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Description

TECHNICAL FIELD

[0001] The present invention relates to an optical im-
aging apparatus and a method for imaging an optical
image, and particularly to an optical imaging apparatus
and a method for imaging an optical image used for oph-
thalmologic diagnosis and treatment.

BACKGROUND ART

[0002] Optical Coherent Tomography (OCT) using an
interference phenomenon of multi-wavelength light is a
method for acquiring a tomographic image of a sample
(particularly the fundus) with a high resolution. An appa-
ratus for imaging a tomographic image by using such
OCT is hereinafter called "an OCT apparatus". Recently,
by enlarging the beam diameter of a measuring beam in
an OCT apparatus of the Fourier Domain system, a to-
mographic image of the retina can be provided with an
improved lateral the resolution. However, as the beam
diameter of the measuring beam has been enlarged,
there is, at acquisition of a tomographic image of the ret-
ina, presented a problem of decrease in the S/N ratio and
resolution of the tomographic image due to an aberration
in an eye to be inspected. To resolve the problem, an
adaptive optics OCT apparatus having adaptive optics
has been developed in which an aberration in an eye to
be inspected is measured by a wavefront sensor in real
time, the aberration, generated in the eye to be inspected,
of a measuring beam or a return beam are corrected by
a wavefront correcting device, and thereby the apparatus
enables a tomographic image being provided with a high
lateral resolution.
[0003] Regarding an apparatus using such adaptive
optics, Japanese Patent Application Laid-Open No.
2007-14569 proposes an ophthalmologic imaging appa-
ratus capable of acquiring an image of the fundus by
using adaptive optics, a polygon mirror, a galvano-mirror,
etc. in a scanning laser ophthalmoscope (SLO appara-
tus). This ophthalmologic imaging apparatus is adapted
so that an aberration in an eye to be inspected is detected
and an aberration of a return beam formed of a measuring
beam irradiated to a retina is corrected by using the adap-
tive optics, and allows a lateral resolution to be prevented
from being degraded. Also, "Ultrahigh-resolution optical
coherence tomography with monochromatic and chro-
matic aberration correction", Opt. Express 16, 8126
(2008) describes an OCT apparatus of the Fourier Do-
main system in which both of a high lateral resolution and
a high longitudinal resolution are intended to be coexist-
ent by using the adaptive optics and a chromatic aber-
ration correction lens. Here, it is tried to reduce speckles
and improve the contrast of a tomographic image by
measuring and correcting an aberration of a measuring
beam and a return beam generated in an eye to be in-
spected using the adaptive optics, and further averaging

obtained tomographic images of the retina.
[0004] Further relevant prior art comprises the US
2008/225228 A1, US 2008/158508 A1, US 2007/171366
A1 and US 2007/252951. For example, the claims are
delimited against the disclosure of US 2008/225228 A1.

DISCLOSURE OF THE INVENTION

[0005] An ophthalmic apparatus having the conven-
tional adaptive optics described above is, as described
above, adapted so that it can provide an image with a
high lateral resolution by measuring and correcting an
aberration of a measuring beam and a return beam gen-
erated in an eye to be inspected using the adaptive optics.
However, enlarging the beam diameter of a measuring
beam decreases the depth of focus, but an adverse effect
caused due to the enlarging cannot be excluded in these
conventional examples, and the enlargement of the
beam diameter cannot necessarily provide a satisfactory
advantage for acquiring an image with a high resolution.
Further, prior to imaging, optical adjustment is necessary
to be suitable for each of eyes to be inspected as objects,
which forms restriction to imaging.
[0006] An object of the present invention is, in view of
the problems described above, to provide an optical im-
aging apparatus capable of providing a high lateral res-
olution in a wide region and easily adjusting prior to im-
aging for imaging an eye to be inspected as an object,
and a method for imaging an optical image. The present
invention provides an optical imaging apparatus and a
method for imaging an optical image as defined in the
appended claims.
[0007] The present invention can realize an optical im-
aging apparatus capable of providing a high lateral res-
olution in a wide region and easily adjusting prior to im-
aging for imaging an eye to be inspected as an object,
and a method for imaging an optical image.
[0008] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 illustrates a whole configuration of an OCT
apparatus in a first exemplary embodiment of the
present invention.
FIGS. 2A, 2B and 2C illustrate a method for acquiring
an image of the OCT apparatus in the first exemplary
embodiment of the present invention.
FIGS. 3A, 3B, 3C, 3D and 3E illustrate a method for
acquiring a tomographic image of the OCT appara-
tus in the first exemplary embodiment of the present
invention.
FIG. 4 is a flow chart for illustrating a procedure for
acquiring a tomographic image of the OCT appara-
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tus in the first exemplary embodiment of the present
invention.
FIG. 5 illustrates a whole configuration of an OCT
apparatus in a second exemplary embodiment of the
present invention.
FIGS. 6A, 6B, 6C, 6D and 6E illustrate a method for
acquiring a tomographic image of the OCT appara-
tus in the second exemplary embodiment of the
present invention.
FIG. 7 is a flow chart for illustrating a procedure for
acquiring a tomographic image of the OCT appara-
tus in the second exemplary embodiment of the
present invention.
FIG. 8 illustrates a whole configuration of an OCT
apparatus in a third exemplary embodiment of the
present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

[0010] Embodiments of the present invention will be
described with reference to exemplary embodiments be-
low.

Embodiments

Exemplary embodiment 1

[0011] A first exemplary embodiment describes an
OCT apparatus to which the present invention is applied.
Particularly, here, there is given a description of an OCT
apparatus with a high lateral resolution and capable of
imaging both of a planar image (SLO image) and a tom-
ographic image (OCT image) of an eye to be inspected.
In this exemplary embodiment, an optical imaging appa-
ratus is adapted so that a measuring beam from a light
source is irradiated to an object, and a planar image and
a tomographic image of the object are imaged based on
light intensity of a return beam formed of the measuring
beam irradiated to the object. Particularly, the beam from
the light source is split into a measuring beam and a
reference beam, and a return beam formed of the meas-
uring beam irradiated to the object and the reference
beam traveling through a reference light path are com-
bined to interfere with each other, and then a tomographic
image of the object is provided based on intensity of an
interference signal formed from the interference. At this
time, an OCT apparatus of the Fourier Domain system
is adapted so that a plurality of tomographic images hav-
ing a different focus position are composited to form a
single tomographic image, and thereby a good tomo-
graphic image can be provided regardless of a diopter
scale of an eye to be inspected.
[0012] Referring to FIG. 1, first, a whole, schematic
configuration of an optical system of an OCT apparatus
in the present exemplary embodiment is specifically de-
scribed. An OCT apparatus 100 of the exemplary em-
bodiment is, as illustrated in FIG. 1, a Michelson interfer-
ence system as a whole. In FIG. 1, a beam emitted from

