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Description

Technical Field

[0001] The present invention relates to an imaging ap-
paratus that captures optical coherence tomographic im-
ages.

Background Art

[0002] Imaging apparatuses that employ optical coher-
ence tomography (hereinafter referred to as OCT) are
being developed (see PTL 1) (hereinafter, an imaging
apparatus that employs OCT is referred to as an OCT
apparatus). An OCT apparatus illuminates an object with
light while changing the wavelength of the illumination
light and makes reflection light beams returned from dif-
ferent depths of the object interfere with reference light
to generate interference light. Then, frequency compo-
nents of the temporal waveform representing the inten-
sity of the interference light are analyzed to thereby obtain
a tomographic image of the object. An OCT apparatus
is used in fundus examinations, for example.
[0003] A large number of ocular diseases are difficult
to completely cure. Therefore, it is important to find any
lesion in the fundus earlier and to start a treatment that
slows the spreading of the lesion over a wide area of the
fundus earlier. Particularly, if the lesion reaches the mac-
ula, vision is seriously impaired. Therefore, it is desirable
to find any lesion even if the lesion is located sufficiently
away from the macula. To meet such a desire, an OCT
apparatus used in fundus examinations is expected to
have a wider angle of view.
[0004] PTL 1 discloses a technique for creating a to-
mographic image of a wide area by combining together
a plurality of tomographic images in order to widen the
area of the fundus which is observable on the tomograph-
ic image. PTL 1 also discloses an OCT apparatus that
employs a swept light source (a swept-source OCT ap-
paratus, hereinafter referred to as an SS-OCT appara-
tus). According to PTL 1, the swept light source is con-
stituted by a fiber-ring resonator and a wavelength-se-
lective filter, for example.
[0005] US 2011/255095 A1 describes an optical imag-
ing system includes an optical radiation source, a fre-
quency clock module outputting frequency clock signals,
an optical interferometer, a data acquisition device (DAQ)
triggered by the frequency clock signals, and a computer
to perform multi-dimensional optical imaging of the sam-
ples. The frequency clock signals are processed by soft-
ware or hardware to produce a record containing fre-
quency-time relationship of the optical radiation source
to externally clock the sampling process of the DAQ de-
vice. The system may employ over-sampling and various
digital signal processing methods to improve image qual-
ity. The system further includes multiple stages of routers
connecting the light source with a plurality of interferom-
eters and a DAQ system externally clocked by frequency

clock signals to perform high-speed multi-channel optical
imaging of samples.
[0006] US 2009/046295 A1 describes a method and a
system for Uniform Frequency Sample Clocking to di-
rectly sample the OCT signal with a temporally-non-linear
sampling clock derived from a k-space wavemeter on the
external sample clock input port of a digitizer.
[0007] A paper titled "Handheld ultrahigh speed swept
source optical coherence tomography instrument using
a MEMS scanning mirror", by Chen D. et al, in Biomedical
Optics Express, vol. 5, no. 1, 1 January 2014, pp. 293,
XP055187640, discusses an ultrahigh speed, handheld
swept source optical coherence tomography (SS-OCT)
ophthalmic instrument using a 2D MEMS mirror. A ver-
tical cavity surface-emitting laser (VCSEL) operating at
1060 nm center wavelength yielded a 350 kHz axial scan
rate and 10 mm axial resolution in tissue. The long co-
herence length of the VCSEL enabled a 3.08 mm imaging
range with minimal sensitivity roll-off in tissue.

Citation List

Patent Literature

[0008] PTL 1: Japanese Patent Laid-Open No.
2012-115578

Non Patent Literature

[0009] NPL 1: Depth-encoded all-fiber swept source
polarization sensitive OCT (1 September 2014_Vol.5,
No.9 BIOMEDICAL OPTICS EXPRESS)

Summary of Invention

Solution to Problem

[0010] The present invention provides an imaging ap-
paratus as set out in claims 1 and 5. Preferred features
are set out in the dependent claims.
[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 is a schematic diagram illustrating an example
of an OCT apparatus according to the present em-
bodiment.
Fig. 2A is a schematic diagram illustrating a method
of scanning illumination light performed by a scan
unit of the OCT apparatus according to the present
embodiment.
Fig. 2B is a schematic diagram illustrating a method
of scanning illumination light performed by the scan
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unit of the OCT apparatus according to the present
embodiment.
Fig. 2C is a schematic diagram illustrating a method
of scanning illumination light performed by the scan
unit of the OCT apparatus according to the present
embodiment.
Fig. 2D is a schematic diagram illustrating a method
of scanning illumination light performed by the scan
unit of the OCT apparatus according to the present
embodiment.
Fig. 3 is a schematic diagram of an eyeball relating
to the present embodiment.
Fig. 4 is a diagram for describing an issue concerning
a wider angle of view relating to the present embod-
iment.
Fig. 5A is a diagram for describing changes in the
optical frequency of a tunable light source according
to the present embodiment.
Fig. 5B is a diagram for describing a k-clock accord-
ing to the present embodiment.
Fig. 6 is a schematic diagram of a k-clock generator
according to the present embodiment.
Fig. 7A is a diagram for describing the sampling the-
orem relating to the present embodiment.
Fig. 7B is a diagram for describing the sampling the-
orem relating to the present embodiment.
Fig. 8 is a schematic diagram of a k-clock generator
configured by using a double-path interferometer.
Fig. 9 is a table illustrating relationships among the
depth ranges of a tomographic image (within the eye-
ball and in air), the number of samples N, the clock
frequency fs, and the optical path length difference
of a k-clock interferometer.

Description of Embodiments

[0013] With a method according to the related art, im-
age processing for combining together a plurality of suc-
cessive tomographic images that have been obtained
takes longer and is troublesome. Accordingly, it is desir-
able that a tomographic image of a wide area is obtained
by performing a single image capture operation. In this
case, however, because the eyeball is substantially
spherical, the optical path length of illumination light in a
central portion of the fundus is significantly different from
that in a peripheral portion thereof. Consequently, with
the configuration of an OCT apparatus according to the
related art, it is difficult to comprehensively capture a to-
mographic image of the fundus in a desired depth range
with a single scan operation over a wide area of the fun-
dus.
[0014] In an SS-OCT apparatus, a clock generator is
typically used. The clock generator is configured as an
interferometer including an optical path through which
part of light emitted from a swept light source passes,
the optical path being split into a first optical path and a
second optical path having an optical path length differ-
ence relative to the first optical path, to generate a clock

used by an A/D converter sampling an analog signal.
[0015] In view of the issue described above, the
present embodiment provides a clock generator that is
configured so that a tomographic image of the fundus in
a desired depth range can be comprehensively obtained
with a single scan operation over a wide area of the fun-
dus.
[0016] An imaging apparatus according to the present
embodiment is an SS-OCT apparatus and includes an
interference unit (for example, an OCT interference unit
20 described below) and a detector (for example, a pho-
todetector) that detects interference light generated as a
result of interference at the interference unit. The imaging
apparatus according to the present embodiment further
includes a converter (for example, an A/D converter 32
described below) that converts an analog signal (an elec-
trical signal) generated from the interference light detect-
ed by the detector into a digital signal. The imaging ap-
paratus according to the present embodiment further in-
cludes a clock generator that is configured as an inter-
ferometer including an optical path through which part of
light emitted from a swept light source passes, the optical
path being split into a first optical path and a second op-
tical path having an optical path length difference relative
to the first optical path, to generate a clock used by the
converter sampling the analog signal. Here, the light
source according to the present embodiment is a light
source for an SS-OCT apparatus which sweeps the
wavelength of the emitted light, and is also called a swept
light source. The clock generator according to the present
embodiment is a k-clock generator 80 described below,
for example. The imaging apparatus according to the
present embodiment further includes a tomographic im-
age obtaining unit that obtains a tomographic image of
the fundus by using the digital signal converted from the
analog signal sampled by the converter in accordance
with the generated clock.
[0017] A scan unit according to the present embodi-
ment is configured to scan the illumination light across
the fundus over a scan angle equal to or larger than 47
degrees in terms of the angle in air. Accordingly, the im-
age capture range (scanning range) in the planar direc-
tion of the fundus can be 14 mm or more. The clock gen-
erator according to the present embodiment is configured
so that the optical path length difference of the interfer-
ometer is 22/n mm or more in air in a case where the
clock frequency is n times (n is an integer equal to or
larger than 1) the frequency of the interferometer, the
frequency of the interferometer corresponding to the op-
tical path length difference of the interferometer. In this
case, the depth range of a tomographic image can be
one-fourth the optical path length difference, namely, 5.5
mm or more, which is equal to 4.0 mm or more within the
eyeball. Accordingly, by configuring the optical path
length difference of the clock generator as described
above, it is possible to comprehensively obtain a tomo-
graphic image of the fundus in a desired depth range with
a single scan operation over a wide area of the fundus.
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[0018] The optical path length difference of the inter-
ferometer of the clock generator corresponds to the clock
used by the converter sampling an analog signal, and
therefore, the sampling theorem needs to be considered
when the optical path length difference is determined.
According to the sampling theorem, it is not possible to
obtain a tomographic image with high accuracy in a range
equal to or larger than half the optical path length differ-
ence. In a general clock generator, a single-path inter-
ferometer is used, and therefore, it is assumed that a
single-path interferometer is used as the interferometer
of the clock generator. The sample optical path of an
OCT apparatus is configured as a double path, and there-
fore, the depth range of a tomographic image is half the
optical path length difference of the interferometer of the
clock generator. Consequently, the depth range of a to-
mographic image is equal to one-quarter of the optical
path length difference of the interferometer of the clock
generator as a result of calculation. The relationship be-
tween the optical path length difference and the depth
range is described in detail below.
[0019] It is ideal that a swept light source, which is the
light source in the present embodiment, is configured to
emit light of each wavelength while the light lineally
changes over time. However, in a general swept light
source, in actuality, the light does not lineally change with
accuracy but non-lineally changes, and a mode hop (an
event in which the wavelength changes non-continuously
at a certain timing) or the like may occur. That is, with a
swept light source, it is difficult to accurately sweep the
wavelength in accordance with a setting. Therefore, the
clock generator described above is used to adjust the
timing at which the converter converts an analog signal
into a digital signal. Here, it is desirable that the clock
generator generates a clock so that the converter sam-
ples an analog signal at substantially equal wavenumber
intervals. By doing so, it is possible to easily perform con-
version from the wavenumber space into the real space
without performing interpolation or the like. However, the
present invention is not limited to the above. Sampling
at substantially equal wavenumber intervals need not be
performed. If such sampling is not performed, interpola-
tion or the like is performed to thereby perform conversion
from the wavenumber space into the real space.
[0020] A light source 10 in the present embodiment is
not limited to a specific light source as long as the light
source 10 is a light source that changes the wavelength
of the light. In order to obtain information about an object
by using an OCT apparatus, the wavelength of the light
emitted from the light source needs to be continuously
changed. As the light source 10 in the present embodi-
ment, an external-resonator-type swept light source that
uses a diffraction grating, a prism, and so on, or an ex-
ternal-resonator-type light source of any type using a res-
onator-length-variable Fabry-Perot tunable filter may be
used, for example. Alternatively, a superstructure-grating
distributed Bragg reflector (SSG-DBR) that changes the
wavelength by using a sampled grating, a tunable verti-

