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Description

Technical Field

[0001] The invention relates to an image acquisition
apparatus for acquiring an image of an inspection object.

Background Art

[0002] It is desirable to obtain a plane image of an in-
spection object prior to obtaining a tomographic image
by an Optical Coherence Tomography (OCT). An image
acquisition range of the OCT can be known by the plane
image.
[0003] Therefore, such an apparatus that an optical
system of the OCT and an optical system of a Scanning
Laser Ophthalmoscope (SLO) to obtain the plane image
of the inspection object are partially shared has been
disclosed in PTL 1. Such a technique that each of the
optical system of the OCT and the optical system of the
SLO has a light source for generating light having differ-
ent oscillating wavelengths and a galvano mirror for
main-scanning a measuring beam which is irradiated to
the inspection object and a galvano mirror for sub-scan-
ning it are used in common has been disclosed there. A
dichroic mirror is used on an optical path adapted to share
the optical systems.
[0004] Such a technique that the means for main-scan-
ning the measuring beam and the means for sub-scan-
ning it are separately provided for the optical system of
the OCT and the optical system of the SLO has been
disclosed in PTL 2. Such a technique that a polygon mir-
ror which can main-scan at a speed higher than that of
the galvano mirror is provided for the optical system of
the SLO has been disclosed there. In the OCT, since an
image acquisition time which is determined by a re-
sponse time (an exposure time and a transfer time) of a
line sensor is later than a scanning speed of the polygon
mirror, the galvano mirror is used. Such a technique that
the means for sub-scanning is provided for each of the
optical system of the OCT and the optical system of the
SLO has been disclosed. The dichroic mirror is used on
the optical path adapted to share the optical systems.

Citation List

Patent Literature

[0005]

PTL 1: Japanese Patent Application Laid-Open No.
H11-253403
PTL 2: Japanese Patent Application Laid-Open No.
2008-029467

Summary of Invention

Technical Problem

[0006] However, since the whole optical system en-
larges in size, the above construction is undesirable in
consideration of a viewpoint of an occupied area of an
ophthalmological  apparatus.
[0007] Document DE102008000225 B3 discloses an
image acquisition apparatus comprising: irradiating
means for irradiating light from a light source to an in-
spection object; tomographic image obtaining means for
obtaining a tomographic image of the inspection object
on the basis of a combined beam obtained by combining
a return beam from the inspection object due to the light
irradiated by the irradiating means and a reference beam
corresponding to the light; plane image obtaining means
for obtaining a plane image of the inspection object on
the basis of the return beam from the inspection object
due to the light irradiated by the irradiating means; first
scanning means for main-scanning the light irradiated by
the irradiating means when the tomographic image is ob-
tained; and second scanning means for sub-scanning
the light irradiated by the irradiating means when each
of the tomographic image and the plane image is ob-
tained, wherein the second scanning means is for sub-
scanning the light irradiated by the irradiating means at
a speed higher than that in the first scanning means when
the plane image is obtained.

Solution to Problem

[0008] It is an object of the invention to provide such
an image acquisition apparatus which can miniaturize an
apparatus in which an optical system of an OCT and an
optical system of an SLO are partially shared and can
obtain an SLO image of an inspection object at a high
speed without being restricted by an image acquisition
speed of the OCT.
[0009] In order to achieve the object discussed above,
the present invention provides with an image acquisition
apparatus comprising; an irradiating means for irradiat-
ing light from a light source to an inspection object, tom-
ographic image obtaining means for obtaining a tomo-
graphic image of the inspection object on the basis of a
combined beam obtained by combining a return beam
from the inspection object due to the light irradiated by
the irradiating means and a reference beam correspond-
ing to the light, plane image obtaining means for obtaining
a plane image of the inspection object on the basis of the
return beam from the inspection object due to the light
irradiated by the irradiating means, first scanning means
for main-scanning the light irradiated by the irradiating
means when the tomographic image is obtained, second
scanning means for main-scanning the light irradiated by
the irradiating means at a speed higher than that in the
first scanning means when the plane image is obtained,
and third scanning means for sub-scanning the light ir-
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radiated by the irradiating means when each of the tom-
ographic image and the plane image is obtained.

Advantageous Effects of Invention

[0010] According to the image acquisition apparatus
of the invention, by using the means for sub-scanning in
common for the optical system of the OCT and the optical
system of the SLO in consideration of the foregoing prob-
lem, the apparatus can be miniaturized. By providing the
scanning means of a high main scanning speed for the
optical system of the SLO separately from the main-scan-
ning means for the OCT, the SLO image of the inspection
object can be obtained at a high speed without being
restricted by the image acquisition speed of the OCT.
[0011] 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 Drawings

[0012]

[fig. 1]FIG. 1 is a diagram for describing a construc-
tion of a whole optical image acquisition apparatus
in the first embodiment of the invention.
[fig.2A]FIG. 2A is a diagram for describing an obtain-
ing method of an image of the optical image acqui-
sition apparatus in the first embodiment of the inven-
tion.
[fig.2B]FIG. 2B is a diagram for describing an obtain-
ing method of an image of the  optical image acqui-
sition apparatus in the first embodiment of the inven-
tion.
[fig.3]FIG. 3 is a diagram for describing the obtaining
method of the image of the optical image acquisition
apparatus in the first embodiment of the invention.
[fig.4]FIG. 4 is a diagram for describing the obtaining
method of the image of the optical image acquisition
apparatus in the first embodiment of the invention.
[fig.5]FIG. 5 is a diagram for describing an obtaining
method of an image of an optical image acquisition
apparatus in the second embodiment of the inven-
tion.

Description of Embodiments

[0013] Subsequently, embodiments of the invention
will be described.

First embodiment

[0014] An optical image acquisition apparatus (also re-
ferred to as an image acquisition apparatus) according
to the first embodiment can obtain a tomographic image
(OCT image) on the basis of a beam obtained by com-
bining a return beam from an inspection object and a

