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Description
TECHNICAL FIELD

[0001] The present invention relates an optical coher-
ence tomographic imaging apparatus and an optical co-
herence tomographic imaging method. In particular, the
invention relates to an optical coherent tomographic im-
aging apparatus and an optical coherence tomographic
imaging method used in ophthalmic diagnosis and treat-
ment.

BACKGROUND ART

[0002] Optical coherence tomography (OCT) can ac-
quire a tomographic image of a sample with high reso-
lution and is mainly used as an ophthalmic instrument.
An apparatus using the OCT (OCT apparatus) is
equipped with a coherence system and can conduct
measurement with high sensitivity by irradiating an eye-
ground with a measuring beam (low coherent beam) and
combining a return beam from the eyeground with a ref-
erence beam. At this time, the measuring beam is pro-
jected at a predetermined position of the retina to acquire
a tomographic image of the eyeground.

[0003] Here, it may be difficultin some cases to project
the measuring beam at the predetermined position of the
retina due to factors of eyes to be inspected, such as
amblyopia. At this time, it is necessary to project the
measuring beam at the predetermined position of the ret-
ina by adjusting an optical system according to the optical
characteristics of each eye to be inspected, and so it
takes a long time to adjust the optical system.

[0004] In recent years, there has been a stronger de-
mand for acquiring a tomographic image with high reso-
lution by the OCT apparatus. Therefore, when a tomo-
graphic image is acquired by making a beam diameter
of ameasuring beam large, ittakes alonger time to adjust
such an optical system.

[0005] On the other hand, it is also desired to shorten
the time for adjusting the optical system. In particular,
shortening of the time required of imaging in the ophthal-
mic diagnosis of the retina is related to lightening a bur-
den on a subject, so that it is strongly desired to shorten
the time for adjusting such an optical system.

[0006] In order to meet the above two demands, an
optical apparatus using OCT and optical coherence mi-
croscopy (OCM) is disclosed in Japanese Patent Appli-
cation Laid-Open No. 2002-174769 (Patent Art. 1). This
apparatus is so constructed that OCT is used in confir-
mation of a large structure in a vital sample and can be
changed to OCM when a noticeable region therein is ob-
served with minuter resolution. At this time, OCT and
OCM are greatly different in depth of focus, so that the
apparatus is so constructed that beam diameters can be
set according to OCT having a small numerical aperture
and OCM having a great numerical aperture using a
beam diameter converting optical system to permit ob-
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servation at a high S/N ratio.

[0007] Further prior art is disclosed in
2002/0048025 and US 2006/0187462.

[0008] The apparatus disclosed in Patent Art. 1 (Jap-
anese Patent Application Laid-Open No. 2002-174769)
can observe a noticeable region in a large structure in a
vital sample confirmed with minuter resolution by OCT
by changing to OCM, thereby solving a problem that it
takes a long time for adjustment for projecting a meas-
uring beam in OCM with a shallow depth of focus at a
predetermined position.

[0009] However, Patent Art. 1 (Japanese Patent Ap-
plication Laid-Open No. 2002-174769) does not at all
consider a problem caused by making a beam diameter
of a measuring beam large using the beam diameter con-
verting optical system upon tomographic imaging with
high resolution by imaging by the OCT apparatus.
[0010] In the tomographic imaging by OCT, the beam
diameter of the measuring beam is made large using the
beam diameter converting optical system, whereby ac-
quiring a tomographic image with high resolution. How-
ever, when the beam diameter of the measuring beam
is made large in such a manner, the depth of focus be-
comes shallow, so that it is difficult to project the meas-
uring beam at a predetermined position, and it takes a
long time to adjust the optical system.

[0011] Itis an object of the present invention to provide
an optical coherence tomographic imaging apparatus
and an optical coherence tomographic imaging method,
which can shorten the imaging time upon acquiring a
tomographic image with high resolution by OCT, in view
of the above-described problems.

[0012] The present invention provides an optical co-
herence tomographic imaging apparatus, an optical co-
herence tomographic imaging method, a storage medi-
um, and a computer program according to the independ-
ent claims. Further details are set out in the respective
dependent claims.

