near-infrared cut filter 18 into the observation and photographing optical system
through the driving unit 34. Then, the image capturing unit 19 captures a still image,
and the captured fundus image is displayed on the monitor 32. The control unit 31
stores an amount of movement of the focus lens 16 corresponding to an optical path
difference between an arbitrary wavelength within a near-infrared wavelength range a
of around 780 to 1000 nm and an arbitrary wavelength within a visible wavelength
range b of around 400 to 700 nm shown in Fig. 2B. When the shooting is performed,
the control unit 31 further moves the focus lens 16 by the stored amount from the in-

focus position at the observation through the driving unit 33.
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When the still image capturing ends, in order to return to the moving image ob-
servation, the control unit 31 moves back the focus lens 16 by the above-described
amount via the driving unit 33 and retracts the near-infrared cut filter 18 from the
optical path via the driving unit 34. The driving control of the focus lens 16 by the
control unit 31 is not limited to the automatic focusing.

Fig. 1B illustrates a structure of a fundus camera that can perform autofluorescence
photographing according to the second exemplary embodiment of the present
invention. Reference numerals the same as those in the drawing used in the above-
described description represent the same components. Between the relay lenses 10 and
11, an autofluorescence excitation filter 41 and an optical path length correction glass
42, which can be inserted into and removed from the optical path, are arranged so that
they can be switched. Between the imaging lens 17 and the image capturing unit 19, an
autofluorescence bandpass filter 43 and an optical path length correction glass 44 are
arranged so that they can be switched. Output of the control unit 31 is connected to the
autofluorescence excitation filter 41 and the optical path length correction glass 42
through a driving unit 45, and also connected to the autofluorescence bandpass filter 43
and the optical path length correction glass 44 through the driving unit 46.

Fig. 3A illustrates transmission characteristics of the autofluorescence excitation
filter 41. The autofluorescence excitation filter 41 transmits wavelengths of around 580
nm and blocks the other wavelengths. Fig. 3B illustrates transmission characteristics of
the autofluorescence bandpass filter 43. The autofluorescence bandpass filter 43
transmits wavelengths of around 620 to 700 nm and blocks the other wavelengths. In
Fig. 3B, the dotted line shows the transmission characteristics of the autofluorescence
excitation filter 41 in Fig. 3A. It shows that the transmission band in Fig. 3B does not
overlap with the transmission band of the autofluorescence bandpass filter 43.

To observe an moving image, as illumination light, near-infrared light is used
similarly to the above-described exemplary embodiment. In the illumination optical
system, the control unit 31 inserts the optical path length correction glass 42 into the
optical path through the driving unit 45. In the observation and photographing optical
system, the control unit 31 inserts the optical path length correction glass 44 into the
optical path through the driving unit 46.

The operator performs positioning such that the image of the fundus is positioned at a
desired point while observing the moving image output from the image capturing unit
19 with the monitor 32. Then, the control unit 31 controls the focus lens 16 through the
driving unit 33 to perform focusing operation.

To photograph a still image, as illumination light, visible light from the photographic
light source 5 is used. When the photographing switch 35 is pressed, in synchro-

nization with the shooting, in the illumination optical system, the control unit 31
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switches the optical path length correction glass 42 to the autofluorescence excitation
filter 41 via the driving unit 46. In the observation and photographing optical system,
the control unit 31 switches the optical path length correction glass 44 to the autofluo-
rescence bandpass filter 43 via the driving unit 46 in synchronization with the
shooting, the control unit 31 performs focusing control of the focus lens 16. Simul-
taneously, the photographic light source 5 emits light and still image photographing is
performed. The image captured as an autofluorescence image generated at the fundus
is displayed on the monitor 32.

An optical path difference is generated due to a difference between a wavelength
within the near-infrared wavelength range a of about 780 to 1000 nm and a wavelength
within an autofluorescence fluorescence wavelength range ¢ of about 620 to 700 nm
shown in Fig. 2C. The control unit 31 stores a movement amount of the focus lens 16
corresponding to the optical path difference. In synchronization with the shooting, the
control unit 31 moves the focus lens 16 by the movement amount.

When the still image photographing ends, in order to return to the moving image ob-
servation, in the illumination optical system, the control unit 31 switches the autofluo-
rescence excitation filter 41 to the optical path length correction glass 42. In the ob-
servation and photographing optical system, the control unit 31 retracts the autofluo-
rescence bandpass filter 43 and moves back the focus lens 16 by the movement
amount.

When the shooting is performed using visible light, the near-infrared filter can be
provided at a desired position in the illumination optical system or the observation and
photographing optical system, and the thickness of the optical filter is not limited to a
certain thickness.

In a fundus camera according to the third exemplary embodiment of the present
invention, the visible cut filter 3 in front of the observation light source 1 is removed
from Fig. 1B. By the configuration, illumination light from the observation light source
1 selectively includes visible light.