reference beam and can obtain a plane image (SLO im-
age) on the basis of the return beam. At this time, the
optical image acquisition apparatus in the embodiment
is constructed so that a scanner constructing scanning
means for scanning a measuring beam is also shared
within a range as much as possible in order to miniaturize
the apparatus. Although the SLO uses the scanning
means for scanning at a high speed, in the OCT, an image
acquisition time which is determined by a response time
(an exposure time and a transfer time) of a line sensor
is later than a scanning speed of a polygon mirror or a
resonant scanner. Therefore, an X scanner cannot be
shared but is constructed by two individual X scanners
(first scanning means and second scanning means) for
the image acquisition of an SLO image and an OCT im-
age. A Y scanner (third scanning means) is constructed
by one scanner because it is shared for the image ac-
quisition of both of the SLO image and the OCT image.
[0015] The X scanner denotes a scanner for scanning
the measuring beam in the direction which is perpendic-
ular to the eye axis of the eye to be inspected, that is,
the direction (main scanning direction) which is parallel
with the paper surface in FIG. 1, which will be described
hereinafter. The Y scanner denotes a scanner for scan-
ning the measuring beam in the direction which is per-
pendicular to the eye axis of the eye to be inspected, that
is, the direction (subscanning direction) which is perpen-
dicular to the paper surface in FIG. 1, which will be de-
scribed hereinafter. Therefore, when the OCT image is
acquired, the X scanner (refer to an X scanner 121-1 in
FIG. 1) plays a role of the main scan and the Y scanner
(refer to a Y scanner 121-3 in FIG. 1) plays a role of the
subscan. On the other hand, when the SLO image is
acquired, the X scanner (refer to an X scanner 121-2 in
FIG. 1) plays a role of the main scan and the Y scanner
(refer to the Y scanner 121-3 in FIG. 1) plays a role of
the subscan.
[0016] The above two X scanners are scanned by dif-
ferent scanning frequencies in the same scanning direc-
tion and are arranged optically in parallel. The measuring
beam is guided to the inspection object through one of
the X scanners.
[0017] Subsequently, a construction of the whole op-
tical image acquisition apparatus in the embodiment will
be described further in detail by using FIG. 1. An optical
image acquisition apparatus 100 in the embodiment con-
structs a Michelson interferometer as a whole as illus-
trated in FIG. 1.
[0018] In FIG. 1, a light source 101 is shared for the
image acquisition of the SLO image and the OCT image.
An SLD (Super Luminescent Diode) or the like serving
as a light source for generating low-coherence light is
desirable as a light source. The light emitted from the
light source 101 is divided into a reference beam 105 and
a measuring beam 106 at a ratio of 90 : 10 through a
single mode fiber 130-1 and a photocoupler 131 (also
referred to as first separating means).
[0019] Reference numeral 121-1 shown in FIG. 1 de-
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notes the X scanner which plays a role of the main scan
when the OCT image is acquired, 121-2 denotes the X
scanner which plays a role of the main scan when the
SLO image is acquired, and 121-3 denotes the Y scanner
which is shared for the image acquisition of the SLO im-
age and the OCT image.
[0020] The measuring beam 106 is guided to an eye
107 to be inspected and serving as an inspection object
of an observation target through a single mode fiber
130-4, the Y scanner 121-3, one of the X scanners 121-1
and 121-2, lenses 135-5 to 135-12, and the like. Flip mir-
rors 185-1 and 185-2 have a role of switching optical
paths. The measuring beam 106 is returned as a return
beam 108 which has been reflected or scattered by the
eye 107 to be inspected as an observation target and is
combined with the reference beam 105 by the photocou-
pler 131. Polarization controllers 153-1 to 153-4 adjust a
state of polarization of the measuring beam 106 and the
reference beam 105.
[0021] The reference beam 105 and the return beam
108 are combined and, thereafter, a combined beam is
spectro-separated every wavelength by a transmission
grating 141 and input to a line camera 139. The line cam-
era 139 converts a light intensity into a voltage every
position (wavelength). A tomographic image of the eye
107 to be inspected is constructed by a personal com-
puter 125 by using the obtained voltage signal. Electric
stages 117-1 and 117-2, the X scanners 121-1 and 121-2,
and the Y scanner 121-3 are controlled and driven by the
personal computer 125 through a driver unit 181.
[0022] A part of the return beam 108 is input to a de-
tector 138 by a movable beam splitter 161 (also referred
to as second separating means which can be inserted or
removed at a position in front of the first separating
means). The detector 138 converts the light  intensity
into an electric signal and a plane image of the eye 107
to be inspected is constructed by using the electric signal.
When the plane image is obtained, it is necessary to in-
sert the second separating means onto an optical path
in order to guide the return beam to the detector 138.
However, when the tomographic image is obtained, since
it is unnecessary to insert it, the second separating
means is removed from the optical path. Thus, when the
tomographic image is obtained, a loss of light amount
that is caused by the separation of the return beam by
the second separating means can be suppressed. In this
instance, when the plane image is obtained, the loss of
light amount is also caused by the separation of the
measuring beam by the second separating means.
Therefore, it is desirable that the light amount of the light
source at the time of obtaining the plane image is set to
be larger than the light amount of the light source at the
time of obtaining the tomographic image.
[0023] Subsequently, a construction around the light
source 101 will be described. The light source 101 is an
SLD (Super Luminescent Diode) serving as a represent-
ative low-coherence light source. Its wavelength is equal
to 830 nm (10-9 m) and its band width is equal to 50 nm.

Since the band width exerts an influence on resolution
of an optical axial direction of the tomographic image
which is obtained, it is an important parameter.
[0024] Although the SLD has been selected here as a
type of light source, it is sufficient that the low-coherence
light can be emitted and an ASE (Amplified Spontaneous
Emission) or the like can be also used. As for the
wavelength , near infrared light is suitable in considera-
tion of the measurement of the eye. Further, since the
wavelength exerts an influence on resolution in the lateral
direction of the tomographic image and the plane image
which are obtained, it is desirable to set the wavelength
as short as possible and is set to 830 nm here. Another
wavelength may be selected in dependence on a meas-
uring portion of the observation target. The light emitted
from the light source 101 is guided to the photocoupler
131 through the single mode fiber 130-1.
[0025] Subsequently, the optical path of the reference
beam 105 will be described. The reference beam 105
divided by the photocoupler 131 is guided to a lens 135-1
through a single mode fiber 130-2 and is adjusted so as
to become a parallel beam of a beam diameter of 4 mm
(10-3 m). Subsequently, the reference beam 105 is guid-
ed to a mirror 114-1 serving as a reference mirror by
mirrors 114-2 and 114-3. Since an optical path length of
the reference beam 105 has been adjusted so as to be
almost equal to an optical path length of the measuring
beam 106, the reference beam 105 and the measuring
beam 106 can be interfered.
[0026] Subsequently, the reference beam 105 is re-
flected by the mirror 114-1 and is guided to the photo-
coupler 131 again. Dispersion compensation glass 115
through which the reference beam 105 has passed is
provided so that the dispersion at the time when the
measuring beam 106 reciprocated the eye 107 to be in-
spected is compensated for the reference beam 105. A
representative value is presumed as a diameter of an
average eyeball of Japanese and it is assumed that L1
= 23 mm.
[0027] Further, the electric stage 117-1 can be moved
in the direction shown by an arrow and can adjust and
control the optical path length of the reference beam 105.
The electric stage 117-1 is controlled from the personal
computer 125 through an electric stage driver 183 in the
driver unit 181.
[0028] Subsequently, the optical path (also referred to
as irradiating means) of the measuring beam 106 will be
described. The measuring beam 106 divided by the pho-
tocoupler 131 is guided to a lens 135-4 through the single
mode fiber 130-4 and is adjusted so as to become a par-
allel beam of a beam diameter of 4 mm. The measuring
beam 106 passes through the movable beam splitter 161
and the lenses 135-5 and 135-6 and is input to the Y
scanner 121-3.
[0029] A galvano scanner is used as a Y scanner 121-3
and its driving frequency can be varied within a range up
to 500 Hz. The Y scanner 121-3 is driven at 1 Hz when
the tomographic image is acquired and it is driven at 30
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Hz when the plane image is acquired.
[0030] Subsequently, the measuring beam 106 passes
through the lens 135-7 and reaches the flip mirror 185-1.
The flip mirrors 185-1 and 185-2 are constructed in such
a manner that an optical path 186-1 (first optical path)
having the X scanner 121-1 and an optical path 186-2
(second optical path) having the X scanner 121-2 can be
switched according to an image (plane image or tomo-
graphic image) which is obtained. In the case where the
flip mirrors 185-1 and 185-2 are controlled so as not to
enter the optical path, the optical path 186-1 is used. In
the case where the flip mirrors 185-1 and 185-2 are con-
trolled in such a manner that they enter the optical path
and the measuring beam is reflected, the optical path
186-2 is used. The operations of the flip mirrors 185-1
and 185-2 are controlled under the personal computer
125.
[0031] In the optical path 186-1, the measuring beam
106 passes through the lens 135-8, is input to the X scan-
ner 121-1, passes through the lens 135-9, and reaches
the flip mirror 185-2. The optical path 186-1 is used to
obtain a tomographic image (OCT image), which will be
described hereinafter. A galvano scanner is used as an
X scanner 121-1 and its driving frequency can be varied
within a range up to 500 Hz. The X scanner 121-1 is
driven at 500 Hz when the tomographic image is ac-
quired.
[0032] In the optical path 186-2, the measuring beam
106 passes through the lens 135-11, is input to the X
scanner 121-2, passes through the lens 135-12, and
reaches the flip mirror 185-2. The optical path 186-2 is
used to obtain a plane image (SLO image). A resonant
scanner is used as an X scanner 121-2 and its driving
frequency is set to about 16 kHz. The X scanner 121-2
is driven at 16 kHz when the plane image is acquired.
[0033] A center of the measuring beam 106 is adjusted
so as to coincide with a rotational center of each of the
X scanner 121-1, X scanner 121-2, and Y scanner 121-3.
The lenses 135-9, 135-10, and 135-12 are an optical sys-
tem for scanning a retina 127 and has a role of scanning
the retina 127 by the measuring beam 106 while a posi-
tion near a cornea 126 is set to a fulcrum. All of focal
distances of the lenses 135-9, 135-10, and 135-12 are
equal to 50 mm. The electric stage 117-2 can be moved
in the direction shown by an arrow and can adjust and
control a position of the associated lens 135-10.
[0034] By adjusting the position of the lens 135-10, the
measuring beam 106 can be converged to a predeter-
mined layer of the retina 127 of the eye 107 to be inspect-
ed and can be observed. The apparatus can also cope
with a case where the eye 107 to be inspected has a
refractive error. When the measuring beam 106 enters
the eye 107 to be inspected, it becomes the return beam
108 by the reflection or scattering from the retina 127, is
guided to the photocoupler 131 again, and reaches the
line camera 139.
[0035] A part of the return beam 108 is reflected by the
movable beam splitter 161 and is guided to the detector