cal-cavity surface-emitting laser (VCSEL) using the mi-
cro-electro-mechanical systems (MEMS) mechanism
(MEMS-VCSEL), or the like may be used. Also, a fiber
laser may be used. The fiber laser may be based on a
dispersion tuning scheme or a Fourier domain mode lock-
ing scheme. Examples of an external-resonator-type
swept light source using a diffraction grating, a prism,
and so on include a swept light source in which a reso-
nator is equipped with a diffraction grating, the light is
separated by the diffraction grating, and the wavelength
of the emitted light is continuously changed by using a
polygon mirror or a stripe-shaped reflection mirror pro-
vided on a rotating disk. In general, a VCSEL is config-
ured as a surface-emitting laser that includes a lower
reflection mirror, an active layer, and an upper reflection
mirror in this order, has a cavity between the active layer
and the upper reflection mirror, and changes the position
of at least one of the upper reflection mirror and the lower
reflection mirror in the optical axis direction to change
the wavelength of the emitted light.
[0021] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
An embodiment described below is not intended to limit
the present invention described in the appended claims,
and all of the combinations of features described in the
present embodiment are not necessarily essential to a
solution provided by the present invention. For example,
an OCT apparatus according to the present embodiment
is configured by using a Mach-Zehnder interferometer;
however, the present invention is not limited to this. The
OCT apparatus may be configured by using a Michelson
interferometer. The OCT apparatus according to the
present embodiment is configured to change the refer-
ence optical path length; however, the present invention
is not limited to this. The OCT apparatus may be config-
ured to change the optical path length difference between
the reference light and the measurement light. For ex-
ample, the reference optical path length may be fixed
while the measurement optical path length may be
changed.

Configuration of SS-OCT

[0022] Fig. 1 is a diagram illustrating an example con-
figuration of an imaging apparatus based on an optical
coherence tomography imaging method (OCT appara-
tus) according to an embodiment of the present invention.
The OCT apparatus includes the light source 10 that
sweeps the optical frequency of the emitted light, the OCT
interference unit 20 that generates interference light, a
detector 30 that detects the interference light, and an
information obtaining unit 40 that obtains information
about the fundus of an object 100. The information ob-
taining unit 40 also functions as a tomographic image
obtaining unit (image generation unit) that obtains (gen-
erates) a tomographic image of the fundus. The OCT
apparatus further includes a measurement arm 50 and
a reference arm 60.
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[0023] The OCT interference unit 20 includes couplers
21 and 22. The coupler 21 splits light emitted from the
light source 10 into illumination light that is incident on
the fundus and reference light. The illumination light
passes through the measurement arm 50 and is incident
on the object 100. More specifically, the illumination light
that enters the measurement arm 50 passes through a
polarization controller 51 at which the polarization state
thereof is adjusted, and is thereafter emitted from a col-
limator 52 as spatial light. Thereafter, the illumination light
passes through an X-axis scanner 53, a Y-axis scanner
54, and a focus lens 55 and is incident on the fundus of
the object 100. The X-axis scanner 53 and the Y-axis
scanner 54 constitute the scan unit having a function of
scanning the fundus with the illumination light. With the
scan unit, a position on the fundus which is illuminated
with the illumination light can be changed. The back-scat-
tered light (reflection light) from the fundus passes
through the focus lens 55, the Y-axis scanner 54, the X-
axis scanner 53, the collimator 52, and the polarization
controller 51, is emitted from the measurement arm 50,
and enters the coupler 22 via the coupler 21.
[0024] On the other hand, the reference light passes
through the reference arm 60 and enters the coupler 22.
More specifically, the reference light that enters the ref-
erence arm 60 passes through a polarization controller
61 at which the polarization state thereof is adjusted, and
is thereafter emitted from a collimator 62 as spatial light.
Thereafter, the reference light passes through a disper-
sion compensation glass component 63, an optical-path-
length adjusting optical system 64, and a dispersion ad-
justing prism pair 65, enters an optical fiber via a colli-
mator lens 66, is emitted from the reference arm 60, and
enters the coupler 22.
[0025] The reflection light from the object 100 which
passes through the measurement arm 50 and the refer-
ence light which passes through the reference arm 60
interfere with each other at the coupler 22 to generate
interference light. Then, the interference light is detected
by the detector 30. The detector 30 includes a differential
detector 31 and the A/D converter 32. In the detector 30,
the differential detector 31 detects interference light
beams separated immediately after the interference light
has been generated at the coupler 22. Then, the differ-
ential detector 31 converts the OCT interference signal
into an electrical signal, and the A/D converter 32 con-
verts the electrical signal into a digital signal. The digital
signal is sent to the information obtaining unit 40 at which
a frequency analysis, such as Fourier transform, is per-
formed on the digital signal to thereby obtain information
about the fundus. The obtained information about the
fundus is displayed on a display 70 as a tomographic
image.
[0026] The imaging apparatus according to the present
embodiment may further include an analysis unit that an-
alyzes the obtained tomographic image to perform seg-
mentation into a plurality of layers, and the information
obtaining unit 40 may function as the analysis unit, for

example. In this case, the imaging apparatus may further
include an image generation unit that generates a planar
image along any of the plurality of layers in accordance
with an analysis result from the analysis unit, and the
information obtaining unit 40 may function as the image
generation unit, for example. The imaging apparatus may
further include a display controller that displays the planar
image and the tomographic image on the display 70 while
the positions of the macula and the optic disc of the fun-
dus which are included in the planar image are associ-
ated with the positions of the macula and the optic disc
of the fundus which are included in the tomographic im-
age, and the information obtaining unit 40 may function
as the display controller, for example. As a result, it is
possible to observe the planar image along any of the
plurality of layers over a wider angle of view, resulting in
increased diagnostic efficiency and diagnostic accuracy.
The imaging apparatus may further include a computa-
tion unit that generates curvature information about the
fundus including the macula and the optic disc of the
fundus by using a tomographic image of the macula and
the optic disc of the fundus, and the information obtaining
unit 40 may function as the computation unit, for example.
As a result, it is possible to quantitatively evaluate the
curvature of the fundus over a wider angle of view, re-
sulting in increased diagnostic efficiency and diagnostic
accuracy. In order to obtain a tomographic image of the
fundus including the macula and the optic disc, the scan
unit may be controlled so that the macula and the optic
disc are illuminated with the illumination light with a single
scan operation. Alternatively, a 3D tomographic image
of the fundus is obtained, and thereafter, a tomographic
image including the macula and the optic disc may be
recreated from the 3D tomographic image.
[0027] In the OCT apparatus illustrated in Fig. 1, sam-
pling of interference light is performed at equal optical
frequency (equal wavenumber) intervals on the basis of
a k-clock signal issued from the k-clock generator 80 pro-
vided outside the light source 10. In order to split the light
emitted from the light source 10 and to direct part of the
light into the k-clock generator 80, a coupler 90 is pro-
vided. The k-clock generator 80 and the coupler 90 may
be built into the light source 10.
[0028] The process described above is a process for
obtaining information about a cross section at a certain
point of the object 100, and such a process for obtaining
information about a cross section in the depth direction
of the object 100 is called an A-scan. A scan for obtaining
information about a cross section of an object in a direc-
tion orthogonal to the direction of an A-scan, that is, a
scan for obtaining a 2D image, is called a B-scan. A scan
performed in a direction orthogonal to both the direction
of an A-scan and the direction of a B-scan is called a C-
scan. In a case of performing a 2D raster scan on the
fundus plane for obtaining a 3D tomographic image, a
high-speed scanning direction corresponds to a B-scan,
and a low-speed scanning direction that is orthogonal to
the direction of the B-scan corresponds to a C-scan. A
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2D tomographic image is obtained by performing an A-
scan and a B-scan, and a 3D tomographic image is ob-
tained by performing an A-scan, a B-scan, and a C-scan.
A B-scan and a C-scan are performed by using the X-
axis scanner 53 and the Y-axis scanner 54 described
above.
[0029] Note that the X-axis scanner 53 and the Y-axis
scanner 54 are constituted by polarization mirrors that
are arranged so that their rotation axes are orthogonal
to each other. The X-axis scanner 53 is responsible for
a scan in an X-axis direction, and the Y-axis scanner 54
is responsible for a scan in a Y-axis direction. The X-axis
direction and the Y-axis direction are directions perpen-
dicular to the eye axis direction of the eyeball and are
orthogonal to each other. The line scanning directions of
a B-scan and a C-scan need not match the X-axis direc-
tion and the Y-axis direction. Therefore, the line scanning
directions of a B-scan and a C-scan can be determined
as appropriate in accordance with a 2D tomographic im-
age or a 3D tomographic image that is to be captured.
[0030] By driving both the X-axis scanner 53 and the
Y-axis scanner 54 and changing the angles of the polar-
ization mirrors, various scans can be performed. For ex-
ample, raster scans as illustrated in Figs. 2A and 2B may
be performed, or a scan as illustrated in Fig. 2C may be
performed in which the scan line passes through one
point (the macula, for example) of the eyeball a plurality
of times. A spiral scan centered around one point (the
macula, for example) of the eyeball as illustrated in Fig.
2D may be performed.