a light source 101 is split into a reference beam 105 and
a measuring beam 106 by a beam splitter 103. The meas-
uring beam 106 is reflected or scattered by an eye 107
to be inspected as an object to be observed, forming a
return beam 108, which comes back and is combined
with the reference beam 105 by the beam splitter 103.
The reference beam 105 and the return beam 108, after
being combined, are dispersed into their wavelength
components by a transmission grating 141 and projected
on a line camera 139. The line camera 139 converts light
intensities into a voltage for each of positions (wave-
lengths), and these signals are used to form a tomograph-
ic image of the eye 107 to be inspected. Also, a part of
the return beam 108 is projected to a detector 138 by a
beam splitter 158-3. The detector 138 converts light in-
tensities into voltages, and these signals are used to form
a planar image of the eye 107 to be inspected. In the
exemplary embodiment, the whole optical system is
adapted mainly using a refractive optical system using
lenses, but may be also adapted using a reflective optical
system using spherical mirrors instead of the lenses. Fur-
ther, a part of the optical system may be adapted using
an optical fiber.
[0013] Next, details of the light source 101 are de-
scribed. The light source 101 is a Super Luminescent
Diode (SLD), which is a representative low-coherence
light source. The wavelength is 830 nm, and the band-
width is 50 nm. Here, the bandwidth is an important pa-
rameter because it has an effect on a resolution of the
obtained tomographic image in a direction of the optical
axis. Also, the type of light source selected here is a SLD,
but it may be any type which can emit low-coherence
light, and Amplified Spontaneous Emission (ASE), etc.
may be used. Further, near-infrared light is, with consid-
eration for a measurement of the eye, suitable for the
wavelength. Further, the wavelength is desirably as short
as possible because it has an effect on a resolution of
the obtained tomographic image in a lateral direction,
and here 830 nm has been selected as the wavelength.
Another wavelength may be selected dependent on a
position to be measured of an object. The beam emitted
from the light source 101 passes through a single-mode
fiber 110, and is directed to a lens 111 and adjusted to
be a collimated beam having the beam diameter of 2 mm.
[0014] Next, a light path of the reference beam 105 is
described. The reference beam 105 split by the beam
splitter 103 is projected on a mirror 114-2 to turn its di-
rection, projected on a mirror 114-1, and reflected there-
from, and then goes back toward the beam splitter 103.
Next, the reference beam 105 passes through the beam
splitter 103 and is directed to the line camera 139. Here,
a dispersion compensation glass compensates the ref-
erence beam 105 for dispersion produced when the
measuring beam 106 goes to and comes back from the
eye 107 to be inspected. It is, here, supposed that a rep-
resentative value of the average diameter of Japanese
eyeballs, L1 = 23 mm, is set. Further, an electrical stage
117-1 can move in the directions shown by the arrow,
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and adjust and control the light path length of the refer-
ence beam 105. Also, the electrical stage 117-1 can be
controlled by a personal computer 125 at a high speed.
[0015] Next, a light path of the measuring beam 106
is described. The measuring beam 106 split by the beam
splitter 103 passes through beam splitters 158-3 and
158-1, and lenses 120-3 and 120-4 and is projected on
a mirror of an XY scanner 119. Here, for the simplicity,
the XY scanner 119 is illustrated as one mirror, but ac-
tually the XY scanner 119 has two mirrors, a mirror for X
scanning and a mirror for Y scanning, disposed close to
each other therein, and scans the retina 127 in the direc-
tion perpendicular to the optical axis in the raster scan
mode. Also, the center of the measuring beam 106 is
adjusted to coincide with the rotation center of the mirror
of the XY scanner 119. Lenses 120-1 and 120-2 form an
optical system for scanning the retina 127 and play a role
in scanning the retina 127 with the measuring beam 106
using the vicinity of the cornea 126 as a pupil of the optical
system. Here, the focus distances of the lenses 120-1
and 120-2 are 50 mm and 40 mm, respectively. Here,
the measuring beam 106 has the beam diameter of 2
mm, and the depth of focus of about 250 mm in the eye
107 to be inspected. The beam diameter may be more
enlarged to acquire a tomographic image with a higher
resolution. However, because the depth of focus is in-
versely proportional to the square of the beam diameter,
optical adjustment becomes difficult. Further, an electri-
cal stage 117-2 can move in the directions shown by the
arrow, and adjust and control a position of the lens 120-2
which is a focus lens attached thereto. By adjusting the
position of the lens 120-2, the measuring beam 106 can
be focused on a predetermined layer in the retina 127 of
the eye 107 to be inspected, and observing can be per-
formed. Further, the case of the eye 107 to be inspected
having a refractive error can be addressed. When the
measuring beam 106 is projected in the eye 107 to be
inspected, it is reflected or scattered by the retina 127 to
form the return beam 108, which is reflected by the beam
splitter 103 and directed to the line camera 139. Also, a
part of the return beam 108 is reflected by the beam split-
ter 158-3 and directed to the detector 138 through a lens
120-5. Here, a shield plate 172 has a pin hole and plays
a role in blocking an unnecessary beam, i.e. the beam
not focused on the retina 127, in the return beam 108.
Also, the pin hole of the shield plate 172 is disposed to
become conjugate with a focus position of the lens 120-5.
Also, the diameter of the pin hole is, for example, 50 mm.
The detector 138 used is, for example, an Avalanche
Photo Diode (APD) which is a high-speed, high-sensitiv-
ity optical sensor. Here, the electrical stage 117-2 can
be controlled by the personal computer 125, which char-
acterizes the present embodiment.
[0016] Also, a part of the return beam 108 split by the
beam splitter 158-1 is projected on a wavefront sensor
155 (as an aberration detecting device of the present
embodiment), and an aberration of the return beam 108
is measured. The wavefront sensor 155 is electrically

connected to the personal computer 125. The lenses
120-1, 120-2, 120-3 and 120-4 are disposed so that the
cornea 126, the XY scanner 119 and the wavefront sen-
sor 155 become approximately optically conjugate with
each other, and an aberration in the eye 107 to be in-
spected can be measured by the wavefront sensor 155.
Further, the position of the lens 120-2 is adjusted and
controlled based on the obtained aberration so that the
measuring beam 106 can be focused on a predetermined
layer in the retina 127. Here, the lens 120-2 used is a
spherical lens, but a cylindrical lens may be used for the
lens 120-2 dependent on an aberration (refractive error)
in the eye 107 to be inspected. Also, another lens may
be added to the light path of the measuring beam 106.
A cylindrical lens can effectively correct the astigmatism
in a Zernike polynomial, and also is effective in the case
where the eye 107 to be inspected is astigmatic.
[0017] Next, a configuration of a measuring system in
the OCT apparatus of the exemplary embodiment is de-
scribed. The OCT apparatus 100 can provide a tomo-
graphic image (OCT image) formed of intensities of an
interference signal generated by a Mickelson interfer-
ence system. This measuring system is described. A part
of the return beam 108 formed of a beam reflected or
scattered by the retina 127 is reflected by the beam split-
ter 103. Here, the reference beam 105 and the return
beam 108 are adjusted to be combined with each other
at the back of the beam splitter 103. Then, the combined
beam 142 is dispersed into its wavelength components
by the transmission grating 141, which are condensed
by a lens 135, and light intensities are converted into a
voltage for each of positions (wavelengths) by the line
camera 139. Specifically, an interference pattern in a
spectral region in the wavelength axis will be observed
on the line camera 139.
[0018] The obtained group of voltage signals are con-
verted into digital values by a frame grabber 140, which
are data processed by the personal computer 125 to form
a tomographic image. In the exemplary embodiment, the
line camera 139 has 1024 pixels and can provide inten-
sities of the combined beam 142 for each of wavelengths
(1024 division). Also, the OCT apparatus 100 can provide
a planar image (SLO image) formed of intensities of the
return beam 108. Then, a measuring system for the pur-
pose is described. A part of the return beam 108 which
is a beam reflected or scattered by the retina 127 is re-
flected by the beam splitter 158-3. The reflected beam,
after an unnecessary beam therein is blocked by the
shield plate 172, arrives at the detector 138, and light
intensities are converted into electrical signals. The ob-
tained electrical signals are data processed in synchro-
nization with a scan signal by the personal computer 125
to form a planar image. Also, a part of the return beam
108 split by the beam splitter 158-1 is projected on the
wavefront sensor 155, and an aberration of the return
beam 108 is measured. The wavefront sensor 155 is of
the Shack-Hartmann system. The obtained aberration is
expressed in a Zernike polynomial, which expresses an
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aberration of the eye 107 to be inspected. The Zernike
polynomial includes terms of tilt, defocus, astigmatism,
coma, trefoil, etc.
[0019] Next, a method for acquiring a tomographic im-
age using an OCT apparatus is described. The OCT ap-
paratus 100 controls the XY scanner 119 so that the line
camera 139 acquires an interference pattern, and there-
by a tomographic image of the retina 127 can be provided
(see FIG. 1). Here, with reference to FIGS. 2A, 2B and
2C, a method for acquiring a tomographic image of the
retina 127 (plane parallel to the optical axis) is described.
FIG. 2A is a schematic view of an eye 107 to be inspected,
and illustrates a situation in which the eye 107 to be in-
spected is observed by the OCT apparatus 100. As illus-
trated in FIG. 2A, when the measuring beam 106 is pro-
jected through the cornea 126 on the retina 127, it is
reflected or scattered at various positions to form the re-
turn beam 108, which arrives at the line camera 139 with
a time delay at each of positions. Here, if the light source
101 has a wide bandwidth and a short coherence length,
and accordingly the light path length of the reference light
path is approximately equal to that of the measuring light
path, then the line camera 139 can detect an interference
pattern. As described above, what is acquired by the line
camera 139 is an interference pattern in a spectral region
in the wavelength axis. Next, the interference pattern
which is information in the wavelength axis is converted
into an interference pattern in the light frequency axis
with consideration for characteristics of the line camera
139 and the transmission grating 141. Further, the con-
verted interference pattern in the light frequency axis is
inversely Fourier transformed, and thereby information
in the depth direction can be provided.
[0020] Further, as illustrated in FIG. 2B, by detecting
an interference pattern while driving X axes of the XY
scanner 119, an interference pattern can be provided for
each position of each X axis, that is, information for each
position of each X axis in the depth direction can be pro-
vided. As the result, a two-dimensional distribution of in-
tensities of the return beam 108 in the XZ plane can be
provided, which is namely a tomographic image 132 (see
FIG. 2C). Originally, the tomographic image 132 is, as
described above, an array in which intensities of the re-
turn beam 108 are arranged, and, for example, the in-
tensities are displayed in a gray scale. In Fig. 2C, only
the boundaries of the obtained tomographic image are
displayed to make an emphasis. The retinal pigment ep-
ithelium is shown by the number 146, and the optic nerve
fiber layer is shown by the number 147. Next, a method
for acquiring a planar image using an OCT apparatus is
described. The OCT apparatus 100 controls the XY scan-
ner 119 so that the detector 138 detects intensities of the
return beam 108, and thereby a planar image of the retina
127 can be provided (see FIG. 1). Here, with reference
to FIGS. 2A and 2B, a method for acquiring a planar
image of the retina 127 (plane perpendicular to the optical
axis) is described. FIG. 2A is a schematic view of an eye
107 to be inspected, and illustrates a situation in which