138 through a lens 135-13. A light blocking plate 172 has
a pinhole and has a role of blocking the unnecessary light
which is not focused to the retina 127 in the return beam
108. The light blocking plate 172 is conjugately arranged
at the focusing position of the lens 135-13. A diameter
of the pinhole of the light blocking plate 172 is equal to,
for example, 50 micrometers (10-6 m). For example, an
APD (Avalanche Photo Diode) serving as a photosensor
of a high speed and a high sensitivity is used as a detector
138. The electric stage 117-2 is controlled from the per-
sonal computer 125 through the electric stage driver 183
in the driver unit 181.
[0036] The movable beam splitter 161 can be removed
from the optical path under control of the personal com-
puter 125. When the tomographic image is obtained, the
movable beam splitter 161 is removed from the optical
path and the return beam 108 can be effectively used in
order to obtain the tomographic image. Although a spher-
ical lens is used as a lens 135-10 here, a cylindrical lens
may be used as a lens 135-10 in dependence on an op-
tical aberration (refractive error) of the eye 107 to be in-
spected. A new lens may be also added onto the optical
path of the measuring beam 106. The cylindrical lens is
effective in the case where the eye 107 to be inspected
is astigmatic.
[0037] The foregoing reference beam 105 and the re-
turn beam 108 are combined by the photocoupler 131
and a combined beam is further divided at a ratio of 90 :
10. A combined beam 142 is spectro-separated every
wavelength by the transmission grating 141, is con-
verged by a lens 135-3, and reaches the line camera 139.
[0038] Subsequently, a construction of a measuring
system in the optical image acquisition apparatus in the
embodiment will be described. The optical image acqui-
sition apparatus 100 can obtain the tomographic image
(OCT image) constructed by an intensity of an interfer-
ence signal (interference light) by the Michelson interfer-
ometer. The measuring system will be described.
[0039] An intensity of the light is converted into a volt-
age every position (wavelength) by the line camera 139.
Specifically speaking, an interference fringe of a spectral
region on a wavelength axis is observed on the line cam-
era 139. The obtained voltage signal group is converted
into digital values by a frame glover 140 and is data-
processed by the personal computer 125, thereby form-
ing the tomographic image. In this instance, the line cam-
era 139 has 1024 pixels and can obtain the intensity every
wavelength (1024 division) of the combined beam 142.
[0040] The optical image acquisition apparatus 100
can obtain the plane image (SLO image) constructed by
the intensity of the return beam 108. The measuring sys-
tem will be described. A part of the return beam 108 as
light which has been reflected or scattered by the retina
127 is reflected by the movable beam splitter 161. After
the unnecessary light in the reflected beam was blocked
by the light blocking plate 172, the reflected beam reach-
es the detector 138, and the light intensity is converted
into an electric signal. A data process synchronized with
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the scanning signal is executed to the obtained electric
signal by the personal computer 125, so that the plane
image is formed.
[0041] Subsequently, an obtaining method of the tom-
ographic image (OCT image) by the optical image acqui-
sition apparatus of the embodiment will be described by
using FIGS. 2A and 2B.
[0042] The optical image acquisition apparatus 100
controls the X scanner 121-1 and obtains the interference
fringe by the line camera 139, so that it can obtain the
tomographic image of the retina 127. The flip mirrors
185-1 and 185-2 are controlled so that the measuring
beam 106 and the return beam 108 are guided to the
optical path 186-1 (FIG. 3). The movable beam splitter
161 is controlled so that the return beam 108 is not guided
to the detector 138. The X scanner 121-1, X scanner
121-2, and Y scanner 121-3 are controlled from the per-
sonal computer 125 through an optical scanner driver
182 in the driver unit 181 (FIG. 1).
[0043] The obtaining method of the tomographic image
(surface which is parallel with the optical axis) of the retina
127 will now be described. FIG. 2A is a schematic dia-
gram of the eye 107 to be inspected and illustrates a
state where the eye 107 is observed by the optical image
acquisition apparatus 100. As illustrated in FIG. 2A, when
the measuring beam 106 enters the retina 127 through
the cornea 126, it becomes the return beam 108 due to
the reflection or scattering at various positions and reach-
es the line camera 139 with a time delay at each position.
Since a band width of the light source 101 is wide and a
coherence length is short, when an optical path length
of a reference optical path and an optical path length of
a measuring optical path are almost equal, the interfer-
ence fringe can be detected by the line camera 139. As
mentioned  above, the interference fringe which is ob-
tained by the line camera 139 is the interference fringe
in a spectrum region on the wavelength axis.
[0044] Subsequently, the interference fringe serving
as information on the wavelength axis is converted into
an interference fringe on a light frequency axis in consid-
eration of characteristics of the line camera 139 and the
transmission grating 141. Further, by inversely Fourier
transforming the converted interference fringe on the light
frequency axis, information in a depth direction is ob-
tained. Further, as illustrated in FIG. 3, if the interference
fringe is detected while driving the X scanner 121-1, the
interference fringe is obtained every position of each X
axis, that is, the information in the depth direction at every
position of each X axis can be obtained. Thus, 2-dimen-
sional distribution of the intensity of the return beam 108
on the XZ surface is obtained, that is, it is a tomographic
image 132 (FIG. 2B).
[0045] Inherently, as described above, the tomograph-
ic image 132 is an image obtained by arranging the in-
tensity of the return beam 108 in an array shape and is
displayed, for example, by allocating the intensity to a
gray scale. Only a boundary of the obtained tomographic
image is emphasized and displayed. Reference numeral