Scan Angle

[0031] Regarding fundus examinations, it is desirable
to capture an image of the macula and the optic disc with
a single scan operation. A range (scan angle) over which
the illumination light of the OCT apparatus is scanned
and which is required in order to meet the desire is de-
scribed with reference to Fig. 3. Fig. 3 is a schematic
diagram of an eyeball while the eyeball is assumed to be
spherical. The macula is located on the side opposite to
the pupil center of the eyeball. The optic disc is located
a short distance away from the macula. The macula and
the optic disc are especially important regions in the fun-
dus.
[0032] Regarding the fundus of a normal adult, the dis-
tance D between and inclusive of the macula and the
optic disc is about 5.75 mm. The illumination light is emit-
ted so as to enter the pupil center of the eyeball and to
circle around and scan the fundus. In a case of capturing
an image of an area centered around the macula and
including the optic disc with a single scan operation, the
length L of a shortest curve that connects the macula and
the optic disc, namely, the image capture range, needs
to be about 14 mm by taking into consideration variations
among individuals. Here, the deflection angle of meas-
urement light that is emitted so as to enter the pupil center
and circle around the fundus is denoted by α, the deflec-

tion angle corresponding to the image capture range. The
diameter of the eyeball of an adult is about 24 mm on
average. Therefore, in order to set the image capture
range L to 14 mm or more, the deflection angle α needs
to be 33.4 degrees or more. When this angle is repre-
sented as the deflection angle β of the illumination light
in air which is incident on the pupil center while the av-
erage refractive index within the eyeball is assumed to
be 1.38, the deflection angle β is about 47 degrees (arc-
sin(1.38 3 sin(33.4 degrees/2)) 3 2 nearly equals 47
degrees). That is, in order to capture an image of the
macula and the optic disc at once while the image is
centered around the macula, in a case of lineally scan-
ning the fundus with illumination light, it is sufficient that
the angle range for scanning the fundus is 47 degrees
or more in terms of the angle in air. Hereinafter, the angle
range for scanning the fundus in the case of linearly scan-
ning the fundus with illumination light in terms of the angle
in air is assumed to be the angle of view. That is, the
deflection angle β is defined as the angle of view.
[0033] Now, a problem that may arise when a scan is
performed over the above-described deflection angle β
is described with reference to Fig. 4. Fig. 4 is a schematic
diagram of an eyeball while the eyeball is assumed to be
spherical as in Fig. 3. The dashed line in Fig. 4 represents
a scanning trajectory. As illustrated in Fig. 4, the physical
distance from the pupil center to the outer layer of the
eyeball, namely, the fundus, is equal to a + b at the macula
and is equal to a at a position located away from the
macula (that is, a position corresponding to the angle
θ/2). The distances a and b are expressed by the follow-
ing expressions by using the length T that is the eye axis
length and the deflection angle θ within the eyeball: 

[0034] As described above, the distance from the pupil
center to the macula is different from the distance from
the pupil center to the position away from the macula by
b. The value of b increases as the angle θ becomes larg-
er. As a result, with an OCT apparatus for fundus exam-
inations having a wider angle of view, the optical path
length from the pupil center to the macula is significantly
different from the optical path length from the pupil center
to a peripheral position that is away from the macula. The
eye axis lengths T of adults significantly vary among in-
dividuals, and the range of the eye axis length T into
which the eye axis lengths of 95% of adults fall is between
and inclusive of 21 mm and 28 mm. Here, if the maximum
value of the range, namely, 28 mm, is used as the value
of the eye axis length T, and the deflection angle θ within
the eyeball is assumed to be 33.4 degrees, the value of
b is about 1.2 mm from expressions 1 and 2.
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[0035] Fundus tissues observed by using an OCT ap-
paratus for fundus examinations are the retina in the prox-
imity of the surface of the fundus and the choroid lying
behind the retina. The retina has a maximum thickness
of about 0.50 mm, and the choroid has a maximum thick-
ness of about 0.30 mm. Therefore, an OCT apparatus
for fundus examinations needs to be capable of capturing
images of a portion at the depth of at least 0.80 mm. That
is, the surface of the fundus and the choroid has a dis-
tance difference of 0.8 mm therebetween.
[0036] Therefore, in order to capture an image of the
macula and the optic disc with a single scan operation
and to obtain information about the vicinity of the surface
of the optic disc and about the choroid lying behind the
macula, a distance difference of about 4.0 mm (2 3 (b +
0.80) nearly equals 4.0) is required. This distance differ-
ence corresponds to about 5.5 mm (4.0 mm 3 1.38 nearly
equals 5.5 mm) in terms of the optical path length differ-
ence in air. That is, even if the angle of view is assumed
to be 47 degrees or more, in order to implement an OCT
apparatus with which tomographic information can be
obtained, an optical path length difference of 5.5 mm in
air is required.
[0037] In an OCT apparatus based on a Fourier do-
main scheme, such as an SS-OCT apparatus, a Fourier
transform process is performed on obtained interference
signal data in the wavenumber space, and distance in-
formation is output. In a case of an SS-OCT apparatus,
data is obtained in the time domain by using an A/D con-
verter. Here, if the optical frequency of light emitted from
a tunable light source linearly changes relative to time
with accuracy, data at equal frequency intervals, that is,
data at equal wavenumber intervals, can be obtained by
performing sampling at equal time intervals. However,
as schematically illustrated in Fig. 5A, wavelength
sweeping is performed on the optical frequency of the
tunable light source by changing the resonator length
using a driving mechanism generally, and therefore, the
optical frequency of the tunable light source is non-linear
relative to time. As a result, even if a Fourier transform
process is performed on the basis of sampling at equal
time intervals, obtained data is not data at equal wave-
number intervals, and distance information is not ob-
tained. Accordingly, in an SS-OCT apparatus, data is
generally obtained by using a k-clock, which is a sampling
clock generated at equal wavenumber intervals.

Clock Generator

[0038] Now, the k-clock generator 80 is described with
reference to Fig. 6. The reference numerals in Fig. 6 cor-
respond to those in Fig. 1. Light emitted from the light
source 10 is split at the coupler 90 having a split ratio of
95 to 5, for example, and part of the light enters the k-
clock generator 80 as split light. The split light is further
split at a coupler 81 and is directed to two optical paths,
which are formed as a first optical path and a second
optical path. The first optical path and the second optical

path are provided so as to have an optical path length
difference 82 therebetween, and the light beams passing
through the two optical paths interfere with each other at
a coupler 83. In doing so, a k-clock interferometer is con-
figured. The k-clock generator 80 further includes a cor-
rection circuit 84 that receives the resulting interference
signal from the k-clock interferometer, converts the re-
ceived interference signal into an electrical signal, and
performs amplitude correction. The optical path length
difference 82 for a k-clock corresponds to a clock fre-
quency fs described below.
[0039] In the second optical path having the optical
path length difference relative to the first optical path, a
substance (a gas or the like) with which the refractive
index can be changed may be provided, for example. In
a case where a configuration is employed in which light
is emitted from a fiber to air and thereafter enters another
fiber, the optical distance between the fibers may be
changed to thereby provide the optical path length differ-
ence. In the above-described configuration in which light
is once emitted outside a fiber, the optical path length
difference may be changed by using a plurality of folding
mirrors provided on a movable stage and moving the
folding mirrors in the optical axis direction. A mechanism
for implementing the techniques described above is
called a change unit. Here, a controller controlling the
change unit, which changes the optical path length dif-
ference in accordance with the scan angle, may be pro-
vided. For example, when the scan angle is made larger,
unnecessary image capture operations in the depth
range can be reduced by making the optical path length
difference larger, resulting in a reduced image capture
time. Here, the scan unit may be configured so that the
scan angle is changeable within a range between a first
angle, which is equal to or larger than 47 degrees, and
a second angle, which is smaller than 47 degrees. The
clock generator may be configured so that the optical
path length difference is changeable within a range be-
tween a first optical path length difference, which is equal
to or larger than 22 mm, and a second optical path length
difference, which is smaller than 22 mm.
[0040] The imaging apparatus according to the present
embodiment may further include a selection unit that se-
lects an image capture mode from among a plurality of
image capture modes corresponding to different scan
angles. Here, the controller may control the scan unit and
the change unit so as to change the scan angle and the
optical path length difference in accordance with the se-
lected image capture mode. For example, the scan angle
used in an image capture mode in which an image that
includes both the macula and the optic disc is captured
as a tomographic image is larger than that used in an
image capture mode in which an image that includes one
of the macula and the optic disc is captured as a tomo-
graphic image, and therefore, the optical path length dif-
ference for the former image capture mode may be made
larger. The selection unit may be configured to be able
to select the distance of a tomographic image in the depth