To observe a moving image, as illumination light (also referred to as light of a first
wavelength), visible light is used. In the illumination optical system, the control unit 31
performs control to insert the optical path length correction glass 42 into the optical
path via the driving unit 45. In the observation and photographing optical system, the
control unit 31 performs control to insert the optical path length correction glass 44
into the optical path via the driving unit 46.

The operator performs positioning such that the image of the fundus is positioned at a
desired point while observing the moving image output from the image capturing unit
19 with the monitor 32. Then, the control unit 31 drives the focus lens 16 to perform

focusing operation.
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To photograph a still image, as illumination light (also referred to as light of a second
wavelength), visible light is used. When the photographing switch 35 is pressed, in the
illumination optical system, the control unit 31 switches the optical path length
correction glass 42 to the autofluorescence excitation filter 41 via the driving unit 45.
In the observation and photographing optical system, the control unit 31 switches the
optical path length correction glass 44 to the autofluorescence bandpass filter 43 via
the driving unit 46. Further, in synchronization with the shooting, the control unit 31
performs control to move the focus lens 16. Simultaneously, the photographic light
source 5 emits light and the still image photographing is performed. The captured
image is displayed on the monitor 32.

The control unit 31 stores a movement amount corresponding to an optical path
difference generated due to a difference between a wavelength within the visible
wavelength range b of around 400 to 700 nm and a wavelength within the autofluo-
rescence fluorescence wavelength range ¢ of around 620 to 700 nm shown in Fig. 2D.
In synchronization with the shooting, the control unit 31 moves the focus lens 16 by
the stored movement amount.

When the still image photographing ends, in order to return to the moving image ob-
servation, the control unit 31 switches the autofluorescence excitation filter 41 to the
optical path length correction glass 42. Further, the control unit 31 switches the aut-
ofluorescence bandpass filter 43 to the optical path length correction glass 44 and
moves back the focus lens 16 by the stored movement amount.

A fundus camera according to the fourth exemplary embodiment of the present
invention includes an infrared fluorescent (ICG (Indocyanine green)) excitation filter
51 and an infrared fluorescent (ICG) bandpass filter 53 in replace of the autofluo-
rescence excitation filter 41 and the autofluorescence bandpass filter 43 illustrated in
Fig. 1B respectively.

Between the imaging lens 17 and the image capturing unit 19, the infrared flu-
orescent (ICG) bandpass filter 53 and the optical path length correction glass 44 are
arranged so that they can be switched. The infrared fluorescent excitation filter 51 and
the optical path length correction glass 42 are driven in response to an instruction by
the control unit 31 by the driving unit 45. The infrared fluorescent bandpass filter 53
and the optical path length correction glass 44 are driven by the driving unit 46.

Fig. 3C illustrates transmission characteristics of the infrared fluorescent excitation
filter 51. The infrared fluorescent excitation filter 51 transmits wavelengths of around
720 to 800 nm and blocks the other wavelengths. Fig. 3D illustrates transmission char-
acteristics of the infrared fluorescent bandpass filter 53. The infrared fluorescent (ICG)
bandpass filter 53 transmits wavelengths of around 820 to 900 nm and blocks the other

wavelengths. The dotted line shows the transmission characteristics of the infrared flu-
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orescent excitation filter 51 in Fig. 3D. It shows that the transmission band in Fig. 3D
does not overlap with the transmission band of the infrared fluorescent bandpass filter
53.

To observe a moving image, near-infrared wavelength is used as illumination light.
In the illumination optical system, the control unit 31 inserts the optical path length
correction glass 42 into the optical path via the driving unit 45. In the observation and
photographing optical system, the control unit 31 inserts the optical path length
correction glass 44 via the driving unit 46.

The operator performs positioning such that the image of the fundus is positioned at a
desired point while observing the moving image output from the image capturing unit
19 with the monitor 32. Then, the control unit 31 drives the focus lens 16 to perform
focusing operation.

To observe a still image, visible wavelength is used as illumination light. When the
photographing switch 35 is pressed, in the illumination optical system, the control unit
31 switches the optical path length correction glass 42 to the infrared fluorescent ex-
citation filter 51 via the driving unit 45. In the observation and photographing optical
system, the control unit 31 switches the optical path length correction glass 44 to the
infrared fluorescent bandpass filter 53 via the driving unit 46. Further, in synchro-
nization with the shooting, the control unit 31 performs focusing control of the focus
lens 16. Simultaneously, the photographic light source 5 emits light and the still image
photographing is performed. The captured image is displayed on the monitor 32.

The control unit 31 stores a movement amount corresponding to an optical path
difference generated due to a difference between a wavelength within the near-infrared
wavelength range a of around 780 to 1000 nm and a wavelength within an infrared flu-
orescence fluorescence wavelength range d of around 820 to 900 nm shown in Fig. 2E.
In synchronization with the shooting, the control unit 31 moves the focus lens 16 by
the movement amount.