146 denotes a retina pigmented epithelial cells layer and
147 indicates an optical nerve fiber layer.
[0046] Subsequently, an obtaining method of the plane
image (SLO image) by the optical image acquisition ap-
paratus of the embodiment will be described by using
FIG. 2A.
[0047] The optical image acquisition apparatus 100
controls the X scanner 121-2 and the Y scanner 121-3
and obtains the intensity of the return beam 108 by the
detector 138, so that it can obtain the plane image of the
retina 127. The flip mirrors 185-1 and 185-2 are controlled
so that the measuring beam 106 and the return beam
108 are guided to the optical path 186-2 (FIG. 4). The
movable beam splitter 161 is controlled so that the return
beam 108 is guided to the detector 138. The X scanner
121-1, X scanner 121-2, and Y scanner 121-3 are con-
trolled from the personal computer 125 through the op-
tical scanner driver 182 in the driver unit 181 (FIG. 1). In
this instance, the obtaining method of the plane image
(surface which is perpendicular to the optical axis) of the
retina 127 will be described here.
[0048] FIG. 2A is a schematic diagram of the eye 107
to be inspected and illustrates a state where the eye 107
is observed by the optical image acquisition apparatus
100. As illustrated in FIG. 2A, when the measuring beam
106 enters the retina 127 through the cornea 126, it be-
comes the return beam 108 due to the reflection or scat-
tering at various positions and reaches the detector 138.
[0049] Further, if the intensity of the return beam 108
is detected while driving the X scanner 121-1 as illustrat-
ed in FIG. 4, information at every position of each X axis
can be obtained. Further, the X scanner 121-2 and the
Y scanner 121-3 are simultaneously driven and while
raster-scanning the measuring beam 106 to the retina
127, the  intensity of the return beam 108 is detected. By
the detection, 2-dimensional distribution of the intensity
of the return beam 108 on the XZ surface is obtained,
that is, it is the plane image (not shown).
[0050] As mentioned above, by constructing the two
parallel optical paths by using the two flip mirrors and
constructing in such a manner that the optical scanners
of different scanning frequencies can be switched and
used, each optimum scanning frequency is selected for
a desired image of the plane image and the tomographic
image and the image acquisition can be performed. Fur-
ther, since most of the optical system is shared for the
objects of the tomographic image acquisition and the
plane image acquisition, the image acquisition of the
plane image and the tomographic image can be per-
formed by a simple construction. Since the return beam
is efficiently guided to the detector or the line camera by
using the movable beam splitter on the basis of the image
to be acquired, the high sensitive image acquisition of
the plane image and the tomographic image can be per-
formed. Since the resonant scanner is used as an X scan-
ner to obtain the plane image, the high speed image ac-
quisition can be performed and the plane image without
blurring can be obtained.
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Second embodiment

[0051] An optical image acquisition apparatus (also re-
ferred to as an image acquisition apparatus) according
to the second embodiment can obtain at least one of a
plane image (SLO image) and a tomographic image
(OCT image) of an eye to be inspected as an image of
high lateral resolution. Specifically speaking, by using a
spatial light modulator provided in an optical system in
which an optical system of the SLO for obtaining the plane
image and an optical system of the OCT of a Fourier
domain optical coherence for obtaining the tomographic
image are partially shared, an aberration that is caused
in a front eye portion of the eye to be inspected can be
corrected. Thus, the good plane image and tomographic
image can be obtained irrespective of a diopter or an
optical aberration of the eye to be inspected. At this time,
it is desirable to obtain the plane image by a small beam
diameter (low lateral resolution) at a high speed and to
obtain the tomographic image by a large beam diameter
at high lateral resolution. It is also desirable to have
changing means for changing the beam diameter in ac-
cordance with the switching of the image to be obtained.
The optical image acquisition apparatus has one X scan-
ner (fourth scanner) and one XY scanner (fifth scanner).
[0052] A scanning frequency of the X scanner and a
scanning frequency in the X direction of the XY scanner
differ. The X scanner and the XY scanner are optically
serially arranged. It is a feature that one of the X scanner
and the XY scanner is used for scanning in the X direction.
[0053] First, a whole schematic construction of the
OCT apparatus in the embodiment will  be described by
using FIG. 5. Since the same component elements as
those in the first embodiment in FIG. 1 are designated
by the same reference numerals in FIG. 5, the description
of the common portions is omitted here.
[0054] In FIG. 5, reference numeral 119 denotes an
XY scanner, 155 a wave front sensor, 158 a beam splitter,
159 a spatial light modulator, 160 a spherical mirror, 173
a polarizing plate, and 184 a spatial light modulator driver.
[0055] The optical image acquisition apparatus 100 in
the embodiment constructs the Michelson interferometer
as a whole as illustrated in FIG. 5. In FIG. 5, the meas-
uring beam 106 is guided to the eye 107 to be inspected
and serving as an observation target through the single
mode fiber 130-4, the spatial light modulator 159, the XY
scanner 119, an X scanner 121, spherical mirrors 160-1
to 160-9, and the like. An aberration which the return
beam 108 has is measured by the wave front sensor 155.
In this instance, the apparatus has a function for reducing
the aberration by controlling the spatial light modulator
159 using a liquid crystal and good plane image and to-
mographic image can be obtained irrespective of the di-
opter and aberration of the eye to be inspected.
[0056] Although the whole optical system has been
constructed by using a reflective optical system mainly
using the spherical mirrors in the embodiment, it can be
also constructed by a refractive optical system using