11 12 



EP 3 288 440 B1

8

5

10

15

20

25

30

35

40

45

50

55

range. Here, the selection unit may be configured to be
able to select the distance within a range between a first
distance, which is equal to or larger than 4.0 mm within
the eyeball, and a second distance, which is smaller than
4.0 mm within the eyeball. Here, if the distance becomes
smaller, the optical path length difference may be
changed so as to become smaller. The selection unit may
be configured to be able to select an image capture mode
from among a plurality of image capture modes including
an image capture mode in which an image is captured
so as to include the vitreous body, the retina, and the
choroid of the eye. If the image capture mode in which
an image is captured so as to include the vitreous body,
the retina, and the choroid of the eye is selected, a tom-
ographic image of the fundus at a distance equal to or
larger than 4.0 mm within the eyeball in the depth range
may be obtained. This is because, in order to capture a
tomographic image so as to include the vitreous body,
the retina, and the choroid of the eye without omission,
the distance of 4.0 mm or more within the eyeball in the
depth range is required. Even if the clock generator is
configured so that the number of times sampling is per-
formed or the clock frequency is changed with simulation
as described below instead of the optical path length dif-
ference being changed, similar effects can be attained.
For example, the clock generator may be configured so
that the number of times sampling is performed or the
clock frequency is decreased when the distance of a to-
mographic image in the depth range becomes smaller.

Optical Path Length Difference of Interferometer of 
Clock Generator

[0041] A k-clock interference signal takes the form of
a sign wave as the optical frequency changes over time.
The optical frequency non-lineally changes over time,
and therefore, the cycle of the sign wave changes over
time. However, the sign wave appears at equal intervals
in terms of the frequency domain. That is, the zero-cross-
ing point or the peak point of the k-clock interference
signal appears at equal wavenumber intervals. There-
fore, if sampling is performed by using the zero-crossing
point or the peak point as a clock position as illustrated
in Fig. 5B, an OCT interference signal in the wavenumber
space can be obtained. The amplitude of the obtained k-
clock interference signal is corrected by using an ampli-
fier or the like so as to obtain an amplitude and a voltage
adaptable to an A/D converter, thereby generating a k-
clock. A k-clock is a sampling clock, and therefore, a k-
clock needs to be based on the sampling theorem. For
example, in a case where the frequency of the OCT in-
terference signal is equal to or smaller than half the clock
frequency fs as illustrated in Fig. 7A, the original signal
can be reproduced. In a case where the frequency of the
OCT interference signal is equal to or larger than half the
clock frequency fs as illustrated in Fig. 7B, a false signal
is obtained. Therefore, the sampling theorem specifies
that the clock frequency fs needs to be equal to or larger

than twice the frequency of the OCT interference signal.
[0042] An interference phenomenon occurs when the
optical path length difference between two optical paths
is equal to n times the wavelength λ, namely equal to nλ,
where n is an integer. Therefore, the spacing between
interference fringes becomes narrow in proportion to the
optical path length difference, and the frequency of the
signal increases. That is, in order to set the clock fre-
quency fs to a value equal to or larger than twice the
frequency of the OCT interference signal, the optical path
length difference 82 needs to be set to a value equal to
or larger than twice the upper limit of the distance in the
depth direction. Specifically, by taking into consideration
the sampling theorem, the optical path length difference
82 for a k-clock needs to be set to a value equal to or
larger than twice the depth range of a required tomo-
graphic image. As described above, in the case where
the depth range of a tomographic image is to be set to
5.5 mm or more in air (4.0 mm or more within the eyeball),
the optical path length difference 82 for a k-clock needs
to be set to 11 mm or more in air.
[0043] The sample optical path of an OCT interferom-
eter is usually configured as a double path that is consti-
tuted by an optical path through which illumination light
is incident on the fundus and an optical path through
which reflection light returns from the fundus. On the oth-
er hand, the optical path of a general k-clock interferom-
eter is configured as a single path in which light is split,
the split light beams pass through optical paths having
an optical path length difference therebetween, and
thereafter the split light beams are combined without be-
ing reflected. Therefore, in a case where the k-clock inter-
ferometer is configured by using a single path, the optical
path length difference 82 for a k-clock needs to be further
increased to a value twice the above-described value of
11 mm or more, namely, 22 mm or more in air. That is,
in the case where the k-clock interferometer is configured
by using a single path, the optical path length difference
82 for a k-clock needs to be set to a value equal to or
larger than four times the depth range of a required to-
mographic image. In doing so, the depth range of a to-
mographic image can be set to 4.0 mm or more within
the eyeball. The k-clock interferometer can be configured
as a double-path interferometer as illustrated in Fig. 8.
Reference numerals in Fig. 8 correspond to those in Fig.
1 and Fig. 6. As described above, in a case where the k-
clock interferometer is configured by using a double path,
the optical path length difference 82 for a k-clock needs
to be set to a value equal to or larger than twice the depth
range of a required tomographic image by taking into
consideration the sampling theorem.
[0044] Regarding the optical path length difference of
the k-clock interferometer, generally, measurement of a
portion from the choroid to the boundary of the sclera is
performed over a scan angle for scanning the fundus of
about 40 degrees in terms of the angle in air, and there-
fore, the depth range (the distance in the depth direction
of a tomographic image) of about 2.6 mm within the eye-
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ball is required, which corresponds to the depth range of
about 3.6 mm in terms of the length in air. Accordingly,
the optical path length difference of a single-path k-clock
interferometer is 14.4 mm (3.6 mm 3 4 = 14.4 mm) in
terms of the length in air, and therefore, is set to about
15 mm when designed. However, in the case where the
optical path length difference of a k-clock interferometer
is about 15 mm in terms of the length in air, a wider angle
of view may cause a problem, that is, the image may be
folded in the peripheral portion of the fundus. That is, in
order to obtain tomographic information over an angle of
view of 47 degrees or more while the depth range is set
to 5.5 mm or more in air, the optical path length difference
of the k-clock interferometer needs to be set to 22 mm
or more. In the example in Fig. 6, the k-clock generator
80 is provided outside the light source 10; however, the
k-clock generator 80 may be included in the light source
10. By including the k-clock generator 80 in the light
source 10, the configuration of the imaging apparatus
can be simplified. In order to attain the optical path length
difference for a k-clock of 22 mm, the coherent length is
preferably 14 mm or more. As described above, by setting
the optical path length difference of the interferometer in
the clock generator to 22 mm or more, it is possible to
comprehensively obtain a tomographic image of the fun-
dus in a desired depth range with a single scan operation
over a wide area of the fundus.
[0045] Here, if the depth range (measurement dis-
tance) of a tomographic image is denoted by Δz, the cent-
er wavelength is denoted by λc, and the swept wave-
length width is denoted by Δλ, then, the number of sam-
ples N, which is the number of times sampling is per-
formed in a single sampling operation over the entire
depth range of the tomographic image, is calculated by
using an expression, (4 3 Δz 3 Δλ/λc2. If the wavelength
sweeping frequency is denoted by fA, and the duty ratio
(a period in which effective light emission is performed
as OCT during a single sweeping operation) is denoted
by d, then, the clock frequency fs is calculated by using
an expression, (N 3 fA)/d. In the light source according
to the present embodiment, it is assumed that λc is equal
to 1040 nm, Δλ is equal to 110 nm, fA is equal to 100
kHz, and d is equal to 0.446. Then, in a case where the
depth range of a tomographic image is 5.5 mm in air (4.0
mm within the eyeball) according to the present embod-
iment, the number of samples N is equal to 2237 ((4 3
5.5 3 1063 110)/10402 = 2237). In this case, the clock
frequency fs is equal to 501.57 MHz ((2237 3 100 3
103)/0.446 = 501.57). In a case where the depth range
of a tomographic image is 3.6 mm in air (2.6 mm within
the eyeball) according to the related art, the number of
samples N is equal to 1464 ((4 3 3.6 3 1063 110)/10402

= 1464). In this case, the clock frequency fs is equal to
328.25 MHz ((1464 3 100 3 103)/0.446 = 328.25). Con-
sequently, in order to comprehensively obtain a tomo-
graphic image of the fundus in a desired depth range with
a single scan operation over a wide area of the fundus,
the clock generator may be configured so that the number