the eye 107 to be inspected is observed by the OCT
apparatus 100. As illustrated in FIG. 2A, when the meas-
uring beam 106 is projected through the cornea 126 on
the retina 127, it is reflected or scattered at various po-
sitions to form the return beam 108, which arrives at the
detector 138. Further, as illustrated in FIG. 2B, by detect-
ing intensities of the return beam 108 while driving X axes
of the XY scanner 119, information for each position of
each X axis can be provided. Further, by detecting inten-
sities of the return beam 108 while driving Y axes of the
XY scanner 119, a two-dimensional distribution of inten-
sities of the return beam 108 in the XY plane can be
provided, which is namely a planar image.
[0021] Next, there is given a description of a procedure
which characterizes the present embodiment for acquir-
ing a tomographic image using an OCT apparatus with
reference to FIGS. 1, 3A, 3B, 3C, 3D, 3E, and 4. Here,
a procedure for acquiring a tomographic image is de-
scribed, but a similar procedure can be also applied to
acquiring a planar image. Here, as illustrated in FIG. 1,
the OCT apparatus 100 controls the position of the lens
120-2 using the electrical stage 117-2, based on an ab-
erration of the eye 107 to be inspected obtained by the
wavefront sensor 155. According to this, a plurality of
tomographic images are acquired, and these tomograph-
ic images are composited with each other, and thereby
a tomographic image can be provided. Here, the case
where two tomographic images are acquired is de-
scribed, but the number of tomographic images to be
acquired may be any number. Particularly, if the beam
diameter of the measuring beam 106 is large, the depth
of focus of the measuring beam 106 becomes short, and
accordingly acquiring and compositing many tomograph-
ic images are effective.
[0022] FIGS. 3A, 3B, 3C, 3D and 3E illustrate proce-
dures of the OCT apparatus 100 for acquiring a tomo-
graphic image. Here, as illustrated in FIGS. 3A, 3B, 3C,
3D and 3E, a device for acquiring a tomographic image
of the retina 127 in a myopic eye 107 to be inspected is
adapted. Of course, if the eye 107 to be inspected is
hyperopic or astigmatic, a similar device may be applied.
The method for acquiring a tomographic image is such
that the following steps (1) to (6) are, for example, suc-
cessively executed in this order. Alternatively, the steps
may return suitably. FIG. 4 is a flow diagram for illustrating
a procedure for acquiring a tomographic image described
above.

(1) At step 1 (S11 in FIG. 4), while an eye 107 to be
inspected is fixed to a fixation lamp 156 (fixation tar-
get), the measuring beam 106 is irradiated to the eye
107 to be inspected. Here, the position of the lens
120-2 is adjusted so that the measuring beam 106
is irradiated to the eye 107 to be inspected while
being kept in a collimated beam (see FIG. 3A). Then,
at step 2 (S12 in FIG. 4), the return beam 108 is
measured by the wavefront sensor 155, and thereby
an aberration of the return beam 108 is obtained (first
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step).
(2) At step 3 (S13 in FIG. 4), the obtained aberration
is converted into a Zernike polynomial by the per-
sonal computer 125, and a defocus component
thereof is recorded in memory (second step). This
expresses a diopter scale of the eye 107 to be in-
spected.
(3) At step 4 (S14 in FIG. 4), the position of the lens
120-2 is adjusted using the electrical stage 117-2 so
that the defocus component is minimized (third step).
Here, the measuring beam 106 is kept focused on
the vicinity of the retinal pigment epithelium 127 (not
shown) (see FIG. 3B). For example, if the diopter
scale of the eye 107 to be inspected is - 5D, the
position of the lens 120-2 is moved to the side of the
lens 120-1 by 8 mm.
(4) At step 5 (S15 in FIG. 4), by detecting an inter-
ference pattern by the line sensor 139 while driving
X axes of the XY scanner 119, a first tomographic
image 157-1 (XZ plane) is obtained (see FIG. 3C).
Here, dashed lines in the tomographic image 157
schematically illustrate that a lateral resolution and
a contrast are low. That is, it is illustrated that the
tomographic image 157-1 is well imaged at the vi-
cinity of the retinal pigment epithelium 146.
(5) At step 6 (S16 in FIG. 4), the electrical stage
117-2 is controlled using the personal computer 125
to adjust the position of the lens 120-2 so that the
measuring beam 106 is focused on the vicinity of the
optic nerve fiber layer 147 (fifth step). Here, a dis-
placement magnitude of the lens 120-2 is deter-
mined based on a diopter scale of the eye 107 to be
inspected detected in the step (2). Then, at step 7
(S17 in FIG. 4), similar to the step (4) described
above, a second tomographic image 157-2 is ob-
tained (see FIG. 3D).
(6) At step 8 (S18 in FIG. 4), the first tomographic
image 157-1 and the second tomographic image
157-2 are composited with each other to obtain a
tomographic image 132 (see FIG. 3E). Here, the to-
mographic image 132 shows a good resolution and
a good contrast in the whole measured region.

[0023] As described above, by adapting a focus ad-
justing device for adjusting a focus lens based on an ab-
erration, the focus lens can be adjusted so that an aber-
ration contained in the object itself is measured, and the
aberration can be corrected. As the result, a planar image
and a tomographic image can be provided with a high
lateral resolution and a high measurement sensitivity. Al-
so, a focused state can be quantified, and thereby the
focus lens can be easily adjusted, and accordingly an
adjustment prior to imaging can be easily performed. Al-
so, the focus lens can be adjusted based on a defocus
component. Note that the case based on the defocus
component has been described in the procedures de-
scribed above, but it can be adapted so that the focus
lens is adjusted based on at least any one of the defocus

component and the astigmatic component. It is particu-
larly effective when a cylindrical lens is used for the focus
lens. As a result, the focus lens can be properly adjusted
even when the eye to be inspected is myopic, hyperopic
or astigmatic. Also, there can be provided the fixation
target to which the eye to be inspected as an object is
fixed, and thereby a tomographic image can be provided
without a blur. Also, there can be provided a construction
in which a single tomographic image is obtained by com-
positing a plural of tomographic images with different fo-
cus positions, and thereby the tomographic image can
be provided with a high lateral resolution in a wide region
in a direction of the optical axis.

Exemplary embodiment 2

[0024] A second exemplary embodiment describes an
OCT apparatus to which the present invention is applied.
Here, particularly, there is given a description of an OCT
apparatus with a high lateral resolution for imaging a to-
mographic image (OCT image) of an eye to be inspected.
The present exemplary embodiment provides an OCT
apparatus of the Fourier Domain system for acquiring a
tomographic image by correcting an aberration, gener-
ated in the eye to be inspected, of a measuring beam or
a return beam are inspected using a deformable mirror
(as an aberration correcting device of the present em-
bodiment), and the OCT apparatus is adapted so that a
good tomographic image can be provided regardless of
a diopter scale and/or an aberration of the eye to be in-
spected. Referring to FIG. 5, first, there is given a de-
scription of a whole, schematic configuration of an optical
system of an OCT apparatus in the exemplary embodi-
ment. In FIG. 5, a similar component to that of the first
exemplary embodiment in FIG. 1 is designated by an
identical symbol, and a description of a common part is
omitted. In FIG. 5, an optical coupler is designated by
the number 131, and lenses are designated by the num-
bers 135-1, 135-2, 135-3, 135-4, 135-5, 135-6, 135-7,
135-8, 135-9 and 135-10. Single-mode fibers are desig-
nated by the numbers 130-1, 130-2, 130-3 and 130-4,
and polarization controllers are designated by the num-
bers 153-1, 153-2, 153-3 and 153-4. A deformable mirror
is designated by the number 159.
[0025] An OCT apparatus 100 of the exemplary em-
bodiment is, as illustrated in FIG. 5, a Michelson interfer-
ence system as a whole. In FIG. 5, a beam emitted from
a light source 101 passes through the optical fiber 130-1
and is split into a reference beam 105 and a measuring
beam 106 with the ratio of 90:10 by the optical coupler
131. The measuring beam 106 is directed through the
optical fiber 130-4, the deformable mirror 159, an XY
scanner 119, etc. to an eye 107 to be inspected as an
object to be observed. Further, the measuring beam 106
is reflected or scattered at the eye 107 to be inspected
to form a return beam 108, which comes back and is
combined with the reference beam 105 by the optical
coupler 131. The reference beam 105 and the return
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beam 108, after being combined, are projected on the
line camera 139, and the obtained light intensities are
used to form a tomographic image of the eye 107 to be
inspected.
[0026] Next, details of the light source 101 are de-
scribed. The light source 101 is a Super Luminescent
Diode (SLD) which is a representative, low-coherence
light source, and similar to the light source 101 of the first
exemplary embodiment, and accordingly a description
thereof is omitted. The beam emitted from the light source
101 passes through the single-mode fiber 130-1, and is
directed to the optical coupler 131 and split into beams
with the ratio of 90:10, which are the reference beam 105
and the measuring beam 106, respectively.
[0027] Next, a light path of the reference beam 105 is
described. The reference beam 105 split by the optical
coupler 131 passes through the single-mode fiber 130-2
and is directed to the lens 135-1 and adjusted to be a
collimated beam having the beam diameter of 2 mm.
Next, the reference beam 105 is directed through the
mirrors 114-2 and 114-3 to the mirror 114-1 which is a
reference mirror. Next, the reference beam 105 is reflect-
ed by the mirror 114-1 and directed back to the optical
coupler 131. Here, a dispersion compensation glass 115
through which the reference beam 105 passed compen-
sates the reference beam 105 for dispersion produced
when the measuring beam 106 goes to and comes back
from the eye 107 to be inspected through the lenses
135-4, 135-5, 135-6, 135-7, 135-8, 135-9 and 135-10.
The dispersion compensation glass 115 has the length
of L2, and here, it is set to L2 = 50 mm. Further, an elec-
trical stage 117-1 can move in the directions shown by
the arrow, and adjust and control the light path length of
the reference beam 105. Also, the electrical stage 117-1
is controlled by a personal computer 125.
[0028] Next, a light path of the measuring beam 106
is described. The measuring beam 106 split by the optical
coupler 131 passes through the single-mode fiber 130-4
and is directed to the lens 135-4 and adjusted to be a
collimated beam having the beam diameter of 2 mm. The
measuring beam 106 passes through the beam splitter
158-2 and the lenses 135-5 and 135-6, and is projected
on the deformable mirror 159. Here, the deformable mir-
ror 159 is a mirror device for correcting an aberration of
the measuring beam 106 and the return beam 108 by
changing the mirror form thereof as desired, based on
an aberration detected by the wavefront sensor 155. In
this embodiment the deformable mirror has been used
as a device for correcting an aberration, but the device
may be any device capable of correcting an aberration,
and a spatial light modulator using liquid crystal, etc. may
be used. Next, the measuring beam 106 passes through
the lenses 135-7 and 135-8, and is projected on a mirror
of the XY scanner 119. In this embodiment, the XY scan-
ner 119 is, for the simplicity, illustrated as one mirror, but
actually the XY scanner 119 has two mirrors, a mirror for
X scanning and a mirror for Y scanning, disposed close
to each other therein, and scans the retina 127 in the