[0013] According to the present invention, an optical
coherence tomographic imaging apparatus and an opti-
cal coherence tomographic imaging method which can
shorten the imaging time upon acquiring a tomographic
image with high resolution by an OCT apparatus can be
realized.

[0014] Furtherfeatures of the presentinvention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

us

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1 illustrates the schematic construction of the
whole optical system of an OCT apparatus in Exam-
ple 1 of the present invention.

FIGS.2A,2B, 2C and 2D illustrate an adjusting meth-
od of the OCT apparatus in Example 1 of the present
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invention.

FIGS. 3A, 3B and 3C illustrate a method for acquiring
an image with the OCT apparatus in Example 1 of
the present invention.

FIG. 4 illustrates the schematic construction of the
whole optical system of an OCT apparatus in Exam-
ple 2 of the present invention.

FIGS. 5A and 5B illustrate adjustment of a beam
diameter using a variable beam expander in Exam-
ple 1 of the present invention.

FIGS. 6A and 6B are flow diagrams illustrating de-
termination of a beam diameter in Examples 3 and 4.
FIGS. 7A, 7B and 7C typically illustrate an optical
coherence tomographic information acquisition ap-
paratus according to an embodiment of the present
invention.

FIGS. 8A, 8B and 8C illustrate an aperture varying
device in Example 4 of the present invention.
FIGS. 9A, 9B, 9C, 9D, 9E, 9F, 9G, 9H, 91, 9J, 9K and
9L illustrate examples of an aperture in Example 4
of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] Improvements in resolution and contrast and
shortening of an imaging time can be achieved in tomo-
graphic imaging by OCT, in particular, tomographic im-
aging of the retina in an eyeground of an eye to be in-
spected.

[0017] When the beam diameter of the measuring
beam is made large as described above, there is a prob-
lem that the depth of focus becomes shallow, and so
focusing is difficult to take a long time for the focusing.
There is also a problem that it is difficult to project ameas-
uring beam at a predetermined position due to the optical
characteristics of each eye to be inspected, and so con-
trast is lowered.

[0018] The present inventors have found that these
problems are solved by the following constitution. The
outline thereof is described. In a preparatory stage for
tomographic imaging, the beam diameter of the meas-
uring beam is made smaller than a beam diameter upon
an imaging stage, whereby a focusing range capable of
roughly acquiring a tomographic image with deep depth
of focus is obtained by adjusting the optical path length
of a reference beam by an optical path length adjusting
unit.

[0019] The position (focusing range) of the optical path
length of the reference beam adjusted by the optical path
length adjusting unit is recorded.

[0020] On the other hand, in an imaging step for imag-
ing atomographicimage, the beam diameter of the meas-
uring beam is made larger than the beam diameter in the
preparatory stage before imaging to acquire an image
with high resolution.

[0021] At this time, the depth of focus becomes shal-
low. However, itis easy to make adjustment to a focusing
position upon projecting the measuring beam at a pre-
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determined position by using the adjusted position (fo-
cusing range) of the optical path length of the reference
beam recorded above as areference, and so the imaging
time can be shortened.

[0022] In the imaging stage, the beam diameter of the
measuring beam is gradually varied, and the intensity of
areturn beam is measured, whereby the beam diameter
of the measuring beam can be adjusted to a beam diam-
eter at which the return beam intensity becomes maxi-
mum, and the contrast can be improved.

[0023] In the imaging stage, the beam form or beam
incidence position of the measuring beam is varied,
whereby the contrast can be more improved.

[0024] Such an OCT apparatus as described above is
constructed in the following manner in an embodiment
of the present invention.

[0025] Inthe OCT apparatus according to this embod-
iment, an optical coherence tomographic imaging appa-
ratus, in which light from a light source is splitinto a meas-
uring beam and a reference beam, the measuring beam
is guided to an inspection object, the reference beam is
guided to a reference mirror, and a return beam of the
measuring beam reflected or scattered by the inspection
object and the reference beam reflected by the reference
mirror are used to image a tomographic image of the
inspection object, is equipped with a beam diameter ad-
justing unit for adjusting a beam diameter of the meas-
uring beam.