of times sampling is performed in a single sampling op-
eration over the entire depth range of the tomographic
image is about 2200 times or more. Further, in order to
comprehensively obtain a tomographic image of the fun-
dus in a desired depth range with a single scan operation
over a wide area of the fundus, the clock generator may
be configured so that the clock frequency is about 500
MHz or more.
[0046] In the above description, it is assumed that the
k-clock interferometer frequency fk, which corresponds
to the optical path length difference of the k-clock inter-
ferometer, is equal to the clock frequency fs. Now, a case
is considered where the clock frequency fs is n times (n
is an integer equal to or larger than 1) the k-clock inter-
ferometer frequency fk, that is, the k-clock interferometer
frequency fk multiplied by n equals the clock frequency
fs (fk 3 n = fs). Note that, in a case where n is an integer
equal to or larger than 2, fs = fk 3 n is satisfied by using
a method of electrically increasing the frequency. In the
case where the depth range of a tomographic image is
5.5 mm or more in air (4.0 mm or more within the eyeball),
the clock generator is configured so that the optical path
length difference of the k-clock interferometer is 22/n mm
or more in air. Here, the clock generator may be config-
ured by using a single path. In a case where the clock
generator is configured by using a double path, the clock
generator is configured so that the optical path length
difference of the k-clock interferometer is 11/n mm or
more. Here, the number of samples N is equal to 2237
and the clock frequency fs is equal to 501.57 MHz as
calculated above regardless of the value of n.
[0047] In a case where the depth range of a tomograph-
ic image is 6.9 mm or more in air (5.0 mm or more within
the eyeball), the optical path length difference of the k-
clock interferometer is preferably 27.6/n mm or more in
air in the case where the clock generator is configured
by using a single path. In the case where the clock gen-
erator is configured by using a double path, the optical
path length difference of the k-clock interferometer is
preferably 13.8/n mm or more. Here, the number of sam-
ples N is equal to 2807 ((4 3 6.9 3 106 3 110)/10402 =
2807). Therefore, the clock generator may be configured
so that the number of times sampling is performed in a
single sampling operation over the depth range of the
tomographic image is 2800 or more. The clock frequency
fs is equal to 629.37 MHz ((2807 3 100 3 103)/0.446 =
629.37). Therefore, the clock generator may be config-
ured so that the clock frequency fs is 620 MHz or more.
[0048] In a case where the depth range of a tomograph-
ic image is 8.0 mm or more in air (5.8 mm or more within
the eyeball), the optical path length difference of the k-
clock interferometer is preferably 32/n mm or more in air
in the case where the clock generator is configured by
using a single path. In the case where the clock generator
is configured by using a double path, the optical path
length difference of the k-clock interferometer is prefer-
ably 16/n mm or more. Here, the number of samples N
is equal to 3254 ((4 3 8.0 3 106 3 110)/10402 = 3254).
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Therefore, the clock generator may be configured so that
the number of times sampling is performed in a single
sampling operation over the depth range of the tomo-
graphic image is 3200 or more. The clock frequency fs
is equal to 729.60 MHz ((3254 3 100 3 103)/0.446 =
729.60). Therefore, the clock generator may be config-
ured so that the clock frequency fs is 720 MHz or more.
The relationships among the depth ranges of a tomo-
graphic image (within the eyeball and in air), the number
of samples N, the clock frequency fs, and the optical path
length difference of the k-clock interferometer are shown
by a table in Fig. 9.
[0049] The clock generator may be configured so that
the frequency of the interferometer is converted into an
integer multiple of the frequency of the interferometer,
the integer multiple being equal to or larger than 2, the
converted frequency being used as the clock frequency.
As described below, a method of electrically increasing
the frequency is available. For example, as described in
NPL 1, the frequency can be increased by using a method
of providing a frequency doubler in a stage before a signal
is input to a data acquisition (DAQ) card. By using two
DAQ cards, in a front stage of a functional block that
functions as a converter for sampling an analog signal
generated from detected OCT interference light, the fre-
quency of the k-clock interferometer can be converted
into a frequency twice thereof.
[0050] The tomographic image obtaining unit may be
configured to obtain tomographic data of the fundus at
the distance equal to or larger than 4.0 mm within the
eyeball in the depth range and to generate a new tomo-
graphic image by removing, from the obtained tomo-
graphic image, part of the obtained tomographic image
corresponding to part of the depth range. For example,
the tomographic image obtaining unit obtains tomo-
graphic data for a depth range of 8.0 mm in air (5.8 mm
within the eyeball) and generates, from the obtained data,
a tomographic image that corresponds to a depth range
of 6.9 mm in air (5.0 mm within the eyeball) by removing
an upper portion and a lower portion in the depth range,
which include noise. More specifically, the tomographic
image obtaining unit first generates 4096 pieces of data
in a single A-scan by performing fast Fourier transform
(FFT) on the OCT interference signal. The number of
pieces of data is 4096 because the n-th power of 2 that
is close to 3254, which is the number of samples N de-
scribed above, is the twelfth power of 2. The 4096 pieces
of data include a real image and a virtual image with the
coherence gate as a boundary therebetween. Therefore,
half of the pieces of data, namely, 2048 pieces of data
are pieces of data in the vertical direction. The number
of pieces of data in the horizontal direction is 1024, which
is the number of A-scan lines. Here, it is assumed that
the center wavelength λc is equal to 1040 nm and the
swept wavelength width Δλ is equal to 110 nm as de-
scribed above. Then, the vertical resolution, which is the
optical resolution in the depth direction, is about 8 mm.
In order to reproduce the vertical resolution of 8 mm, a

pixel resolution that is equal to or smaller than half the
vertical resolution is required. Here, a case of assigning
4 mm per pixel is considered. In this case, the depth range
is 5.8 mm within the eyeball, and therefore, the number
of pixels in the vertical direction is equal to 1450 (5800
4 4 = 1450). In a case of generating a tomographic image
that corresponds to the depth range of 5.0 mm within the
eyeball, 200 pixels are removed (1450 - 5000 4 4 = 200),
for example. An area on the lower frequency side is an
area that indicates a DC component present in the vicinity
of the coherence gate of the tomographic image, and
therefore, 15 pixels in an upper portion of the tomographic
image are removed, for example. Regarding the remain-
ing 185 pixels (200 - 15 = 185), the 185 pixels, which are
present in a lower portion of the tomographic image, are
removed. By using 1250 pixels obtained by removing the
200 pixels as described above, the tomographic image
that corresponds to the depth range of 5.0 mm within the
eyeball can be generated. A noise component, such as
a DC component, has been removed from the generated
tomographic image, and therefore, the image quality of
the generated tomographic image is better than the to-
mographic image that corresponds to the depth range of
5.0 mm within the eyeball obtained with the number of
samples N equal to 2807 described above.
[0051] Note that the present invention is not limited to
a single scan operation over a wide area of the fundus.
That is, the present invention is not limited to the case
where the scan unit is configured to scan the illumination
light across the fundus over the scan angle that is equal
to or larger than 47 degrees in terms of the angle in air.
Regardless of the scan angle, in a case where a tomo-
graphic image of the fundus at the distance equal to or
larger than 4.0 mm within the eyeball in the depth range
is to be obtained, the clock generator needs to be con-
figured so that the optical path length difference corre-
sponds to the distance of 4.0 mm or more within the eye-
ball. Here, if the second optical path is configured by us-
ing a single path, the clock generator may be configured
so that the optical path length difference is 22 mm or
more in air. If the second optical path is configured by
using a double path, the clock generator may be config-
ured so that the optical path length difference is 11 mm
or more in air. Even if the clock generator is configured
so that the number of times sampling is performed or the
clock frequency is changed with simulation instead of the
optical path length being set to the length described
above, similar effects can be attained.

Other Embodiments

[0052] Embodiments of the present invention can also
be realized by a computer of a system or apparatus that
reads out and executes computer executable instruc-
tions recorded on a storage medium (e.g., non-transitory
computer-readable storage medium) to perform the func-
tions of one or more of the above-described embodi-
ment(s) of the present invention, and by a method per-

17 18 



EP 3 288 440 B1

11

5

10

15

20

25

30

35

40

45

50

55

formed by the computer of the system or apparatus by,
for example, reading out and executing the computer ex-
ecutable instructions from the storage medium to perform
the functions of one or more of the above-described em-
bodiment(s). The computer may comprise one or more
of a central processing unit (CPU), micro processing unit
(MPU), or other circuitry, and may include a network of
separate computers or separate computer processors.
The computer executable instructions may be provided
to the computer, for example, from a network or the stor-
age medium. The storage medium may include, for ex-
ample, one or more of a hard disk, a random-access
memory (RAM), a read only memory (ROM), a storage
of distributed computing systems, an optical disk (such
as a compact disc (CD), digital versatile disc (DVD), or
Blu-ray Disc (BD)™), a flash memory device, a memory
card, and the like.
[0053] 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.
[0054] This application claims the benefit of Japanese
Patent Application No. 2015-094340, filed May 1, 2015
and Japanese Patent Application No. 2015-175019, filed
September 4, 2015.

Claims

1. An imaging apparatus comprising:

a light source (10) configured to emit light while
sweeping a wavelength of the light;
an interference unit (20) configured to split the
light emitted from the light source (10) into illu-
mination light that is incident on a fundus and
reference light and to generate interference light
obtained by reflection light reflected from the
fundus on which the illumination light is incident
interfering with the reference light;
a scan unit (53, 54) configured to scan the illu-
mination light across the fundus;
a detector (30, 31) configured to detect the in-
terference light generated by the interference
unit (20);
a converter (32) configured to convert an analog
signal generated from the interference light de-
tected by the detector (30, 31) into a digital sig-
nal;
a clock generator (80) configured as an interfer-
ometer including an optical path through which
part of the light emitted from the light source (10)
passes, the optical path being split into a first
optical path and a second optical path having
an optical path length difference relative to the

first optical path, to generate a clock used by the
converter (32) sampling the analog signal; and
a tomographic image obtaining unit (40) config-
ured to obtain a tomographic image of the fun-
dus by using the digital signal converted from
the analog signal sampled by the converter (32)
in accordance with the generated clock,
characterised in that
the scan unit (53, 54) is configured to scan the
illumination light across the fundus over a scan
angle equal to or larger than 47 degrees in air,
the tomographic image obtaining unit (40) is
configured to obtain a tomographic image of the
fundus at a distance equal to or larger than 4.0
mm within an eyeball in a depth range, and
the clock generator (80) is configured so that the
optical path length difference is equal to or larger
than 22/n mm in air in a case where the gener-
ated clock has a frequency n times a frequency
of the interferometer corresponding to the opti-
cal path length difference, n being an integer
equal to or larger than 1.

2. The imaging apparatus according to Claim 1, where-
in
the second optical path in the clock generator (80)
is configured by using a single path.