direction perpendicular to the optical axis in the raster
scan mode. Also, the center of the measuring beam 106
is adjusted to coincide with the rotation center of the mir-
ror of the XY scanner 119. The lenses 135-9 and 135-10
form an optical system for scanning the retina 127, and
play a role in scanning the retina 127 with the measuring
beam 106 using the vicinity of the cornea 126 as a pupil
of the optical system. In this embodiment, the focus dis-
tances of the lenses 135-9 and 135-10 are 50 mm and
40 mm, respectively. Also, an electrical stage 117-2 can
move in the directions shown by the arrow, and adjust
and control a position of the attached lens 135-10. By
adjusting the position of the lens 135-10, the measuring
beam 106 can be focused on a predetermined layer in
the retina 127 in the eye 107 to be inspected, and thereby
observation can be performed. Also, the case of the eye
107 to be inspected having a refractive error can be ad-
dressed. When the measuring beam 106 is projected in
the eye 107 to be inspected, it is reflected or scattered
by the retina 127 to form the return beam 108, which is
directed by the optical coupler 131 again to arrive at the
line camera 139. The electrical stage 117-2 can be con-
trolled by the personal computer 125, which character-
izes the present exemplary embodiment.
[0029] Also, a part of the return beam 108 split by the
beam splitter 158-2 is projected on the wavefront sensor
155, and an aberration of the return beam 108 is meas-
ured. The wavefront sensor 155 is electrically connected
to the personal computer 125. The obtained aberration
is expressed by using the personal computer 125 in a
Zernike polynomial, which shows an aberration con-
tained in the eye 107 to be inspected. The obtained ab-
erration is expressed in the Zernike polynomial. Further,
the position of the lens 135-10 is controlled by using the
electrical stage 117-2 so that a defocus component in
the Zernike polynomial can be corrected. A component
except the defocus component can be corrected by con-
trolling the form of the surface of the deformable mirror
159, which characterizes the exemplary embodiment.
Here, the lenses 135-5, 135-6, 135-7, 135-8, 135-9 and
135-10 are disposed so that the cornea 126, the XY scan-
ner 119, the wavefront sensor 155 and the deformable
mirror 159 become optically conjugate with each other,
and thereby the wavefront sensor 155 can measure an
aberration contained in the eye 107 to be inspected.
Here, the lens 135-10 used is a spherical lens, but a
cylindrical lens may be used for the lens 135-10 depend-
ent on an aberration (refractive error) in the eye 107 to
be inspected. Also, another lens may be added to the
light path of the measuring beam 106. A cylindrical lens
can effectively correct the astigmatism in the Zernike pol-
ynomial, and also is effective in the case where an eye
107 to be inspected is astigmatic. Further, the position
of the lens 135-10 is adjusted and controlled based on
the obtained aberration, and the measuring beam 106 is
kept focused on a predetermined layer in the retina 127,
and then the form of the surface of the deformable mirror
159 is controlled. Thus, an aberration produced in the
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eye 107 to be inspected is corrected, and thereby a to-
mographic image can be provided with a higher lateral
resolution.
[0030] Next, a configuration of a measuring system in
the OCT apparatus of the exemplary embodiment is de-
scribed. The OCT apparatus 100 can provide a tomo-
graphic image (OCT image) formed of intensities of an
interference signal generated by a Mickelson interfer-
ence system. This measuring system is described. The
return beam 108 which is a beam reflected or scattered
by the retina 127 is combined with the reference beam
105 by the optical coupler 131. Then, the combined beam
142 passes through the optical fiber 130-3 and the lens
135-2 and is projected on the transmission grating 141.
Also, the combined beam 142 is dispersed into its wave-
length components by the transmission grating 141,
which are condensed by the lens 135-2, and light inten-
sities are converted into a voltage for each of positions
(wavelengths) by the line camera 139. Specifically, an
interference pattern in a spectral region in the wavelength
axis will be observed on the line camera 139.
[0031] The obtained group of voltage signals are con-
verted into digital values by the frame grabber 140, which
are data processed by the personal computer 125 to form
a tomographic image. Here, the line camera 139 has
1024 pixels, and can provide intensities of the combined
beam 142 for each of wavelengths (1024 division). Also,
a part of the return beam 108 split by the beam splitter
158-2 is projected on the wavefront sensor 155, and an
aberration of the return beam 108 is measured. The
wavefront sensor 155 is of the Shack-Hartmann system.
The obtained aberration is expressed in a Zernike poly-
nomial, which expresses an aberration of the eye 107 to
be inspected. The Zernike polynomial includes terms of
tilt, defocus, astigmatism, coma, trefoil, etc. Note that the
method for acquiring a tomographic image using an OCT
apparatus is identical to that of the first exemplary em-
bodiment, and a description thereof is omitted. The OCT
apparatus 100 can provide a tomographic image of the
retina 127 by controlling the XY scanner 119 and acquir-
ing an interference pattern using the line camera 139.
[0032] Next, there is given a description of a procedure
which characterizes the present embodiment for acquir-
ing a tomographic image using an OCT apparatus with
reference to FIGS. 5, 6A, 6B, 6C, 6D, 6E, and 7. Here,
in the OCT apparatus 100, an aberration, generated in
the eye to be inspected, of a measuring beam or a return
beam is corrected by controlling the form of the surface
of the deformable mirror 159 based on an aberration in
the eye 107 to be inspected detected by the wavefront
sensor 155, and thereby a tomographic image can be
provided with a higher lateral resolution. Further, the ab-
erration is kept corrected using the deformable mirror
159, and the position of the lens 135-10 is controlled us-
ing the electrical stage 117-2, and thus two tomographic
images are acquired and composited with each other,
and thereby a tomographic image can be provided with
a high lateral resolution (see FIG. 5). In this embodiment

the two tomographic images are acquired, but the
number of tomographic images to be acquired may be
any number. Particularly, if the beam diameter of the
measuring beam is large, the depth of focus of the meas-
uring beam 106 becomes short, and accordingly acquir-
ing and compositing many tomographic images are ef-
fective.
[0033] FIGS. 6A, 6B, 6C, 6D and 6E illustrate proce-
dures of the OCT apparatus 100 for acquiring a tomo-
graphic image. Here, a device for acquiring a tomograph-
ic image of the retina 127 in a myopic eye 107 to be
inspected is described. The method for acquiring a tom-
ographic image is such that the following steps (1) to (7)
are, for example, successively executed in this order.
Alternatively, the steps may return suitably. Also, the
method may be configured so that the following steps
are automatically executed using a computer, etc. FIG.
7 is a flow diagram for illustrating a procedure for acquir-
ing a tomographic image described above.