lenses in place of the spherical mirrors. Although the re-
flective spatial light modulator has been used in the em-
bodiment, the whole optical system can be also con-
structed by using a transmission spatial light modulator.
Although the spatial light modulator has been used as a
device for correcting the wave front aberration, it is suf-
ficient that the wave front aberration can be corrected,
and a variable shape mirror or the like can be also used.
Although the XY scanner and the X scanner have opti-
cally serially been arranged, a construction in which the
two X scanners have optically serially been arranged as
mentioned in the first embodiment and a construction in
which the aberration is corrected by using the spatial light
modulator can be also combined. Since the light source
101 is similar to that in the first embodiment, its descrip-
tion is omitted. The reference beam 105 is guided to a
mirror 114 serving as a reference mirror by mirrors 157-1
to 157-4.
[0057] Subsequently, the optical path of the measuring
beam 106 as a feature of the embodiment will be de-
scribed. The measuring beam 106 divided by the photo-
coupler 131 is guided to the lens 135-4 through the single
mode fiber 130-4 and is adjusted so as to become a par-
allel beam of a beam diameter of 4 mm. The polarization
controller 153-1 or 153-4 can adjust a polarizing state of
the measuring beam 106. Now, the polarizing state of
the measuring beam 106 has been adjusted to a linear
polarization in the direction which is parallel with the pa-
per surface.
[0058] The measuring beam 106 passes through the
beam splitter 158 and the movable beam  splitter 161, is
input to the spatial light modulator 159 through the spher-
ical mirrors 160-1 and 160-2, and is modulated. The spa-
tial light modulator 159 is a modulator for performing the
modulation by using the orientation of the liquid crystal,
is arranged in such a direction as to modulate a phase
of the linear polarization (P polarization) in the direction
which is parallel with the paper surface, and is matched
with the polarizing direction of the measuring beam 106.
[0059] Further, the measuring beam 106 passes
through the polarizing plate 173 and is input to the mirror
of the X scanner 121 through the spherical mirrors 160-3
and 160-4. Now, the polarizing plate 173 has a role of
guiding only the linear polarization light in the direction
which is parallel with the paper surface in the return beam
108 to the spatial light modulator 159. The X scanner 121
is an X scanner for scanning the measuring beam 106
in the direction which is parallel with the paper surface.
In this instance, a resonant scanner is used and its driving
frequency is equal to about 16 kHz. The X scanner 121
is driven at 16 kHz when the plane image is acquired.
[0060] Further, the measuring beam 106 is input to a
mirror of the XY scanner 119 through the spherical mir-
rors 160-5 and 160-6. Although the XY scanner 119 has
been illustrated as one mirror here, it is actually construct-
ed in such a manner the two mirrors of a mirror for X-
scanning and a mirror for Y-scanning are closely ar-
ranged.
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[0061] A center of the measuring beam 106 has been
adjusted so as to coincide with a rotational center of the
mirror of the XY scanner 119. A driving frequency of the
XY scanner 119 can be varied within a range of up to
500 Hz with respect to each axis. The X-scanning mirror
is driven at 500 Hz when the tomographic image is ac-
quired. The Y-scanning mirror is driven at 1 Hz when the
tomographic image is acquired and it is driven at 30 Hz
when the plane image is acquired.
[0062] Although the XY scanner 119 has been used
as an XY scanner, such a scanner that two axes are
scanned by one mirror manufactured by the MEMS tech-
nique or the like may be used. Further, the X scanner
(sixth scanner) and the Y scanner (seventh scanner) may
be separately arranged.
[0063] The spherical mirrors 160-7 to 160-9 are an op-
tical system for scanning the retina 127 and has a role
of scanning the retina 127 by the measuring beam 106
while a position near the cornea 126 is set to a fulcrum.
Although a beam diameter of the measuring beam 106
is equal to 4 mm, the beam diameter may be set to a
larger value in order to obtain the tomographic image of
the higher resolution. A light power of the measuring
beam 106 has been adjusted to 700 microwatts (10-6 W)
or less so as to cope with the standard regarding safety.
[0064] The electric stage 117-2 can be moved in the
direction shown by an arrow and can adjust and control
the position of the spherical mirror 160-8 serving as an
associated spherical mirror. By adjusting the position of
the spherical mirror 160-8, the measuring  beam 106 can
be focused to a predetermined layer of the retina 127 of
the eye 107 to be inspected and can be observed. In an
initial state, the position of the spherical mirror 160-8 has
been adjusted so that the measuring beam 106 enters
the cornea 126 in a state of the parallel beam. The ap-
paratus can also cope with a case where the eye 107 to
be inspected has a refractive error.
[0065] When the measuring beam 106 enters the eye
107 to be inspected, it becomes the return beam 108 by
the reflection or scattering from the retina 127, is guided
to the photocoupler 131 again, and reaches the line cam-
era 139.
[0066] A part of the return beam 108 which is divided
by the beam splitter 158 is input to the wave front sensor
155 and the aberration of the return beam 108 is meas-
ured. The wave front sensor 155 is a wave front sensor
of a Shuck Haltman system. The spherical mirrors 160-1
to 160-9 are arranged so that the XY scanner 119, X
scanner 121, cornea 126, wave front sensor 155, and
spatial light modulator 159 are optically conjugate. There-
fore, the wave front sensor 155 can measure the aber-
ration of the eye 107 to be inspected. The spatial light
modulator 159 can correct the aberration of the eye 107
to be inspected. Further, by controlling the spatial light
modulator 159 on the basis of the obtained aberration,
the aberration which occurs in the eye 107 to be inspect-
ed is corrected, thereby enabling the tomographic image
of higher lateral resolution to be obtained.