3. The imaging apparatus according to Claim 2, where-
in

the tomographic image obtaining unit (40) is
configured to obtain a tomographic image of the
fundus at a distance equal to or larger than 5.0
mm within the eyeball (100) in the depth range,
and
the clock generator (80) is configured so that the
optical path length difference is equal to or larger
than 27.6/n mm in air.

4. The imaging apparatus according to Claim 3, where-
in

the tomographic image obtaining unit (40) is
configured to obtain a tomographic image of the
fundus at a distance equal to or larger than 5.8
mm within the eyeball (100) in the depth range,
and
the clock generator (80) is configured so that the
optical path length difference is equal to or larger
than 32/n mm in air.

5. An imaging apparatus comprising:

a light source (10) configured to emit light while
sweeping a wavelength of the light;
an interference unit (20) configured to split the
light emitted from the light source (10) into illu-
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mination light that is incident on a fundus and
reference light and to generate interference light
obtained by reflection light reflected from the
fundus on which the illumination light is incident
interfering with the reference light;
a scan unit (53, 54) configured to scan the illu-
mination light across the fundus;
a detector (30, 31) configured to detect the in-
terference light generated by the interference
unit (20);
a converter (32) configured to convert an analog
signal generated from the interference light de-
tected by the detector (30, 31) into a digital sig-
nal;
a clock generator (80) configured as an interfer-
ometer including an optical path through which
part of the light emitted from the light source (10)
passes, the optical path being split into a first
optical path and a second optical path having
an optical path length difference relative to the
first optical path, to generate a clock used by the
converter (32) sampling the analog signal; and
a tomographic image obtaining unit (40) config-
ured to obtain a tomographic image of the fun-
dus by using the digital signal converted from
the analog signal sampled by the converter (32)
in accordance with the generated clock,
characterised in that
the scan unit (53, 54) is configured to scan the
illumination light across the fundus over a scan
angle equal to or larger than 47 degrees in air,
the tomographic image obtaining unit (40) is
configured to obtain a tomographic image of the
fundus at a distance equal to or larger than 4.0
mm within an eyeball in a depth range,
the second optical path in the clock generator
(80) is configured by using a double path, and
the clock generator (80) is configured so that the
optical path length difference is equal to or larger
than 11/n mm in air in a case where the gener-
ated clock has a frequency n times a frequency
of the interferometer corresponding to the opti-
cal path length difference, n being an integer
equal to or larger than 1.

6. The imaging apparatus according to Claim 5, where-
in

the tomographic image obtaining unit (40) is
configured to obtain a tomographic image of the
fundus at a distance equal to or larger than 5.0
mm within the eyeball in the depth range, and
the clock generator (80) is configured so that the
optical path length difference is equal to or larger
than 13.8/n mm in air.

7. The imaging apparatus according to Claim 6, where-
in

the tomographic image obtaining unit (40) is
configured to obtain a tomographic image of the
fundus at a distance equal to or larger than 5.8
mm within the eyeball in the depth range, and
the clock generator (80) is configured so that the
optical path length difference is equal to or larger
than 16/n mm in air.

8. The imaging apparatus according to Claim 1 or claim
5, wherein
the clock generator (80) is configured so that the
clock has a frequency equal to or larger than 500
MHz.

9. The imaging apparatus according to Claim 8, where-
in

the tomographic image obtaining unit (40) is
configured to obtain a tomographic image of the
fundus at a distance equal to or larger than 5.0
mm within the eyeball (100) in the depth range,
and
the clock generator (80) is configured so that the
clock has a frequency equal to or larger than
620 MHz.

10. The imaging apparatus according to Claim 9, where-
in

the tomographic image obtaining unit (40) is
configured to obtain a tomographic image of the
fundus at a distance equal to or larger than 5.8
mm within the eyeball in the depth range, and
the clock generator (80) is configured so that the
clock has a frequency equal to or larger than
720 MHz.

11. The imaging apparatus according to any one of
Claims 1 to 10, wherein
the clock generator (80) is configured so that the
frequency of the interferometer is converted into an
integer multiple of the frequency of the interferom-
eter, the integer multiple being equal to or larger than
2, the converted frequency being used as the fre-
quency of the generated clock.

12. The imaging apparatus according to any one of
Claims 1 to 11, wherein the scan unit (53, 54) is con-
figured to scan the illumination light across the fun-
dus over a range of 14 mm or larger.

13. The imaging apparatus according to any one of
Claims 1 to 12, further comprising:

a change unit provided on the second optical
path to change the optical path length difference;
a selection unit configured to select a distance
of the tomographic image in the depth range;
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and
a controller configured to control the change unit
in accordance with the selected distance.

14. The imaging apparatus according to any one of
Claims 1 to 12, further comprising:

a change unit provided on the second optical
path to change the optical path length difference;
a selection unit configured to select an image
capture mode from among a plurality of image
capture modes including an image capture
mode in which an image is captured so as to
include a vitreous body, a retina, and a choroid;
and
a controller configured to control the change unit
in accordance with the selected image capture
mode.

15. The imaging apparatus according to Claim 13 or 14,
wherein

the selection unit is configured to be able to se-
lect the distance within a range from a first dis-
tance to a second distance, the first distance
being equal to or larger than 4.0 mm within the
eyeball (100), the second distance being smaller
than 4.0 mm within the eyeball (100), and
the clock generator (80) is configured so that the
optical path length difference is changeable
within a range from a first optical path length
difference to a second optical path length differ-
ence, the first optical path length difference be-
ing equal to or larger than a length correspond-
ing to the distance equal to or larger than 4.0
mm within the eyeball (100), the second optical
path length difference being smaller than the
length corresponding to the distance equal to or
larger than 4.0 mm within the eyeball (100).

Patentansprüche

1. Bildgebungsvorrichtung umfassend:

eine Lichtquelle (10), die konfiguriert ist, Licht
zu emittieren, während sie eine Wellenlänge
des Lichts durchstimmt;
eine Interferenzeinheit (20), die konfiguriert ist,
das aus der Lichtquelle (10) emittierte Licht in
Beleuchtungslicht, das auf einen Fundus ein-
fällt, und in Referenzlicht zu teilen, und Interfe-
renzlicht zu generieren, das dadurch erhalten
wird, dass Reflexionslicht, das vom Fundus, auf
den das Beleuchtungslicht einfällt, reflektiert
wurde, mit dem Referenzlicht interferiert;
eine Scaneinheit (53, 54), die konfiguriert ist, mit
dem Beleuchtungslicht über den Fundus zu

scannen;
einen Detektor (30, 31), der konfiguriert ist, das
durch die Interferenzeinheit (20) generierte In-
terferenzlicht zu detektieren;
einen Wandler (32), der konfiguriert ist, ein ana-
loges Signal, das aus dem durch den Detektor
(30, 31) detektierten Interferenzlicht generiert
wurde, in ein digitales Signal umzuwandeln;
einen Taktgenerator (80), der als ein Interfero-
meter konfiguriert ist, das einen optischen Weg,
den ein Teil des aus der Lichtquelle (10) emit-
tierten Lichts durchläuft, beinhaltet, wobei der
optische Weg in einen ersten optischen Weg
und einen zweiten optischen Weg, der eine op-
tische Weglängendifferenz relativ zum ersten
optischen Weg aufweist, geteilt wird, um einen
Takt zu generieren, der durch den das analoge
Signal abtastenden Wandler (32) verwendet
wird; sowie
eine Tomografiebilderhaltungseinheit (40), die
konfiguriert ist, ein Tomografiebild des Fundus
unter Verwendung des digitalen Signals zu er-
halten, das aus dem analogen Signal, das durch
den Wandler (32) gemäß dem generierten Takt
abgetastet wurde, umgewandelt wurde,
dadurch gekennzeichnet, dass:

die Scaneinheit (53, 54) konfiguriert ist, mit
dem Beleuchtungslicht über den Fundus
über einen Scanwinkel größer als oder
gleich 47 Grad in Luft zu scannen,
die Tomografiebilderhaltungseinheit (40)
konfiguriert ist, ein Tomografiebild des Fun-
dus an einem Abstand größer als oder
gleich 4,0 mm innerhalb eines Augapfels in
einem Tiefenbereich zu erhalten, und
der Taktgenerator (80) so konfiguriert ist,
dass die optische Weglängendifferenz grö-
ßer als oder gleich 22/n mm in Luft ist, falls
der generierte Takt eine Frequenz aufweist,
die n-Mal einer der optischen Weglängen-
differenz entsprechenden Frequenz des In-
terferometers ist, wobei n eine ganze Zahl
größer als oder gleich 1 ist.

2. Bildgebungsvorrichtung nach Anspruch 1,
wobei der zweite optische Weg im Taktgenerator
(80) unter Verwendung eines einzelnen Wegs kon-
figuriert ist.

3. Bildgebungsvorrichtung nach Anspruch 2,

wobei die Tomografiebilderhaltungseinheit (40)
konfiguriert ist, ein Tomografiebild des Fundus
an einem Abstand größer als oder gleich 5,0 mm
innerhalb des Augapfels (100) im Tiefenbereich
zu erhalten, und
der Taktgenerator (80) so konfiguriert ist, dass
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die optische Weglängendifferenz größer als
oder gleich 27,6/n mm in Luft ist.

4. Bildgebungsvorrichtung nach Anspruch 3,

wobei die Tomografiebilderhaltungseinheit (40)
konfiguriert ist, ein Tomografiebild des Fundus
an einem Abstand größer als oder gleich 5,8 mm
innerhalb des Augapfels (100) im Tiefenbereich
zu erhalten, und
der Taktgenerator (80) so konfiguriert ist, dass
die optische Weglängendifferenz größer als
oder gleich 32/n mm in Luft ist.