(1) At step 1 (S21 in FIG. 7), while an eye 107 to be
inspected is fixed to a fixation lamp 156, the meas-
uring beam 106 is irradiated to the eye 107 to be
inspected. In this embodiment, the position of the
lens 135-10 is adjusted so that the measuring beam
106 is irradiated to the eye 107 to be inspected while
being kept in a collimated beam (see FIG. 6A). The
beam diameter of the measuring beam 106 is 2 mm,
and the depth of focus is about 250 mm in the eye
107 to be inspected. Then, at step 2 (S22 in FIG. 7),
the return beam 108 is measured by the wavefront
sensor 155, and at step 3 (S23 in FIG. 7), an aber-
ration of the return beam 108 is obtained (first step).
(2) The obtained aberration is converted into a
Zernike polynomial by the personal computer 125,
and a defocus component thereof is recorded in
memory (second step). This expresses a diopter
scale of the eye 107 to be inspected.
(3) At step 4 (S24 in FIG. 7), the position of the lens
135-10 is adjusted using the electrical stage 117-2
so that the defocus component is minimized (third
step). Here, the measuring beam 106 is kept focused
on the vicinity of the retinal pigment epithelium 127
(not shown) (see FIG. 6B).
(4) At step 5 (S25 in FIG. 7), the return beam 108 is
measured by the wavefront sensor 155 to obtain an
aberration of the eye 107 to be inspected. At step 6
(S26 in FIG. 7), the form of the surface of the de-
formable mirror 159 is controlled so that the obtained
aberration is minimized (fourth step). In this embod-
iment, in order that the aberration is minimized, the
form of the surface of the deformable mirror 159 is
controlled in real time by means of feedback control
using the wavefront sensor 155, the deformable mir-
ror 159 and the personal computer 125. Here, the
feedback control may be conducted without regard
for one of the defocus component and an astigmatic
component of the aberration, so that the high speed

13 14 



EP 2 427 094 B1

9

5

10

15

20

25

30

35

40

45

50

55

of the controlling is realized.
(5) At step 7 (S27 in FIG. 7), by detecting an inter-
ference pattern by the line sensor 139 while driving
X axis of the XY scanner 119, a first tomographic
image 157-1 (XZ plane) is obtained (see FIG. 6C).
Here, dashed lines in the tomographic image 157
schematically illustrate that a lateral resolution and
a contrast are low. That is, it is illustrated that the
tomographic image 157-1 is imaged well at the vi-
cinity of the retinal pigment epithelium 146.
(6) At step 8 (S28 in FIG. 7), the electrical stage
117-2 is controlled using the personal computer 125
to adjust the position of the lens 135-10 so that the
measuring beam 106 is focused on the vicinity of the
optic nerve fiber layer 147 (fifth step). Here, a dis-
placement magnitude of the lens 135-10 is deter-
mined based on the diopter scale of the eye 107 to
be inspected measured in the step (2). Then, at step
9 (S29 in FIG. 7), similar to the step (4) described
above, a second tomographic image 157-2 is ob-
tained (see FIG. 6D).
(7) At step 10 (S30 in FIG. 7), the first tomographic
image 157-1 and the second tomographic image
157-2 are composited with each other to obtain a
tomographic image 132 (see FIG. 6E). In this em-
bodiment, the tomographic image 132 shows a good
resolution and a good contrast in the whole meas-
ured region. Further, in the exemplary embodiment,
because the aberration in the eye 107 to be inspect-
ed is corrected, a tomographic image can be provid-
ed with a high resolution and a high contrast, com-
pared to the first exemplary embodiment.

Exemplary embodiment 3

[0034] A third exemplary embodiment describes an
OCT apparatus to which the present invention is applied.
In this embodiment, particularly, there is given a descrip-
tion of an OCT apparatus with a high lateral resolution
for imaging a tomographic image (OCT image) of an eye
to be inspected. The present exemplary embodiment pro-
vides an OCT apparatus of the Fourier Domain system
for acquiring a tomographic image by correcting an ab-
erration in an eye to be inspected using a deformable
mirror (as an aberration correcting device of the present
embodiment), and the OCT apparatus is adapted so that
a good tomographic image can be provided regardless
of a diopter scale and/or an aberration in the eye to be
inspected. In the exemplary embodiment, a whole optical
system includes a reflective optical system mainly using
spherical mirrors. Referring to FIG. 8, first, there is given
a description of a whole, schematic configuration of an
optical system of an OCT apparatus in the exemplary
embodiment. In FIG. 8, a similar component to that of
the second exemplary embodiment in FIG. 5 is designat-
ed by an identical symbol, and a description of a common
part is omitted. In FIG. 8, mirrors are designated by the
numbers 114-2, 114-3, 114-4, and 114-5, and spherical

mirrors are designated by the numbers 160-1, 160-2,
160-3, 160-4, 160-5, 160-6, 160-7, 160-8 and 160-9.
[0035] An OCT apparatus 100 of the exemplary em-
bodiment is, as illustrated in FIG. 8, a Michelson interfer-
ence system as a whole. In FIG. 8, a beam emitted from
a light source 101 passes through an optical fiber 130-1
and is split into a reference beam 105 and a measuring
beam 106 with the ratio of 90:10 by an optical coupler
131. The measuring beam 106 is directed through an
optical fiber 130-4, the spherical mirror 160-1, 160-2,
160-3, 160-4, 160-5, 160-6, 160-7, 160-8 and 160-9, a
deformable mirror 159, an XY scanner 119, etc. to an
eye 107 to be inspected as an object to be observed.
Further, the measuring beam 106 is reflected or scattered
at the eye 107 to be inspected to form a return beam 108,
which comes back and is combined with the reference
beam 105 by the optical coupler 131. The reference beam
105 and the return beam 108, after being combined, are
projected on a line camera 139, and the obtained light
intensities are used to form a tomographic image of the
eye 107 to be inspected.
[0036] Next, details of the light source 101 are de-
scribed. The light source 101 is a Super Luminescent
Diode (SLD) which is a representative, low-coherence
light source, and similar to the light source 101 of the first
exemplary embodiment, and accordingly a description
thereof is omitted. The beam emitted from the light source
101 passes through the single-mode fiber 130-1, and is
directed to the optical coupler 131 and split into beams
with the ratio of 90:10, which are the reference beam 105
and the measuring beam 106, respectively.
[0037] Next, a light path of the reference beam 105 is
described. The reference beam 105 split by the optical
coupler 131 passes through a single-mode fiber 130-2,
and is directed to a lens 135-1 and adjusted to be a col-
limated beam having the beam diameter of 2 mm. Next,
the reference beam 105 is directed through the mirrors
114-2, 114-3, 114-4 and 114-5 to a mirror 114-1 which
is a reference mirror. Next, the reference beam 105 is
reflected by the mirror 114-1 and directed back to the
optical coupler 131. A dispersion compensation glass
115 through which the reference beam 105 passed com-
pensates the reference beam 105 for dispersion pro-
duced when the measuring beam 106 goes to and comes
back from the eye 107 to be inspected. The dispersion
compensation glass 115 has the length of L3, and in this
embodiment, it is set to L3 = 40 mm. Further, an electrical
stage 117-1 can move in the directions shown by the
arrow, and adjust and control the light path length of the
reference beam 105. Also, the electrical stage 117-1 is
controlled by a personal computer 125. Also, the light
path length of the reference beam 105 is approximately
equal to the light path length of the measuring beam 106
described below. Therefore, the light path length of the
reference beam 105 is longer, compared to the second
exemplary embodiment.
[0038] Next, a light path of the measuring beam 106
is described. The measuring beam 106 split by the optical

15 16 



EP 2 427 094 B1

10

5

10

15

20

25

30

35

40

45

50

55

coupler 131 passes through the single-mode fiber 130-4,
and is directed to a lens 135-4 and adjusted to be a col-
limated beam having the beam diameter of 2 mm. The
measuring beam 106 is projected through a beam splitter
158-1 and the spherical mirrors 160-1 and 160-2 on the
deformable mirror 159. Here, the deformable mirror 159
is a mirror device for correcting an aberration of the meas-
uring beam 106 and the return beam 108 by changing
the mirror form thereof as desired, based on an aberration
detected by a wavefront sensor 155. Here the deformable
mirror has been used as a device for correcting an ab-
erration, but the device may be any device capable of
correcting an aberration, and a spatial light modulator
using liquid crystal, etc. may be also used. Next, the
measuring beam 106 passes through the lenses 160-3,
160-4, 160-5 and 160-6 and is projected on a mirror of
the XY scanner 119. In this embodiment, for the simplic-
ity, the XY scanner 119 is illustrated as one mirror, but
actually the XY scanner 119 has two mirrors, a mirror for
X scanning and a mirror for Y scanning, disposed close
to each other therein, and scans the retina 127 in the
direction perpendicular to the optical axis in the raster
scan mode. Also, the center of the measuring beam 106
is adjusted to coincide with the rotation center of the mir-
ror of the XY scanner 119. The spherical mirrors 160-7,
160-8 and 160-9 form an optical system for scanning the
retina 127, and play a role in scanning the retina 127 with
the measuring beam 106 using the vicinity of the cornea
126 as a pupil of the optical system. An electrical stage
117-2 can move in the directions shown by the arrow,
and adjust and control a position of the attached spherical
mirror 160-8. By adjusting the position of the spherical
mirror 160-8, the measuring beam 106 can be focused
on a predetermined layer in the retina 127 in the eye 107
to be inspected, and thereby observation of it can be
performed. Also, the case of the eye 107 to be inspected
having a refractive error can be addressed. When the
measuring beam 106 is projected in the eye 107 to be
inspected, it is reflected or scattered by the retina 127 to
form the return beam 108, which is directed by the optical
coupler 131 again to arrive at the line camera 139. The
electrical stage 117-2 can be controlled by the personal
computer 125, which characterizes the present embod-
iment.
[0039] Also, a part of the return beam 108 split by the
beam splitter 158-1 is projected on the wavefront sensor
155, and an aberration of the return beam 108 is meas-
ured. The wavefront sensor 155 is electrically connected
to the personal computer 125. The obtained aberration
is expressed by using the personal computer 125 in a
Zernike polynomial, which shows an aberration con-
tained in the eye 107 to be inspected. The obtained ab-
erration is expressed in the Zernike polynomial, which
characterizes the present embodiment. Further, a defo-
cus component in the Zernike polynomial can be correct-
ed by controlling the position of the spherical mirror 160-8
using the electrical stage 117-2. A component except the
defocus component can be corrected by controlling the