[0026] This beam diameter adjusting unit is provided
in an optical path for guiding the measuring beam to the
inspection object and is constructed by an expandable
optical system. For example, this unit can be constructed
as a variable beam expander 136 arranged in the optical
path of the measuring beam in the OCT apparatus illus-
trated in FIG. 1.

[0027] The OCT apparatus is also equipped with a re-
turn beam splitting unit for splitting the return beam into
a first return beam and a second return beam.

[0028] Forexample, this splitting unit can be construct-
ed as a beam splitter 103-3 arranged in the optical path
of the measuring beam in the OCT apparatus illustrated
in FIG. 1.

[0029] The OCT apparatus is further equipped with a
first detection unit for detecting the intensity of the first
return beam from the splitting unit.

[0030] Forexample, this first detection unit can be con-
structed as a detector 138, to which the first return beam
is guided, in the OCT apparatus illustrated in FIG. 1.
[0031] The OCT apparatusis still further equipped with
a condensing position adjusting unit for adjusting a po-
sition of a condensing unit for condensing the measuring
beam on the inspection object with the beam diameter
adjusted by the beam diameter adjusting unit based on
the first return beam intensity detected by the first detec-
tion unit.

[0032] Forexample, this condensing position adjusting
unit for the condensing unit can be constructed as an
electric stage 117-2 in the OCT apparatus illustrated in
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FIG. 1.

[0033] The OCT apparatus is yet still further equipped
with a second detection unit for detecting the intensity of
a combined beam obtained by combining the second re-
turn beam from the splitting unit with the reflected beam
of the reference beam reflected by the reference mirror.
[0034] For example, this second detection unit can be
constructed as a balanced detector 122 in the OCT ap-
paratus illustrated in FIG. 1.

[0035] The OCT apparatus is yet still further equipped
with an optical path length adjusting unit for adjusting the
optical path length of the reference beam with the position
of the condensing unit adjusted by the condensing posi-
tion adjusting unit based on the combined beam intensity
detected by the second detection unit.

[0036] For example, this optical path length adjusting
unit can be constructed as an electric stage 117-1 in the
OCT apparatus illustrated in FIG. 1.

[0037] The OCT apparatus can also be constructed so
as to have a unit for recording the position of the optical
path length of the reference beam adjusted by the optical
path length adjusting unit.

[0038] Upon execution of an optical coherence tomo-
graphic imaging method using the OCT apparatus in this
embodiment, optical tomographic imaging can be con-
ducted through the following steps.

[0039] Inapreparatory stage for tomographic imaging,
which is a first step, the beam diameter of the measuring
beamis adjusted toabeamdiameter smallerthan abeam
diameter upon measurement using the beam diameter
adjusting unit, the intensity of the first return beam of the
firstand second return beams split by a return beam split-
ting unit is detecting by the first detection unit, and the
position of the condensing unit for condensing the meas-
uring beam on the inspection object is adjusted based
on the beam intensity detected.

[0040] In a second step, the intensity of a combined
beam obtained by combining the second return beam
split by the return beam splitting unit with the reflected
beam of the reference beam reflected by the reference
mirror is detected by the second detection unit with the
position of the condensing unit adjusted in the first step,
and the optical path length of the reference beam is ad-
justed by the optical path length adjusting unit based on
the beam intensity detected.

[0041] In this manner, in the preparatory stage before
tomographic imaging, afocusing range capable of rough-
ly acquiring a tomographic image with deep depth of fo-
cus by the measuringbeam made smallin beam diameter
is obtained by adjusting the optical path length of the
reference beam by the optical path length adjusting unit,
whereby the focusing range can be obtained without re-
quiring a time. At this time, the position (focusing range)
of the optical path length of the reference beam adjusted
by the optical path length adjusting unit is recorded.
[0042] In an imaging stage of imaging a tomographic
image, which is a third step, the beam diameter of the
measuring beam is adjusted to a beam diameter larger
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than the beam diameter in the preparatory stage using
the beam diameter adjusting unit, the intensity of the first
return beam is detected by the first detection unit, and
the position of the condensing unit for condensing the
measuring beam on the inspection object is adjusted
based on the beam intensity detected.