5. Bildgebungsvorrichtung umfassend:

eine Lichtquelle (10), die konfiguriert ist, Licht
zu emittieren, während sie eine Wellenlänge
des Lichts durchstimmt;
eine Interferenzeinheit (20), die konfiguriert ist,
das aus der Lichtquelle (10) emittierte Licht in
Beleuchtungslicht, das auf einen Fundus ein-
fällt, und in Referenzlicht zu teilen, und Interfe-
renzlicht zu generieren, das dadurch erhalten
wird, dass Reflexionslicht, das vom Fundus, auf
den das Beleuchtungslicht einfällt, reflektiert
wurde, mit dem Referenzlicht interferiert;
eine Scaneinheit (53, 54), die konfiguriert ist, mit
dem Beleuchtungslicht über den Fundus zu
scannen;
einen Detektor (30, 31), der konfiguriert ist, das
durch die Interferenzeinheit (20) generierte In-
terferenzlicht zu detektieren;
einen Wandler (32), der konfiguriert ist, ein ana-
loges Signal, das aus dem durch den Detektor
(30, 31) detektierten Interferenzlicht generiert
wurde, in ein digitales Signal umzuwandeln;
einen Taktgenerator (80), der als ein Interfero-
meter konfiguriert ist, das einen optischen Weg,
den ein Teil des aus der Lichtquelle (10) emit-
tierten Lichts durchläuft, beinhaltet, wobei der
optische Weg in einen ersten optischen Weg
und einen zweiten optischen Weg, der eine op-
tische Weglängendifferenz relativ zum ersten
optischen Weg aufweist, geteilt wird, um einen
Takt zu generieren, der durch den das analoge
Signal abtastenden Wandler (32) verwendet
wird; sowie
eine Tomografiebilderhaltungseinheit (40), die
konfiguriert ist, ein Tomografiebild des Fundus
unter Verwendung des digitalen Signals zu er-
halten, das aus dem analogen Signal, das durch
den Wandler (32) gemäß dem generierten Takt
abgetastet wurde, umgewandelt wurde,
dadurch gekennzeichnet, dass:

die Scaneinheit (53, 54) konfiguriert ist, mit
dem Beleuchtungslicht über den Fundus

über einen Scanwinkel größer als oder
gleich 47 Grad in Luft zu scannen,
die Tomografiebilderhaltungseinheit (40)
konfiguriert ist, ein Tomografiebild des Fun-
dus an einem Abstand größer als oder
gleich 4,0 mm innerhalb eines Augapfels in
einem Tiefenbereich zu erhalten,
der zweite optische Weg im Taktgenerator
(80) unter Verwendung eines doppelten
Wegs konfiguriert ist, und
der Taktgenerator (80) so konfiguriert ist,
dass die optische Weglängendifferenz grö-
ßer als oder gleich 11/n mm in Luft ist, falls
der generierte Takt eine Frequenz aufweist,
die n-Mal einer der optischen Weglängen-
differenz entsprechenden Frequenz des In-
terferometers ist, wobei n eine ganze Zahl
größer als oder gleich 1 ist.

6. Bildgebungsvorrichtung nach Anspruch 5,

wobei die Tomografiebilderhaltungseinheit (40)
konfiguriert ist, ein Tomografiebild des Fundus
an einem Abstand größer als oder gleich 5,0 mm
innerhalb des Augapfels im Tiefenbereich zu er-
halten, und
der Taktgenerator (80) so konfiguriert ist, dass
die optische Weglängendifferenz größer als
oder gleich 13,8/n mm in Luft ist.

7. Bildgebungsvorrichtung nach Anspruch 6,

wobei die Tomografiebilderhaltungseinheit (40)
konfiguriert ist, ein Tomografiebild des Fundus
an einem Abstand größer als oder gleich 5,8 mm
innerhalb des Augapfels im Tiefenbereich zu er-
halten, und
der Taktgenerator (80) so konfiguriert ist, dass
die optische Weglängendifferenz größer als
oder gleich 16/n mm in Luft ist.

8. Bildgebungsvorrichtung nach Anspruch 1 oder An-
spruch 5,
wobei der Taktgenerator (80) so konfiguriert ist, dass
der Takt eine Frequenz größer als oder gleich 500
MHz aufweist.

9. Bildgebungsvorrichtung nach Anspruch 8,

wobei die Tomografiebilderhaltungseinheit (40)
konfiguriert ist, ein Tomografiebild des Fundus
an einem Abstand größer als oder gleich 5,0 mm
innerhalb des Augapfels (100) im Tiefenbereich
zu erhalten, und
der Taktgenerator (80) so konfiguriert ist, dass
der Takt eine Frequenz größer als oder gleich
620 MHz aufweist.
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10. Bildgebungsvorrichtung nach Anspruch 9,

wobei die Tomografiebilderhaltungseinheit (40)
konfiguriert ist, ein Tomografiebild des Fundus
an einem Abstand größer als oder gleich 5,8 mm
innerhalb des Augapfels im Tiefenbereich zu er-
halten, und
der Taktgenerator (80) so konfiguriert ist, dass
der Takt eine Frequenz größer als oder gleich
720 MHz aufweist.

11. Bildgebungsvorrichtung nach einem der Ansprüche
1 bis 10,
wobei der Taktgenerator (80) so konfiguriert ist, dass
die Frequenz des Interferometers in ein ganzzahli-
ges Vielfaches der Frequenz des Interferometers
umgewandelt wird, wobei das ganzzahlige Vielfache
größer als oder gleich 2 ist, und die umgewandelte
Frequenz als die Frequenz des generierten Takts
verwendet wird.

12. Bildgebungsvorrichtung nach einem der Ansprüche
1 bis 11,
wobei die Scaneinheit (53, 54) konfiguriert ist, mit
dem Beleuchtungslicht über den Fundus über einen
Bereich von 14 mm oder größer zu scannen.

13. Bildgebungsvorrichtung nach einem der Ansprüche
1 bis 12, weiterhin umfassend:

eine Änderungseinheit, die auf dem zweiten op-
tischen Weg bereitgestellt ist, um die optische
Weglängendifferenz zu ändern;
eine Auswahleinheit, die konfiguriert ist, einen
Abstand des Tomografiebilds im Tiefenbereich
auszuwählen; sowie
eine Steuerung, die konfiguriert ist, die Ände-
rungseinheit gemäß dem ausgewählten Ab-
stand zu steuern.

14. Bildgebungsvorrichtung nach einem der Ansprüche
1 bis 12, weiterhin umfassend:

eine Änderungseinheit, die auf dem zweiten op-
tischen Weg bereitgestellt ist, um die optische
Weglängendifferenz zu ändern;
eine Auswahleinheit, die konfiguriert ist, einen
Bildaufnahmemodus unter mehreren Bildauf-
nahmemodi auszuwählen, die einen Bildauf-
nahmemodus beinhalten, in dem ein Bild so auf-
genommen wird, dass es einen Glaskörper, eine
Netzhaut und eine Aderhaut beinhaltet; sowie
eine Steuerung, die konfiguriert ist, die Ände-
rungseinheit gemäß dem ausgewählten Bildauf-
nahmemodus zu steuern.

15. Bildgebungsvorrichtung nach Anspruch 13 oder 14,

wobei die Auswahleinheit konfiguriert ist, den
Abstand innerhalb eines Bereichs von einem
ersten Abstand zu einem zweiten Abstand aus-
wählen zu können, und der erste Abstand grö-
ßer als oder gleich 4,0 mm innerhalb des Aug-
apfels (100) ist, und der zweite Abstand kleiner
als 4,0 mm innerhalb des Augapfels (100) ist,
und
wobei der Taktgenerator (80) so konfiguriert ist,
dass die optische Weglängendifferenz inner-
halb eines Bereichs von einer ersten optischen
Weglängendifferenz zu einer zweiten optischen
Weglängendifferenz änderbar ist, und die erste
optische Weglängendifferenz größer als oder
gleich einer Länge ist, die dem Abstand größer
als oder gleich 4,0 mm innerhalb des Augapfels
(100) entspricht, und die zweite optische Weg-
längendifferenz kleiner als die Länge ist, die
dem Abstand größer als oder gleich 4,0 mm in-
nerhalb des Augapfels (100) entspricht.

Revendications

1. Appareil de formation d’image, comprenant :

une source de lumière (10) configurée pour
émettre de la lumière tout en balayant une lon-
gueur d’onde de la lumière ;
une unité d’interférence (20) configurée pour di-
viser la lumière émise à partir de la source de
lumière (10) en une lumière d’éclairement inci-
dente sur un fond d’oeil et en une lumière de
référence et pour générer une lumière d’interfé-
rence, obtenue par une réflexion de lumière ré-
fléchie à partir du fond d’oeil sur lequel est inci-
dente la lumière d’éclairement, interférant avec
la lumière de référence ;
une unité de balayage (53, 54) configurée pour
balayer la lumière d’éclairement de part et
d’autre du fond d’oeil ;
un détecteur (30, 31) configuré pour détecter la
lumière d’interférence générée par l’unité d’in-
terférence (20) ;
un convertisseur (32) configuré pour convertir
un signal analogique généré à partir de la lumiè-
re d’interférence détectée par le détecteur (30,
31) en un signal numérique ;
un générateur d’horloge (80) configuré en tant
qu’interféromètre comprenant un trajet optique
par lequel passe une partie de la lumière émise
à partir de la source de lumière (10), le trajet
optique étant divisé en un premier trajet optique
et en un second trajet optique ayant une diffé-
rence de longueur de trajet optique par rapport
au premier trajet optique, pour générer une hor-
loge utilisée par le convertisseur (32) échan-
tillonnant le signal analogique ; et
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une unité d’obtention d’image tomographique
(40) configurée pour obtenir une image tomo-
graphique du fond d’oeil au moyen du signal nu-
mérique converti à partir du signal analogique
échantillonné par le convertisseur (32) confor-
mément à l’horloge générée,
caractérisé en ce que
l’unité de balayage (53, 54) est configurée pour
balayer la lumière d’éclairement de part et
d’autre du fond d’oeil sur un angle de balayage
supérieur ou égal à 47 degrés dans l’air,
l’unité d’obtention d’image tomographique (40)
est configurée pour obtenir une image tomogra-
phie du fond d’oeil à une distance, dans une
plage de profondeur, supérieure ou égale à 4,0
mm à l’intérieur d’un globe oculaire, et
le générateur d’horloge (80) est configuré de
sorte que la différence de longueur de trajet op-
tique soit égale ou supérieure à 22/n mm dans
l’air dans un cas dans lequel l’horloge générée
a une fréquence égale à n fois une fréquence
de l’interféromètre correspondant à la différence
de longueur de trajet optique, n étant un nombre
entier supérieur ou égal à 1.