When the still image photographing ends, in order to return to the moving image ob-
servation, the control unit 31 switches the infrared fluorescent excitation filter 51 to the
optical path length correction glass 42. Further, the control unit 31 switches the
infrared fluorescent bandpass filter 53 to the optical path length correction glass 44.
Further, the control unit 31 moves back the focus lens 16 to the original position by the
movement amount.

In the above-described exemplary embodiments of the present invention, a dichroic
mirror that can be inserted into and removed from the observation and photographing
optical path can be used to correct the optical path when a light flux splitting unit for
optical path splitting is inserted or retracted.

Other Embodiments
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Aspects of the present invention can also be realized by a computer of a system or
apparatus (or devices such as a CPU or MPU) that reads out and executes a program
recorded on a memory device to perform the functions of the above-described em-
bodiment(s), and by a method, the steps of which are performed by a computer of a
system or apparatus by, for example, reading out and executing a program recorded on
a memory device to perform the functions of the above-described embodiment(s). For
this purpose, the program is provided to the computer for example via a etwork or from
a recording medium of various types serving as the memory device (e.g., computer-
readable medium).

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all modifications, equivalent structures, and
functions.

This application claims priority from Japanese Patent Applications No. 2009-140270
filed June 11, 2009 and No. 2010-130294 filed June 7, 2010, which are hereby in-

corporated by reference herein in their entirety.
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Claims

An ophthalmologic imaging apparatus that captures an image of a
subject's eye, the apparatus comprising:

a focusing unit configured to focus light returned from the subject's eye
that is illuminated by the light of a first wavelength, onto an imaging
unit; and

a moving unit configured to move the focusing unit based on an optical
path length difference between the light of the first wavelength and the
light of a second wavelength that is different from the first wavelength
when light returned from the subject's eye that is illuminated by the
light of the second wavelength is focused onto the imaging unit.

The ophthalmologic imaging apparatus according to claim 1, wherein
the subject's eye and the imaging unit are conjugate to each other when
the light returned from the subject's eye that is illuminated by the light
of the first and second wavelengths is focused onto the imaging unit.
The ophthalmologic imaging apparatus according to claim 1, further
comprising:

an illumination optical system configured to irradiate the subject's eye
with the light of the first and second wavelengths.

The ophthalmologic imaging apparatus according to claim 1, further
comprising:

an observation light source that generates near-infrared light or visible
light that contains the light of the first wavelength;

a photographing light source that generates visible light that contains
the light of the second wavelength,

wherein, after the subject's eye is observed using the observation light
source, the image of the subject's eye is captured using the pho-
tographing light source.

The ophthalmologic imaging apparatus according to claim 1, wherein
the focusing unit further comprises a focus lens that can move along the
optical path.

The ophthalmologic imaging apparatus according to claim 1, further
comprising:

a display control unit configured to display a moving image or a still
image generated based on an output signal from the imaging unit, on a
display unit.

The ophthalmologic imaging apparatus according to claim 1, further
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comprising:

a wavelength selection unit configured to select the wavelength of the
light to be focused on the imaging unit; and

a control unit configured to control the wavelength selection unit to
insert or retract the wavelength selection unit into or from the optical
path.

An ophthalmologic imaging method for capturing an image of a
subject's eye, the method comprising:

irradiating the subject's eye with the light of a first wavelength;
focusing onto an imaging unit based on an optical path length
difference between the light of the first wavelength and the light of a
second wavelength that is different from the first wavelength; and
irradiating the subject's eye with the light of the second wavelength.
The ophthalmologic imaging method according to claim 8, wherein the
subject's eye and the imaging unit are conjugate to each other when the
light returned from the subject's eye that is illuminated by the light of
the first and second wavelengths is focused onto the imaging unit.

A computer program that executes the ophthalmologic imaging method
according to claim 8 using a computer.

An ophthalmologic imaging apparatus that captures an image of a
subject's eye, the apparatus comprising:

an illumination optical system configured to irradiate the subject's eye
with the light of a first wavelength and the light of a second wavelength
that is different from the first wavelength;

a photographing optical system having a focusing unit configured to
focus light returned from the subject's eye that is illuminated by the il-
lumination optical system, onto an imaging unit; and

a moving unit configured to move the focusing unit based on an optical
path length difference between the light of the first wavelength and the
light of the second wavelength.

The ophthalmologic imaging apparatus according to claim 11, wherein
the fundus of the subject's eye and an imaging surface of the imaging
unit are conjugate to each other when the light returned from the
subject's eye that is illuminated by the light of the first and second

wavelengths is focused onto the imaging unit.
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[Fig. 1B]
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[Fig. 2A]
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[Fig. 2B]
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[Fig. 2C]
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[Fig. 2D]
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