[0043] In a fourth step, the intensity of the combined
beam is detecting by the second detection unit with the
position of the condensing unit adjusted in the third step
by using, for example, the recorded position of the optical
path length adjusted by the optical path length adjusting
unit as a reference, and the optical path length of the
reference beam is adjusted by the optical path length
adjusting unit based on the beam intensity detected.
[0044] As described above, upon tomographic imag-
ing, the optical path length of the reference beam can be
quickly adjusted by using the recorded position of the
optical path length adjusted by the optical path length
adjusting unit as a reference, for example, using the vi-
cinity of a center of the position adjusted by the optical
path length adjusting unit as a reference.

[0045] Inthis embodiment, the apparatus may also be
constructed so as to have a unit for reporting that the first
or second return beam does not get at an intensity nec-
essary to be detected by the first or second detection unit.
[0046] By providing this unit, itis possible to take proper
measures when the intensity of the return beam does not
reach a predetermined intensity.

[0047] In this embodiment, at least one optical path of
an optical path to guide the light from the light source to
an optical path at which itis splitinto the measuring beam
and the reference beam, an optical path to guide the
measuring beam to an inspection object and an optical
path to guide the reference beam to the reference mirror
may be constructed by an optical fiber.

[0048] By this construction, a small-sized and cheap
OCT apparatus can be realized. In this embodiment, at
least one step of the first to fourth steps may be consti-
tuted so as to be automatically conducted.

[0049] In another embodiment, the optical coherence
tomographic imaging method according to the above-
described embodiment is also stored, as a program for
having it executed by a computer, in a storage medium
(for example, flexible disc, hard disc, optical disc, mag-
neto-optical disc, CD-ROM, CD-R, magnetic tape, non-
volatile memory card, ROM, EEPROM or Blu-ray disc)
readable by the computer.

[0050] Inafurtherembodiment, a program for perform-
ing the above-described optical coherence tomographic
imaging method with a computer is provided.

(Optical coherence tomographic information acquisition
apparatus)

[0051] The optical coherence tomographic information
acquisition apparatus according to another embodiment
of the present invention will be described with reference
to FIGS. 7A to 7C.
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[0052] First, areturnbeam detection portion 19 detects
the intensity information of a return beam 16 from an
inspection object (for example, an eyeground) 12. The
return beam detection portion 19, which can detect the
intensity of the beam, is, for example, a photo diode and
photomultiplier.

[0053] Then, an optical portion 20 irradiates an arbi-
trary position (irradiation position) of the inspection object
12 with a measuring beam 13 incident on the inspection
object 12. The optical portion 20 may condense the beam
incident on the optical portion 20 to the above-described
position and is, for example, a lens.

[0054] A beam diameter varying portion 21 varies the
firstbeam diameter 25 of the measuring beam 13 incident
on the optical portion 20 to a second beam diameter 26
larger than the first beam diameter 25. The beam diam-
eter varying portion 21 may vary the size of the beam
diameter of the beam incident on the beam diameter var-
ying portion 21. Examples thereof include a variable
beam expander (typically, such a construction that a
beam diameter can be varied while keeping a substan-
tially parallel beam using an optical system such as a
lens). However, this portion is not limited thereto, and it
may be such a construction (for example, variable aper-
ture) that the size of a bore irradiated with the beam can
be varied.