[0067] Although the spherical mirror 160-8 has been
used here, a cylindrical mirror may be used in place of
the spherical mirror 160-8 in dependence on the aberra-
tion of the eye 107 to be inspected. A new lens may be
added to the optical path of the measuring beam 106.
Although the measurement of the aberration using the
wave front sensor 155 has been performed by using the
measuring beam 106 here, another light source may be
used in order to measure the aberration. Another optical
path may be constructed in order to measure the aber-
ration. For example, light to measure the aberration can
be input from a space between the spherical mirror 160-9
and the cornea 126 by using the beam splitter.
[0068] Subsequently, a construction of a measuring
system in the optical image acquisition apparatus in the
embodiment will be described. Since the construction of
the measuring system for measuring the tomographic
image (OCT image) and the plane image (SLO image)
is similar to that in the first embodiment, its description
is omitted.
[0069] A part of the return beam 108 which is divided
by the beam splitter 158 is input to the wave front sensor
155 and the aberration of the return beam 108 is meas-
ured. An image signal obtained by the wave front sensor
155 is input to the personal computer 125 and the aber-
ration is calculated. The obtained aberration is expressed
by using a Zernike polynomial and indicates the aberra-
tion of the eye 107 to be inspected. The Zernike polyno-
mial is constructed by a term of tilt (inclination), a term
of defocus, a  term of astigmatism, a term of coma, a
term of trifoil, and the like.
[0070] Subsequently, the obtaining method of the to-
mographic image (OCT image) by the optical image ac-
quisition apparatus in the embodiment will be described.
[0071] The optical image acquisition apparatus 100
controls the operation of the XY scanner 119, makes the
X scanner 121 inoperative, uses it as a fixed mirror, and
obtains the interference fringe by the line camera 139,
so that it can obtain the tomographic image of the retina
127. The X scanner 121 and the XY scanner 119 are
controlled from the personal computer 125 through the
optical scanner driver 182 in the driver unit 181 (FIG. 5).
[0072] The optical image acquisition apparatus 100
controls the spatial light modulator 159 by using the ab-
erration of the inspection eye 107 measured by the wave
front sensor 155 and can obtain the tomographic image
while correcting the aberration occurring in the eye 107
to be inspected or the like. The apparatus 100 can also
obtain the tomographic image while controlling the spatial
light modulator 159 in a real-time manner.
[0073] Since the specific obtaining method of the tom-
ographic image is similar to that in the first embodiment,
its description is omitted here. In the embodiment, since
the aberration occurring in the eye 107 to be inspected
is corrected, the tomographic image of the higher lateral
resolution and higher contrast as compared with those
in the first embodiment can be obtained irrespective of
the eye to be inspected.
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[0074] Subsequently, the obtaining method of the
plane image (SLO image) by the optical image acquisi-
tion apparatus in the embodiment will be described.
[0075] The optical image acquisition apparatus 100
controls the operation only in the Y-axial direction of the
XY scanner 119 and the operation of the X scanner 121,
fixes the X-axial direction of the XY scanner 119, and
obtains the intensity of the return beam 108 by the de-
tector 138, so that it can obtain the plane image of the
retina 127. The X scanner 121 and the XY scanner 119
are controlled from the personal computer 125 through
the optical scanner driver 182 in the driver unit 181 (FIG.
5).
[0076] The optical image acquisition apparatus 100
controls the spatial light modulator 159 by using the ab-
erration of the inspection eye 107 measured by the wave
front sensor 155 and can obtain the plane image while
correcting the aberration occurring in the eye 107 to be
inspected or the like. The apparatus 100 can also obtain
the plane image while controlling the spatial light modu-
lator 159 in a real-time manner.
[0077] Since the specific obtaining method of the plane
image is similar to that in the first embodiment, its de-
scription is omitted here. In the embodiment, since the
aberration occurring in the eye 107 to be inspected is
corrected, the plane image of the higher lateral resolution
and higher contrast as compared with those in the first
embodiment can be obtained irrespective of the eye to
be inspected.
[0078] As mentioned above, by constructing the optical
path in which a plurality of optical scanners are optically
serially arranged and by constructing the apparatus in
such a manner that the optical scanners of different scan-
ning frequencies can be switched and used, the optimum
scanning frequency is selected for a desired image of
the plane image and the tomographic image and the im-
age acquisition can be performed.
[0079] Since most of the optical system is shared for
the objects of the tomographic image acquisition and the
plane image acquisition, the image acquisition of the to-
mographic image and the plane image can be performed
by a simple construction.
[0080] Since the measuring beam and the return beam
are corrected by using the spatial light modulator when
the aberration occurring in the eye to be inspected is
corrected, the plane image and the tomographic image
of the higher lateral resolution and higher contrast can
be obtained.

Other Embodiments

[0081] 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
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).
[0082] 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.
[0083] This application claims the benefit of Japanese
Patent Application No. 2010-027251, filed February 10,
2010.

Claims

1. An image acquisition apparatus comprising:

irradiating means for irradiating light from a light
source (101) to an inspection object;
tomographic image obtaining means for obtain-
ing a tomographic image of the inspection object
on the basis of a combined beam obtained by
combining a return beam from the inspection ob-
ject due to the light irradiated by the irradiating
means and a reference beam (105) correspond-
ing to the light;
plane image obtaining means for obtaining a
plane image of the inspection object on the basis
of the return beam from the inspection object
due to the light irradiated by the irradiating
means;
first scanning means (121-1; 119) for main-
scanning the light irradiated by the irradiating
means when the tomographic image is ob-
tained;
second scanning means (121-2; 121) for main-
scanning the light irradiated by the irradiating
means at a speed higher than that in the first
scanning means when the plane image is ob-
tained; and
third scanning means (121-3; 119) for sub-scan-
ning the light irradiated by the irradiating means
when each of the tomographic image and the
plane image is obtained.

2. An image acquisition apparatus according to claim
1, further comprising:

first separating means (131), provided on an op-
tical path of the tomographic image obtaining
means, for separating the light from the light
source into the beam (106) which is irradiated
to the inspection object and the reference beam
(105);
second separating means (161) which can be
inserted or removed at a position in front of the
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first separating means so as to input or block
the return beam from the inspection object due
to the light irradiated by the irradiating means;
and
control means (125) for controlling one of the
first scanning means and the second scanning
means in accordance with the insertion or re-
moval of the second separating means.

3. An image acquisition apparatus according to claim
2, wherein
when the second separating means has been re-
moved, the tomographic image obtaining means ob-
tains the tomographic image of the inspection object
on the basis of the beam obtained by combining the
return beam and the reference beam by the first sep-
arating means, and
when the second separating means has been insert-
ed, the plane image obtaining means obtains the
plane image of the inspection object on the basis of
a part of the return beam.

4. An image acquisition apparatus according to claim
2 or 3, wherein
the second separating means is a beam splitter
which can be inserted or removed, and
the second scanning means is a resonant scanner.

5. An image acquisition apparatus according to any one
of claims 1 to 4, wherein
the light source is a light source for generating low-
coherence light, and
the single light source is used when each of tomo-
graphic image and the plane image is obtained.

6. An image acquisition apparatus according to any one
of claims 1 to 5, further comprising selecting means
for selecting one of the first scanning means and the
second scanning means as scanning means for
main-scanning the light irradiated by the irradiating
means, and
wherein one of the tomographic image and the plane
image is selected in accordance with a selection re-
sult of the selecting means.

7. An image acquisition apparatus according to claim
6, wherein when the first scanning means is selected
by the selecting means, the tomographic image is
obtained, and when the second scanning means is
selected by the selecting means, the plane image is
obtained.

8. An image acquisition apparatus according to claim
6 or 7, wherein
the first scanning means, the second scanning
means, and the third scanning means are optically
serially arranged,
when the first scanning means is selected by the

selecting means, the tomographic image obtaining
means obtains the tomographic image, and
when the second scanning means is selected by the
selecting means, the plane image obtaining means
obtains the plane image.

9. An image acquisition apparatus according to any one
of claims 1 to 8, further comprising:

first and second optical paths on which the first
scanning means and the second scanning
means are optically arranged in parallel, respec-
tively; and
optical path selecting means for selecting one
of the first optical path and the second optical
path as an optical path for guiding the light irra-
diated by the irradiating means to the inspection
object, and
wherein when the first optical path is selected
by the optical path selecting means, the tomo-
graphic image obtaining means obtains the to-
mographic image, and
when the second optical path is selected by the
optical path selecting means, the plane image
obtaining means obtains the plane image.

10. An image acquisition apparatus according to claim
9, wherein
the optical path selecting means is a mirror which
can be inserted onto or removed from the optical
path for guiding the light to the inspection object, and
one of the first optical path and the second optical
path is selected by the insertion or removal of the
mirror.

11. An image acquisition apparatus according to any one
of claims 1 to 10, wherein the first scanning means
and the second scanning means are optically ar-
ranged in parallel after the third scanning means.