form of the surface of the deformable mirror 159, which
characterizes the present embodiment. In this embodi-
ment, the spherical mirrors 160-1, 160-2, 160-3, 160-4,
160-5, 160-6, 160-7, 160-8 and 160-9 are disposed so
that the cornea 126, the XY scanner 119, the wavefront
sensor 155 and the deformable mirror 159 become op-
tically conjugate with each other, and thereby the wave-
front sensor 155 can measure an aberration contained
in the eye 107 to be inspected. Further, the position of
the spherical mirror 160-8 is adjusted and controlled
based on the obtained aberration, and the measuring
beam 106 is kept focused on a predetermined layer in
the retina 127, and then the form of the surface of the
deformable mirror 159 is controlled. Thus, an aberration
produced in the eye 107 to be inspected is corrected,
and thereby a tomographic image can be provided with
a higher lateral resolution.
[0040] The reference beam 105 and the return beam
108 described above are combined with each other by
the optical coupler 131, and further the combined beam
142 is split with the ratio of 90:10. Then, the combined
beam 142 is dispersed into its wavelength components
by a transmission grating 141, which are condensed by
a lens 135-3, and light intensities are converted into a
voltage for each of positions (wavelengths) by the line
camera 139. Specifically, an interference pattern in a
spectral region in the wavelength axis will be observed
on the line camera 139. The obtained group of voltage
signals are converted into digital values by a frame grab-
ber 140, which are data processed by the personal com-
puter 125 to form a tomographic image. In this embodi-
ment, the line camera 139 has 1024 pixels, and the in-
tensities of the combined beam 142 can be provided for
each of wavelengths (1024 division).
[0041] Next, a configuration of a measuring system in
the OCT apparatus of the exemplary embodiment is de-
scribed. The OCT apparatus 100 can provide a tomo-
graphic image (OCT image) formed of intensities of an
interference signal generated by a Mickelson interfer-
ence system. This measuring system is similar to the
second exemplary embodiment, and a description there-
of is omitted.
[0042] Next, there is given a description of a method
which characterizes the present embodiment for acquir-
ing a tomographic image using an OCT apparatus. The
method for measuring the tomographic image is similar
to the second exemplary embodiment, and a description
thereof is omitted. However, here, the spherical mirror
160-8 instead of the lens 135-10 in the second exemplary
embodiment is used to adjust the focus position of the
measuring beam 106.

Other Embodiments

[0043] Aspects of the present invention can also be
realized by a computer of a system or apparatus (or de-
vices such as a CPU or MPU) that reads out and executes
a program recorded on a memory device to perform the
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functions of the above-described embodiment(s), and by
a method, the steps of which are performed by a com-
puter of a system or apparatus by, for example, reading
out and executing a program recorded on a memory de-
vice to perform the functions of the above-described em-
bodiment(s). For this purpose, the program is provided
to the computer for example via a network or from a re-
cording medium of various types serving as the memory
device (e.g., computer-readable medium).
[0044] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood 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 such modifications and equivalent
structures and functions.
[0045] This application claims the benefit of Japanese
Patent Application Nos. 2009-113818, filed May 8, 2009,
and 2010-047052, filed on March 3, 2010, which is here-
by incorporated by reference herein in its entirety.

Claims

1. An optical imaging apparatus (100) for acquiring a
tomographic image of an object (107) using a device
for detecting intensities of an interference signal gen-
erated from the interference of a combined beam in
which a return beam (108) and a reference beam
(105) are combined to interfere with each other,
wherein the reference beam (105) is formed by split-
ting a beam from a light source into a measuring
beam (106) and the reference beam (105), and the
return beam (108) is formed of the measuring beam
(106) irradiated to the object, the apparatus compris-
ing:

an optical means for focusing the measuring
beam on the object,
an aberration measuring means (155) for meas-
uring an aberration of the return beam, and
a focus adjusting means for adjusting the optical
means to adjust focus positions of the optical
means at different depth positions based on the
measured aberration,

characterized in that the apparatus further com-
prises:

an acquiring means for acquiring a plurality of
tomographic images corresponding to the focus
positions at different depth positions; and
a generating means for generating a planar to-
mographic image by compositing the plurality of
tomographic images having a different focus po-
sition in a depth direction from each other.

2. The optical imaging apparatus according to claim

further comprising: a recording device for recording
at least any one of a defocus component and an
astigmatic component in a Zernike polynomial into
which the aberration is converted, wherein the focus
adjusting means is a device for adjusting the optical
device based on the component recorded in the re-
cording device, and the focus adjusting device ad-
justs the optical device so that the measuring beam
is focused on a predetermined region of the object.

3. The optical imaging apparatus according to claim 2,
wherein the optical means includes a first spherical
lens and the optical imaging cylindrical apparatus
further includes a second cylindrical lens, and the
focus adjusting means is adapted to adjust the first
lens based on the defocus component and adjust
the second lens based on the astigmatic component
after the adjustment of the first lens.

4. The optical imaging apparatus according to claim 2
or 3, comprising:

an aberration correcting means (159) for cor-
recting an aberration of at least any one of the
measuring beam and the return beam, based
on an aberration excluding at least any one of
the defocus component and the astigmatic com-
ponent, after the focus adjusting means has ad-
justed the optical means.

5. The optical imaging apparatus according to any one
of claims 1 to 4 in which the object is an eye to be
inspected, comprising:

a fixation target to which the eye to be inspected
is fixed.

6. The optical imaging apparatus according to any one
of claims 1 to 5, further comprising:

a means for splitting a beam from a light source
into a measuring beam and a reference beam,
a means for combining a return beam formed of
the measuring beam irradiated to the object and
the reference beam traveling a reference light
path to interfere with each other, and
a means for detecting intensities of an interfer-
ence signal generated from the interference.

7. The optical imaging apparatus according to any one
of claims 2 to 6, further comprising:

a cylindrical lens,

wherein the adjusting means is adapted to adjust the
cylindrical lens based on the astigmatic component.

8. The optical imaging apparatus according to claim 1,
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wherein the optical means is a lens (120-2), and the
focus adjusting means is configured to adjust the
lens (120-2) to adjust focus positions of the lens
(120-2) at different depth positions based on the
measured aberration.

9. A method of acquiring a tomographic image of an
object using a device for detecting intensities of an
interference signal generated from the interference
of a combined beam in which a return beam (108)
and a reference beam (105) are combined to inter-
fere with each other, wherein the reference beam
(105) is formed by splitting a beam from a light source
into a measuring beam (106) and the reference
beam (105), and the return beam (108) is formed of
the measuring beam (106) irradiated to the object,
the method comprising:

measuring an aberration of the return beam; and
adjusting an optical means, to adjust focus po-
sitions of the optical means at different depth
positions based on the measured aberration,
wherein the optical means focuses the measur-
ing beam on the object,

characterized by:

acquiring a plurality of tomographic images cor-
responding to the focus positions at different
depth positions; and
generating a planar tomographic image by com-
positing the plurality of tomographic images hav-
ing a different focus position in a depth direction
from each other.

10. The method according to claim 9, wherein:

the adjustment of the optical means is based on
at least any one of a defocus component and an
astigmatic component in a Zernike polynomial
that expresses the aberration,
, the component of the aberration expressed in
the polynomial is recorded, and the focus ad-
justing device is adjusted based on the compo-
nent of the recorded aberration.

11. The method according to claim 10, wherein:

the optical means includes a first spherical lens,
and
the adjustment of the first lens is based on the
defocus component, the method further com-
prising adjusting a second cylindrical lens based
on the astigmatic component after the adjust-
ment of the first lens.

12. The method according to claim 10, comprising:

after adjusting the optical means,
correcting the aberration of one of the measuring
beam and the return beam, based on one of the
defocus component and the astigmatic compo-
nent.

13. The method according to any one of claims 9 to 12,
comprising:

adjusting a position of the optical means in a
direction of an optical axis, and
acquiring one of the plurality of tomographic im-
ages at the position.