2. Appareil de formation d’image selon la revendication
1, dans lequel
le second trajet optique du générateur d’horloge (80)
est configuré au moyen d’un unique trajet.

3. Appareil de formation d’image selon la revendication
2, dans lequel
l’unité d’obtention d’image tomographique (40) est
configurée pour obtenir une image tomographique
du fond d’oeil à une distance, dans la plage de pro-
fondeur, supérieure ou égale à 5,0 mm à l’intérieur
du globe oculaire (100), et
le générateur d’horloge (80) est configuré de sorte
que la différence de longueur de trajet optique soit
supérieure ou égale à 27,6/n mm dans l’air.

4. Appareil de formation d’image selon la revendication
3, dans lequel
l’unité d’obtention d’image tomographique (40) est
configurée pour obtenir une image tomographique
du fond d’oeil à une distance, dans la plage de pro-
fondeur, supérieure ou égale à 5,8 mm à l’intérieur
du globe oculaire (100), et
le générateur d’horloge (80) est configuré de sorte
que la différence de longueur de trajet optique soit
supérieure ou égale à 32/n mm dans l’air.

5. Appareil de formation d’image, comprenant :

une source de lumière (10) configurée pour
émettre de la lumière tout en balayant une lon-
gueur d’onde de la lumière ;
une unité d’interférence (20) configurée pour di-

viser la lumière émise à partir de la source de
lumière (10) en une lumière d’éclairement inci-
dente sur un fond d’oeil et en une lumière de
référence, et pour générer une lumière d’inter-
férence, obtenue par une réflexion de lumière
réfléchie à partir du fond d’oeil sur lequel est
incidente la lumière d’éclairement, interférant
avec la lumière de référence ;
une unité de balayage (53, 54) configurée pour
balayer la lumière d’éclairement de part et
d’autre du fond d’oeil ;
un détecteur (30, 31) configuré pour détecter la
lumière d’interférence générée par l’unité d’in-
terférence (20) ;
un convertisseur (32) configuré pour convertir
un signal analogique généré à partir de la lumiè-
re d’interférence détectée par le détecteur (30,
31) en un signal numérique ;
un générateur d’horloge (80) configuré en tant
qu’interféromètre comprenant un trajet optique
par lequel passe une partie de la lumière émise
à partir de la source de lumière (10), le trajet
optique étant divisé en un premier trajet optique
et en un second trajet optique ayant une diffé-
rence de longueur de trajet optique par rapport
au premier trajet optique, pour générer une hor-
loge utilisée par le convertisseur (32) échan-
tillonnant le signal analogique ; et
une unité d’obtention d’image tomographique
(40) configurée pour obtenir une image tomo-
graphique du fond d’oeil au moyen du signal nu-
mérique converti à partir du signal analogique
échantillonné par le convertisseur (32) confor-
mément à l’horloge générée,
caractérisé en ce que
l’unité de balayage (53, 54) est configurée pour
balayer la lumière d’éclairement de part et
d’autre du fond d’oeil sur un angle de balayage
supérieur ou égal à 47 degrés dans l’air,
l’unité d’obtention d’image tomographique (40)
est configurée pour obtenir une image tomogra-
phique du fond d’oeil à une distance, dans une
plage de profondeur, supérieure ou égale à 4,0
mm à l’intérieur d’un globe oculaire,
le second trajet optique du générateur d’horloge
(80) est configuré au moyen d’un double trajet,
et
le générateur d’horloge (80) est configuré de
sorte que la différence de longueur de trajet op-
tique soit supérieure ou égale à 11/n mm dans
l’air dans un cas dans lequel l’horloge générée
a une fréquence égale à n fois une fréquence
de l’interféromètre correspondant à la différence
de longueur de trajet optique, n étant un nombre
entier supérieur ou égal à 1.

6. Appareil de formation d’image selon la revendication
5, dans lequel
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l’unité d’obtention d’image tomographique (40) est
configurée pour obtenir une image tomographique
du fond d’oeil à une distance, dans la plage de pro-
fondeur, supérieure ou égale à 5,0 mm à l’intérieur
du fond d’oeil, et
le générateur d’horloge (80) est configuré de sorte
que la différence de longueur de trajet optique soit
supérieure ou égale à 13,8/n mm dans l’air.

7. Appareil de formation d’image selon la revendication
6, dans lequel
l’unité d’obtention d’image tomographique (40) est
configurée pour obtenir une image tomographique
du fond d’oeil à une distance, dans la plage de pro-
fondeur, supérieure ou égale à 5,8 mm à l’intérieur
du globe oculaire, et
le générateur d’horloge (80) est configuré de sorte
que la différence de longueur de trajet optique soit
supérieure ou égale à 16/n mm dans l’air.

8. Appareil de formation d’image selon la revendication
1 ou la revendication 5, dans lequel
le générateur d’horloge (80) est configuré de sorte
que l’horloge ait une fréquence supérieure ou égale
à 500 MHz.

9. Appareil de formation d’image selon la revendication
8, dans lequel
l’unité d’obtention d’image tomographique (40) est
configurée pour obtenir une image tomographique
du fond d’oeil à une distance, dans la plage de pro-
fondeur, supérieure ou égale à 5,0 mm à l’intérieur
du globe oculaire (100), et
le générateur d’horloge (80) est configuré de sorte
que l’horloge ait une fréquence supérieure ou égale
à 620 MHz.

10. Appareil de formation d’image selon la revendication
9, dans lequel
l’unité d’obtention d’image tomographique (40) est
configurée pour obtenir une image tomographique
du fond d’oeil à une distance, dans la plage de pro-
fondeur, supérieure ou égale à 5,8 mm à l’intérieur
du globe oculaire, et
le générateur d’horloge (80) est configuré de sorte
que l’horloge ait une fréquence supérieure ou égale
à 720 MHz.

11. Appareil de formation d’image selon l’une quelcon-
que des revendications 1 à 10, dans lequel
le générateur d’horloge (80) est configuré de sorte
que la fréquence de l’interféromètre soit convertie
en un nombre entier multiple de la fréquence de l’in-
terféromètre, le nombre entier multiple étant supé-
rieur ou égal à 2, la fréquence convertie étant utilisée
en tant que fréquence de l’horloge générée.

12. Appareil de formation d’image selon l’une quelcon-

que des revendications 1 à 11, dans lequel l’unité
de balayage (53, 54) est configurée pour balayer la
lumière d’éclairement de part et d’autre du fond d’oeil
sur une plage supérieure ou égale à 14 mm.

13. Appareil de formation d’image selon l’une quelcon-
que des revendications 1 à 12, comprenant en
outre :

une unité de modification disposée sur le second
trajet optique pour modifier la différence de lon-
gueur de trajet optique ;
une unité de sélection configurée pour sélec-
tionner une distance de l’image tomographique
dans la plage de profondeur ; et
un dispositif de commande configuré pour com-
mander l’unité de modification conformément à
la distance sélectionnée.

14. Appareil de formation d’image selon l’une quelcon-
que des revendications 1 à 12, comprenant en
outre :

une unité de modification disposée sur le second
trajet optique pour modifier la différence de lon-
gueur de trajet optique ;
une unité de sélection configurée pour sélec-
tionner un mode de capture d’image parmi une
pluralité de modes de capture d’image compre-
nant un mode de capture d’image dans lequel
une image est capturée de sorte qu’elle com-
prenne un corps vitré, une rétine et un choroïde ;
et
un dispositif de commande configuré pour com-
mander l’unité de modification conformément au
mode de capture d’image sélectionné.

15. Appareil de formation d’image selon la revendication
13 ou 14, dans lequel
l’unité de sélection est configurée pour pouvoir sélec-
tionner la distance dans une plage allant d’une pre-
mière distance à une seconde distance, la première
distance étant supérieure ou égale à 4,0 mm à l’inté-
rieur du globe oculaire (100), la seconde distance
étant inférieure à 4,0 mm à l’intérieur du globe oculaire
(100), et
le générateur d’horloge (80) est configuré de sorte
que la différence de longueur de trajet optique puisse
être modifiée à l’intérieur d’une plage allant d’une pre-
mière différence de longueur de trajet optique à une
seconde différence de longueur de trajet optique, la
première différence de longueur de trajet optique
étant supérieure ou égale à une longueur correspon-
dant à la distance supérieure ou égale à 4,0 mm à
l’intérieur du globe oculaire (100), la seconde diffé-
rence de longueur de trajet optique étant inférieure à
la longueur correspondant à la distance supérieure
ou égale à 4,0 mm à l’intérieur du globe oculaire (100).
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