12. An image acquisition apparatus according to any one
of claims 1 to 11, wherein
the inspection object is an eye to be inspected,
the tomographic image of the inspection object is a
tomographic image of a retina of the eye to be in-
spected, and
the plane image of the inspection object is a fundus
image of the eye to be inspected.

Patentansprüche

1. Bildaufnahmevorrichtung mit
einer Bestrahlungseinrichtung zum Ausstrahlen von
Licht von einer Lichtquelle (101) zu einem Untersu-
chungsobjekt,
einer Tomographiebilderhalteeinrichtung zum Er-
halten eines Tomographiebildes des Untersu-
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chungsobjekts auf der Grundlage eines kombinier-
ten Strahls, der durch Kombination eines Rück-
kehrstrahls von dem Untersuchungsobjekt aufgrund
des durch die Bestrahlungseinrichtung ausgestrahl-
ten Lichts und eines dem Licht entsprechenden Re-
ferenzstrahls (105) erhalten wird,
einer Ebenenbilderhalteeinrichtung zum Erhalten ei-
nes Ebenenbildes des Untersuchungsobjekts auf
der Grundlage des Rückkehrstrahls von dem Unter-
suchungsobjekt aufgrund des durch die Bestrah-
lungseinrichtung ausgestrahlten Lichts,
einer ersten Abtasteinrichtung (121-1; 119) zur
Hauptabtastung des durch die Bestrahlungseinrich-
tung ausgestrahlten Lichts, wenn das Tomographie-
bild erhalten wird,
einer zweiten Abtasteinrichtung (121-2; 121) zur
Hauptabtastung des durch die Bestrahlungseinrich-
tung ausgestrahlten Lichts mit einer höheren Ge-
schwindigkeit als in der ersten Abtasteinrichtung,
wenn das Ebenenbild erhalten wird, und
einer dritten Abtasteinrichtung (121-3; 119) zur Un-
terabtastung des durch die Bestrahlungseinrichtung
ausgestrahlten Lichts, wenn das Tomographiebild
und das Ebenenbild erhalten werden.

2. Bildaufnahmevorrichtung nach Anspruch 1, ferner
mit
einer ersten Trenneinrichtung (131), die auf einem
Strahlengang der Tomographiebilderhalteeinrich-
tung vorgesehen ist, zum Trennen des Lichts von
der Lichtquelle in den zu dem Untersuchungsobjekt
ausgestrahlten Strahl (106) und den Referenzstrahl
(105),
einer zweiten Trenneinrichtung (161), die an einer
Position vor der ersten Trenneinrichtung derart ein-
gefügt oder entfernt werden kann, dass der Rück-
kehrstrahl von dem Untersuchungsobjekt aufgrund
des durch die Bestrahlungseinrichtung ausgestrahl-
ten Lichts eingegeben oder blockiert werden kann,
und
einer Steuereinrichtung (125) zur Steuerung der er-
sten Abtasteinrichtung oder der zweiten Abtastein-
richtung entsprechend der Einfügung oder Entfer-
nung der zweiten Trenneinrichtung.

3. Bildaufnahmevorrichtung nach Anspruch 2, wobei,
wenn die zweite Trenneinrichtung entfernt ist, die
Tomographiebilderhalteeinrichtung das Tomogra-
phiebild des Untersuchungsobjekts auf der Grund-
lage des Strahls erhält, der durch Kombination des
Rückkehrstrahls und des Referenzstrahls durch die
erste Trenneinrichtung erhalten wird, und
wenn die zweite Trenneinrichtung eingefügt ist, die
Ebenenbilderhalteeinrichtung das Ebenenbild des
Untersuchungsobjekts auf der Grundlage eines
Teils des Rückkehrstrahls erhält.

4. Bildaufnahmevorrichtung nach Anspruch 2 oder 3,

wobei
die zweite Trenneinrichtung ein Strahlteiler ist, der
eingefügt oder entfernt werden kann, und
die zweite Abtasteinrichtung eine Resonanzabtast-
einrichtung ist.

5. Bildaufnahmevorrichtung nach einem der Ansprü-
che 1 bis 4, wobei
die Lichtquelle eine Lichtquelle zur Erzeugung von
Licht mit niedriger Kohärenz ist, und
die einzelne Lichtquelle verwendet wird, wenn das
Tomographiebild und das Ebenenbild erhalten wer-
den.

6. Bildaufnahmevorrichtung nach einem der Ansprü-
che 1 bis 5, ferner mit einer Auswahleinrichtung zum
Auswählen der ersten Abtasteinrichtung oder der
zweiten Abtasteinrichtung als Abtasteinrichtung für
eine Hauptabtastung des durch die Bestrahlungs-
einrichtung ausgestrahlten Lichts, und
wobei das Tomographiebild oder das Ebenenbild
entsprechend einem Auswahlergebnis der Auswahl-
einrichtung ausgewählt wird.

7. Bildaufnahmevorrichtung nach Anspruch 6, wobei,
wenn die erste Abtasteinrichtung durch die Auswahl-
einrichtung ausgewählt ist, das Tomographiebild er-
halten wird, und wenn die zweite Abtasteinrichtung
durch die Auswahleinrichtung ausgewählt ist, das
Ebenenbild erhalten wird.

8. Bildaufnahmevorrichtung nach Anspruch 6 oder 7,
wobei
die erste Abtasteinrichtung, die zweite Abtasteinrich-
tung und die dritte Abtasteinrichtung optisch seriell
angeordnet sind,
wenn die erste Abtasteinrichtung durch die Auswahl-
einrichtung ausgewählt ist, die Tomographiebilder-
halteeinrichtung das Tomographiebild erhält, und
wenn die zweite Abtasteinrichtung durch die Aus-
wahleinrichtung ausgewählt ist, die Ebenenbilder-
halteeinrichtung das Ebenenbild erhält.

9. Bildaufnahmevorrichtung nach einem der Ansprü-
che 1 bis 8, ferner mit
einem ersten und einem zweiten Strahlengang, auf
denen jeweils die erste Abtasteinrichtung und die
zweite Abtasteinrichtung optisch parallel angeord-
net sind, und
einer Strahlengangauswahleinrichtung zum Aus-
wählen des ersten Strahlengangs oder des zweiten
Strahlengangs als Strahlengang zum Führen des
durch die Bestrahlungseinrichtung zu dem Untersu-
chungsobjekt ausgestrahlten Lichts, und
wobei, wenn der erste Strahlengang durch die Strah-
lengangauswahleinrichtung ausgewählt ist, die To-
mographiebilderhalteeinrichtung das Tomographie-
bild erhält, und
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wenn der zweite Strahlengang durch die Strahlen-
gangauswahleinrichtung ausgewählt ist, die Ebe-
nenbilderhalteeinrichtung das Ebenenbild erhält.

10. Bildaufnahmevorrichtung nach Anspruch 9, wobei
die Strahlengangauswahleinrichtung ein Spiegel ist,
der in den Strahlengang zum Führen des Licht zu
dem Untersuchungsobjekt eingefügt oder daraus
entfernt werden kann, und
der erste Strahlengang oder der zweite Strahlen-
gang durch das Einfügen oder Entfernen des Spie-
gels ausgewählt wird.