14. The method according to claim 9, wherein the optical
means is a lens (120-2), and the lens (120-2) is ad-
justed to adjust focus positions of the lens (120-2)
at different depth positions based on the measured
aberration.

15. A program for an optical imaging apparatus for ac-
quiring a tomographic image of an object based on
a combined beam in which a return beam (108) and
a reference beam (105) are combined to interfere
with each other, wherein the reference beam (105)
is formed by splitting a beam from a light source into
a measuring beam (106) and the reference beam
(105), and the return beam (108) is formed of the
measuring beam (106) irradiated to the object, the
apparatus comprising an optical means for focusing
the measuring beam on the object, and an aberration
measuring means for measuring an aberration of the
return beam, wherein the program carries out the
steps of the method of any one of claims 9 to 14
when the program is run on a computer of said optical
imaging apparatus.

Patentansprüche

1. Optische Bildgebungsvorrichtung (100) zum Be-
schaffen eines Tomografiebildes eines Objekts
(107) unter Verwendung einer Einrichtung zur Erfas-
sung von Intensitäten eines Interferenzsignals, das
aus der Interferenz eines kombinierten Strahls er-
zeugt wird, bei dem ein Rückstrahl (108) und ein
Referenzstrahl (105) zum Interferieren miteinander
kombiniert sind, wobei der Referenzstrahl (105)
durch Teilen eines Strahls von einer Lichtquelle in
einen Messstrahl (106) und den Referenzstrahl
(105) gebildet wird, und der Rückstrahl (108) aus
dem Messstrahl (106) erzeugt wird, der das Objekt
bestrahlt, mit
einer optischen Einrichtung zum Fokussieren des
Messstrahls auf das Objekt,
einer Aberrationsmesseinrichtung (155) zum Mes-
sen einer Aberration des Rückstrahls und
einer Brennpunktanpassungseinrichtung zum An-
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passen der optischen Einrichtung zum Anpassen
von Brennpunktpositionen der optischen Einrich-
tung an verschiedenen Tiefenpositionen beruhend
auf der gemessenen Aberration,
dadurch gekennzeichnet, dass die Vorrichtung
ferner umfasst
eine Beschaffungseinrichtung zur Beschaffung ei-
ner Vielzahl von Tomografiebildern, die den Brenn-
punktpositionen an verschiedenen Tiefenpositionen
entsprechen, und
eine Erzeugungseinrichtung zur Erzeugung eines
planaren Tomografiebildes durch Zusammensetzen
der Vielzahl der Tomografiebilder, die jeweils eine
andere Brennpunktposition in einer Tiefenrichtung
aufweisen.

2. Optische Bildgebungsvorrichtung nach Anspruch 1,
ferner mit
einer Aufzeichnungseinrichtung zur Aufzeichnung
einer Defokussierkomponente und/oder einer astig-
matischen Komponente in einem Zernike-Polynom,
in die die Aberration umgewandelt wird, wobei die
Brennpunktanpassungseinrichtung eine Einrich-
tung zur Anpassung der optischen Einrichtung be-
ruhend auf der in der Aufzeichnungseinrichtung auf-
gezeichneten Komponente ist, und die Brennpunk-
tanpassungseinrichtung die optische Einrichtung
derart anpasst, dass der Messstrahl auf eine vorbe-
stimmte Region des Objekts fokussiert ist.

3. Optische Bildgebungsvorrichtung nach Anspruch 2,
wobei

die optische Einrichtung eine erste sphärische
Linse enthält, und die optische Bildgebungsvor-
richtung ferner eine zweite zylindrische Linse
enthält, und
die Brennpunktanpassungseinrichtung zur An-
passung der ersten Linse beruhend auf der De-
fokussierkomponente und zur Anpassung der
zweiten Linse beruhend auf der astigmatischen
Komponente nach der Anpassung der ersten
Linse eingerichtet ist.

4. Optische Bildgebungsvorrichtung nach Anspruch 2
oder 3, mit
einer Aberrationskorrektureinrichtung (159) zur Kor-
rektur einer Aberration des Messstrahls und/oder
des Rückstrahls beruhend auf einer Aberration, die
die Defokussierkomponente und/oder die astigma-
tische Komponente ausschließt, nachdem die
Brennpunktanpassungseinrichtung die optische
Einrichtung angepasst hat.

5. Optische Bildgebungsvorrichtung nach einem der
Ansprüche 1 bis 4, wobei das Objekt ein zu unter-
suchendes Auge ist, mit
einem Fixiertarget, an dem das zu untersuchende

Auge fixiert wird.

6. Optische Bildgebungsvorrichtung nach einem der
Ansprüche 1 bis 5, ferner mit

einer Einrichtung zum Teilen eines Strahls von
einer Lichtquelle in einen Messstrahl und einen
Referenzstrahl,
einer Einrichtung zum Kombinieren eines Rück-
strahls, der aus dem Messstrahl, der das Objekt
bestrahlt, und dem Referenzstrahl erzeugt wird,
der auf einem Referenzstrahlengang läuft, so-
dass sie miteinander interferieren, und
einer Einrichtung zur Erfassung von Intensitäten
eines aus der Interferenz erzeugten Interferenz-
signals.

7. Optische Bildgebungsvorrichtung nach einem der
Ansprüche 2 bis 6, ferner mit

einer zylindrischen Linse,

wobei die Anpassungseinrichtung zur Anpassung
der zylindrischen Linse beruhend auf der astigmati-
schen Komponente eingerichtet ist.

8. Optische Bildgebungsvorrichtung nach Anspruch 1,
wobei die optische Einrichtung eine Linse (120-2)
ist, und die Brennpunktanpassungseinrichtung zur
Anpassung der Linse (120-2) zur Anpassung von
Brennpunktpositionen der Linse (120-2) an ver-
schiedenen Tiefenpositionen beruhend auf der ge-
messenen Aberration eingerichtet ist.

9. Verfahren zur Beschaffung eines Tomografiebildes
eines Objekts unter Verwendung einer Einrichtung
zur Erfassung von Intensitäten eines aus der Inter-
ferenz eines kombinierten Strahls erzeugten Inter-
ferenzsignals, in dem ein Rückstrahl (108) und ein
Referenzstrahl (105) zum miteinander Interferieren
kombiniert werden, wobei der Referenzstrahl (105)
durch Teilen eines Strahls von einer Lichtquelle in
einen Messstrahl (106) und den Referenzstrahl
(105) erzeugt wird, und der Rückstrahl (108) aus
dem Messstrahl (106) erzeugt wird, der das Objekt
bestrahlt, mit

Messen einer Aberration des Rückstrahls und
Anpassen einer optischen Einrichtung zur An-
passung von Brennpunktpositionen der opti-
schen Einrichtung an verschiedenen Tiefenpo-
sitionen beruhend auf der gemessenen Aberra-
tion, wobei die optische Einrichtung den Mess-
strahl auf das Objekt fokussiert,
gekennzeichnet durch
Beschaffen einer Vielzahl von Tomografiebil-
dern, die den Brennpunktpositionen an ver-
schiedenen Tiefenpositionen entsprechen, und
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Erzeugen eines planaren Tomografiebildes
durch Zusammensetzen der Vielzahl der To-
mografiebilder, die jeweils eine andere Brenn-
punktposition in einer Tiefenrichtung aufweisen.

10. Verfahren nach Anspruch 9, wobei
die Anpassung der optischen Einrichtung auf einer
Defokussierkomponente und/oder einer astigmati-
schen Komponente in einem Zernike-Polynom be-
ruht, das die Aberration ausdrückt, die Komponente
der in dem Polynom ausgedrückten Aberration auf-
gezeichnet wird, und die Brennpunktanpassungs-
einrichtung beruhend auf der Komponente der auf-
gezeichneten Aberration angepasst wird.

11. Verfahren nach Anspruch 10, wobei

die optische Einrichtung eine erste sphärische
Linse enthält, und
die Anpassung der ersten Linse auf der Defo-
kussierkomponente beruht, wobei das Verfah-
ren ferner umfasst
Anpassen einer zweiten zylindrischen Linse be-
ruhend auf der astigmatischen Komponente
nach Anpassung der ersten Linse.

12. Verfahren nach Anspruch 10, mit

nach Anpassen der optischen Einrichtung,
Korrigieren der Aberration des Messstrahls oder
des Rückstrahls beruhend auf der Defokussier-
komponente oder der astigmatische Kompo-
nente.

13. Verfahren einem der Ansprüche 9 bis 12, mit

Anpassen einer Position der optischen Einrich-
tung in einer Richtung einer optischen Achse,
und
Beschaffen eines der Vielzahl der Tomografie-
bilder an der Position.

14. Verfahren nach Anspruch 9, wobei die optische Ein-
richtung eine Linse (120-2) ist, und die Linse (120-2)
zur Anpassung von Brennpunktpositionen der Linse
(120-2) an verschiedenen Tiefenpositionen beru-
hend auf der gemessenen Aberration angepasst
wird.