11. Bildaufnahmevorrichtung nach einem der Ansprü-
che 1 bis 10, wobei die erste Abtasteinrichtung und
die zweite Abtasteinrichtung nach der dritten Abta-
steinrichtung optisch parallel angeordnet sind.

12. Bildaufnahmevorrichtung nach einem der Ansprü-
che 1 bis 11, wobei
das Untersuchungsobjekt ein zu untersuchendes
Auge ist,
das Tomographiebild des Untersuchungsobjekts ein
Tomographiebild einer Retina des zu untersuchen-
den Auges ist, und
das Ebenenbild des Untersuchungsobjekts ein Fun-
dusbild des zu untersuchenden Auges ist.

Revendications

1. Dispositif d’acquisition d’image comprenant :

un moyen d’éclairage destiné à projeter de la
lumière à partir d’une source (101) de lumière
sur un objet d’examen ;
un moyen d’obtention d’image tomographique
destiné à obtenir une image tomographique de
l’objet d’examen sur la base d’un faisceau com-
biné obtenu en combinant un faisceau de retour
issu de l’objet d’examen résultant de la lumière
projetée par le moyen d’éclairage et un faisceau
de référence (105) correspondant à la lumière ;
un moyen d’obtention d’image plane destiné à
obtenir une image plane de l’objet d’examen sur
la base du faisceau de retour issu de l’objet
d’examen résultant de la lumière projetée par le
moyen d’éclairage ;
un premier moyen (121-1 ; 119) de balayage
destiné à effectuer un balayage principal à l’aide
de la lumière projetée par le moyen d’éclairage
lorsque l’on obtient l’image tomographique ;
un deuxième moyen (121-2 ; 121) de balayage
destiné à effectuer un balayage principal à l’aide
de la lumière projetée par le moyen d’éclairage
à une vitesse plus grande que celle du premier
moyen de balayage lorsque l’on obtient l’image
plane ; et

un troisième moyen (121-3 ; 119) de balayage
destiné à effectuer un balayage secondaire à
l’aide de la lumière projetée par le moyen d’éclai-
rage lorsque l’on obtient chacune de l’image to-
mographique et de l’image plane.

2. Dispositif d’acquisition d’image selon la revendica-
tion 1, comprenant en outre :

un premier moyen (131) de séparation, disposé
sur le trajet optique du moyen d’obtention d’ima-
ge tomographique, destiné à séparer la lumière
provenant de la source de lumière en le faisceau
(106) qui est projeté sur l’objet d’examen et le
faisceau (105) de référence ;
un second moyen (161) de séparation qui peut
être inséré ou retiré à une position devant le pre-
mier moyen de séparation de façon à entrer ou
arrêter le faisceau de retour provenant de l’objet
d’examen résultant de la lumière projetée par le
moyen d’éclairage ; et
un moyen (125) de commande destiné à com-
mander l’un du premier moyen de balayage et
du deuxième moyen de balayage en fonction de
l’insertion ou du retrait du second moyen de sé-
paration.

3. Dispositif d’acquisition d’image selon la revendica-
tion 2, dans lequel
lorsque le second moyen de séparation a été retiré,
le moyen d’obtention d’image tomographique obtient
l’image tomographique de l’objet d’examen sur la
base du faisceau obtenu en combinant le faisceau
de retour et le faisceau de référence à l’aide du pre-
mier moyen de séparation, et
lorsque le second moyen de séparation a été inséré,
le moyen d’obtention d’image plane obtient l’image
plane de l’objet d’examen sur la base d’une partie
du faisceau de retour.

4. Dispositif d’acquisition d’image selon la revendica-
tion 2 ou 3, dans lequel
le second moyen de séparation est un diviseur de
faisceau qui peut être inséré ou retiré, et
le deuxième moyen de balayage est un analyseur à
résonance.

5. Dispositif d’acquisition d’image selon l’une quelcon-
que des revendications 1 à 4, dans lequel
la source de lumière est une source de lumière des-
tinée à engendrer de la lumière à faible cohérence, et
la source unique de lumière est utilisée lorsque l’on
obtient chacune de l’image tomographique et de
l’image plane.

6. Dispositif d’acquisition d’image selon l’une quelcon-
que des revendications 1 à 5, comprenant en outre
un moyen de choix destiné à choisir l’un du premier
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moyen de balayage et du deuxième moyen de ba-
layage comme moyen de balayage destiné à effec-
tuer un balayage principal à l’aide de la lumière pro-
jetée par le moyen d’éclairage, et
dans lequel on choisit l’une de l’image tomographi-
que et de l’image plane en fonction du résultat de
choix du moyen de choix.

7. Dispositif d’acquisition d’image selon la revendica-
tion 6, dans lequel, lorsque le premier moyen de ba-
layage est choisi par le moyen de choix, on obtient
l’image tomographique et, lorsque le deuxième
moyen de balayage est choisi par le moyen de choix,
on obtient l’image plane.

8. Dispositif d’acquisition d’image selon la revendica-
tion 6 ou 7, dans lequel
le premier moyen de balayage, le deuxième moyen
de balayage et le troisième moyen de balayage sont
agencés optiquement en série,
lorsque le premier moyen de balayage est choisi par
le moyen de choix, le moyen d’obtention d’image
tomographique obtient l’image tomographique, et
lorsque le deuxième moyen de balayage est choisi
par le moyen de choix, le moyen d’obtention d’image
plane obtient l’image plane.

9. Dispositif d’acquisition d’image selon l’une quelcon-
que des revendications 1 à 8, comprenant en outre :

des premier et second trajets optiques sur les-
quels le premier moyen de balayage et le
deuxième moyen de balayage sont, respective-
ment, agencés optiquement en parallèle ; et
un moyen de choix de trajet optique destiné à
choisir l’un du premier trajet optique et du se-
cond trajet optique  comme trajet optique pour
guider vers l’objet d’examen la lumière projetée
par le moyen d’éclairage, et dans lequel
lorsque le premier trajet optique est choisi par
le moyen de choix de trajet optique, le moyen
d’obtention d’image tomographique obtient
l’image tomographique, et
lorsque le second trajet optique est choisi par le
moyen de choix de trajet optique, le moyen d’ob-
tention d’image plane obtient l’image plane.

10. Dispositif d’acquisition d’image selon la revendica-
tion 9, dans lequel
le moyen de choix de trajet optique est un miroir qui
peut être inséré dans le, ou retiré du, trajet optique
pour guider la lumière vers l’objet d’examen, et
on choisit l’un du premier trajet optique et du second
trajet optique par l’insertion ou le retrait du miroir.

11. Dispositif d’acquisition d’image selon l’une quelcon-
que des revendications 1 à 10, dans lequel le premier
moyen de balayage et le deuxième moyen de ba-

layage sont agencés optiquement en parallèle après
le troisième moyen de balayage.

12. Dispositif d’acquisition d’image selon l’une quelcon-
que des revendications 1 à 11, dans lequel
l’objet d’examen est un oeil à examiner,
l’image tomographique de l’objet d’examen est une
image tomographique de la rétine de l’oeil à exami-
ner, et
l’image plane de l’objet d’examen est une image de
fond de l’oeil à examiner.
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