15. Programm für eine optische Bildgebungsvorrichtung
zur Beschaffung eines Tomografiebildes eines Ob-
jekts beruhend auf einem kombinierten Strahl, in
dem ein Rückstrahl (108) und ein Referenzstrahl
(104) zum miteinander Interferieren kombiniert sind,
wobei der Referenzstrahl (105) durch Teilen eines
Strahls von einer Lichtquelle in einen Messstrahl
(106) und den Referenzstrahl (105) erzeugt wird,
und der Rückstrahl (108) aus dem der Messstrahl

(106) erzeugt wird, der das Objekt bestrahlt, wobei
die Vorrichtung eine optische Einrichtung zum Fo-
kussieren des Messstrahls auf das Objekt und eine
Aberrationsmesseinrichtung zum Messen einer Ab-
erration des Rückstrahls umfasst, wobei das Pro-
gramm die Schritte des Verfahrens nach einem der
Ansprüche 9 bis 14 ausführt, wenn das Programm
auf einem Computer der optischen Bildgebungsvor-
richtung läuft.

Revendications

1. Appareil d’imagerie optique (100) pour l’acquisition
d’une image tomographique d’un objet (107) utilisant
un dispositif permettant de détecter les intensités
d’un signal d’interférence généré à partir de l’inter-
férence d’un faisceau combiné dans lequel un fais-
ceau de retour (108) et un faisceau de référence
(105) sont combinés pour interférer l’un avec l’autre,
dans lequel le faisceau de référence (105) est formé
en divisant un faisceau provenant d’une source lu-
mineuse en un faisceau de mesure (106) et le fais-
ceau de référence (105), et le faisceau de retour
(108) est constitué du faisceau de mesure (106) ir-
radié vers l’objet, l’appareil comprenant :

un moyen optique permettant de focaliser le fais-
ceau de mesure sur l’objet,
un moyen de mesure d’aberration (155) permet-
tant de mesurer une aberration du faisceau de
retour, et
un moyen d’ajustement de focalisation permet-
tant d’ajuster le moyen optique afin d’ajuster les
positions de focalisation du moyen optique à dif-
férentes positions de profondeur sur la base de
l’aberration mesurée,

l’appareil étant caractérisé en ce qu’il comprend en
outre :

un moyen d’acquisition permettant d’acquérir
une pluralité d’images tomographiques corres-
pondant aux positions de focalisation à différen-
tes positions de profondeur ; et
un moyen de génération permettant de générer
une image tomographique planaire en combi-
nant la pluralité d’images tomographiques ayant
une position de focalisation dans une direction
de profondeur différente l’une de l’autre.

2. Appareil d’imagerie optique selon la revendication
1, comprenant en outre :

un dispositif d’enregistrement permettant d’en-
registrer au moins l’une quelconque d’une com-
posante de défocalisation et d’une composante
d’astigmatisme dans un polynôme de Zernike
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en lequel l’aberration est convertie, le moyen
d’ajustement de focalisation étant un dispositif
permettant d’ajuster le dispositif optique sur la
base de la composante enregistrée dans le dis-
positif d’enregistrement, et le dispositif d’ajuste-
ment de focalisation ajustant le dispositif optique
de sorte que le faisceau de mesure soit focalisé
sur une région prédéterminée de l’objet.

3. Appareil d’imagerie optique selon la revendication
2, dans lequel :

le moyen optique comprend une première len-
tille sphérique et l’appareil d’imagerie optique
comprend en outre une seconde lentille cylin-
drique, et
le moyen d’ajustement de focalisation est adap-
té pour ajuster la première lentille sur la base de
la composante de défocalisation et ajuster la se-
conde lentille sur la base de la composante d’as-
tigmatisme après l’ajustement de la première
lentille.

4. Appareil d’imagerie optique selon la revendication 2
ou 3, comprenant :

un moyen de correction d’aberration (159) per-
mettant de corriger une aberration d’au moins
l’un quelconque du faisceau de mesure et du
faisceau de retour, sur la base d’une aberration
excluant au moins l’une quelconque de la com-
posante de défocalisation et de la composante
d’astigmatisme, après que le moyen d’ajuste-
ment de focalisation a ajusté le moyen optique.

5. Appareil d’imagerie optique selon l’une quelconque
des revendications 1 à 4, dans lequel l’objet est un
oeil à examiner, comprenant :

une cible de fixation à laquelle l’oeil à examiner
est fixé.

6. Appareil d’imagerie optique selon l’une quelconque
des revendications 1 à 5, comprenant en outre :

un moyen permettant de diviser un faisceau pro-
venant d’une source lumineuse en un faisceau
de mesure et un faisceau de référence,
un moyen permettant de combiner un faisceau
de retour constitué du faisceau de mesure irra-
dié vers l’objet et le faisceau de référence effec-
tuant un trajet lumineux de référence de façon
à interférer l’un avec l’autre, et
un moyen permettant de détecter les intensités
d’un signal d’interférence généré à partir de l’in-
terférence.

7. Appareil d’imagerie optique selon l’une quelconque

des revendications 2 à 6, comprenant en outre :

une lentille cylindrique,

dans lequel le moyen d’ajustement est adapté pour
ajuster la lentille cylindrique sur la base de la com-
posante d’astigmatisme.

8. Appareil d’imagerie optique selon la revendication
1, dans lequel le moyen optique est une lentille
(120-2), et le moyen d’ajustement de focalisation est
configuré pour ajuster la lentille (120-2) afin d’ajuster
les positions de focalisation de la lentille (120-2) à
différentes positions de profondeur sur la base de
l’aberration mesurée.

9. Procédé d’acquisition d’une image tomographique
d’un objet utilisant un dispositif permettant de détec-
ter les intensités d’un signal d’interférence généré à
partir de l’interférence d’un faisceau combiné dans
lequel un faisceau de retour (108) et un faisceau de
référence (105) sont combinés pour interférer l’un
avec l’autre, dans lequel le faisceau de référence
(105) est formé en divisant un faisceau provenant
d’une source lumineuse en un faisceau de mesure
(106) et le faisceau de référence (105), et le faisceau
de retour (108) est constitué du faisceau de mesure
(106) irradié vers l’objet, le procédé comprenant :

la mesure d’une aberration du faisceau de
retour ; et
l’ajustement d’un moyen optique, afin d’ajuster
les positions de focalisation du moyen optique
à différentes positions de profondeur sur la base
de l’aberration mesurée, le moyen optique foca-
lisant le faisceau de mesure sur l’objet,

caractérisé par :

l’acquisition d’une pluralité d’images tomogra-
phiques correspondant aux positions de focali-
sation à différentes positions de profondeur ; et
la génération d’une image tomographique pla-
naire en combinant la pluralité d’images tomo-
graphiques ayant une position de focalisation
dans une direction de profondeur différente
l’une de l’autre.

10. Procédé selon la revendication 9, dans lequel :

l’ajustement du moyen optique est basé sur au
moins l’une quelconque d’une composante de
défocalisation et d’une composante d’astigma-
tisme dans un polynôme de Zernike qui exprime
l’aberration, la composante de l’aberration ex-
primée dans le polynôme est enregistrée, et le
dispositif d’ajustement de focalisation est ajusté
sur la base de la composante de l’aberration en-
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registrée.

11. Procédé selon la revendication 10, dans lequel :

le moyen optique comprend une première len-
tille sphérique, et
l’ajustement de la première lentille est basé sur
la composante de défocalisation,

le procédé comprenant en outre :

l’ajustement d’une seconde lentille cylindrique
sur la base de la composante d’astigmatisme
après l’ajustement de la première lentille.

12. Procédé selon la revendication 10, comprenant :

après l’ajustement du moyen optique,
la correction de l’aberration de l’un du faisceau
de mesure et du faisceau de retour, sur la base
de l’une de la composante de défocalisation et
de la composante d’astigmatisme.

13. Procédé selon l’une quelconque des revendications
9 à 12, comprenant :

l’ajustement d’une position du moyen optique
dans une direction d’un axe optique, et
l’acquisition d’une de la pluralité d’images tomo-
graphiques à cette position.

14. Procédé selon la revendication 9, dans lequel le
moyen optique est une lentille (120-2), et la lentille
(120-2) est ajustée afin d’ajuster les positions de fo-
calisation de la lentille (120-2) à différentes positions
de profondeur sur la base de l’aberration mesurée.

15. Programme destiné à un appareil d’imagerie optique
pour l’acquisition d’une image tomographique d’un
objet sur la base d’un faisceau combiné dans lequel
un faisceau de retour (108) et un faisceau de réfé-
rence (105) sont combinés pour interférer l’un avec
l’autre, dans lequel le faisceau de référence (105)
est formé en divisant un faisceau provenant d’une
source lumineuse en un faisceau de mesure (106)
et le faisceau de référence (105), et le faisceau de
retour (108) est constitué du faisceau de mesure
(106) irradié vers l’objet, l’appareil comprenant un
moyen optique permettant de focaliser le faisceau
de mesure sur l’objet, et un moyen de mesure d’aber-
ration permettant de mesurer une aberration du fais-
ceau de retour, le programme réalisant les étapes
du procédé selon l’une quelconque des revendica-
tions 9 à 14 lorsque le programme est exécuté sur
un ordinateur dudit appareil d’imagerie optique.
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