[0055] In the case of the first beam diameter 25, the
spot diameter at the irradiation position is large (FIG. 7B).
At this time, the depth of focus 27 is deep, and transverse
resolution 28 (resolution in a direction perpendicular to
the direction of the optical axis) is low. In the case of the
second beam diameter 26, the spot diameter at the irra-
diation position is small (FIG. 7C). At this time, the depth
of focus is shallow, and the transverse resolution is high.
[0056] An adjustment portion 22 is an adjustment por-
tion for adjusting a position of the beam applied by the
optical portion 20 in the inspection object 12 substantially
in the direction of the optical axis (or the depth direction
of the inspection object) based on the intensity informa-
tion of the return beam (or using the intensity information
of the return beam) from the arbitrary position of the in-
spection object 12 in the first beam diameter 25. The
adjustment portion 22 adjusts the position of the optical
portion 20 in the direction of the optical axis. Otherwise,
the apparatus may be moved with respect to the inspec-
tion object 12. The adjustment portion 22 is so construct-
ed that the difference between the optical path length of
the measuring beam 13 and the optical path length of a
reference beam 15 is adjusted. By this construction, a
coherence gate (position where the length of the path of
the measuring beam and the length of the path of the
reference beam are substantially the same) can be ad-
justed. The adjustment by the adjustment portion 22 may
be conducted with the inspection object being irradiated
with the measuring beam of the second beam diameter.
[0057] A combined beam detection portion 18 detects
a combined beam 17 (or a coherence beam) of the return
beam 16 from the inspection object 12 and the reference
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beam 15. The combined beam detection portion 18,
which can detect the intensity of the beam, is a photo
diode and photomultiplier, for example. The detection
portion may also be so constructed (balanced detector)
that two photo diode are used to electrically remove ther-
mal noise (FIG. 1).

[0058] The optical coherence tomographic information
acquisition apparatus is so constructed that the beam
diameter is varied from the first beam diameter 25 to the
second beam diameter 26 by the beam diameter varying
portion 21 at the position adjusted by the adjustment por-
tion 22 in such a manner that the measuring beam having
the second beam diameter 26 is incident.

[0059] By this construction, the focal position (focus)
can be adjusted in a relatively short period of time be-
cause the measuring beam small in beam diameter is
used, and the combined beam can be acquired with high
transverse resolution because the measuring beam large
in beam diameter is used.

[0060] The optical coherence tomographic information
acquisition apparatus according to this embodiment has
the following.

[0061] First, a light source 11 is provided. The light
source 11, which is a low coherent light source, is, for
example, SLD (super luminescent diode).

[0062] Then, a splitting portion (splitting unit) 23 for
splitting light from a light source 11 into the measuring
beam 13 incident on the inspection object 12 and the
reference beam 15 incident on a reference portion 14 is
provided. This splitting portion is also a combining portion
for combining the return beam 16 from the inspection
object 12 with the reference beam 15 reflected by the
reference portion 14. An optical system commonly using
the splitting portion and the combining portion (Michelson
interferometer; construction in FIG. 7A) as described
above may be used. However, an optical system sepa-
rately using the splitting portion and the combining por-
tion (Mach-Zehnder interferometer; FIG. 1) may also be
used.

[0063] At this time, it is desirably so constructed that
intensity information as to the tomographic position of
the inspection object in the optical axis direction of the
optical system is acquired. Needless to say, the optical
coherence tomographic imaging apparatus according to
the present invention is not limited thereto.

(Beam condition varying portion)

[0064] Here,thereis a problem thatittakes a long time
for acquiring a tomographic image having high contrast
due to the optical characteristics (mainly, aberration such
as astigmatism) of individual eyes to be inspected. The
apparatus desirably has the following construction for
solving this problem. However, the present invention is
not limited thereto.

[0065] The apparatus is desirably equipped with a
beam condition varying portion (for example, 236’ in
FIGS. 8A and 8B) for varying the beam condition of the
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measuring beam 13 having the second beam diameter
26. The beam condition is at least one of the form, the
size and the positionin the in-plane direction substantially
perpendicular to the direction of the optical axis of the
measuring beam. However, the condition is not limited
thereto and may be any beam condition.

[0066] The beam condition varying portion is desirably
constructed by containing a plurality of lenses for forming
the beam condition of the measuring beam by incidence
of the measuring beam. The beam condition varying por-
tion is also desirably so constructed that among the plural
lenses the beam condition at the time of incidence of the
measuring beam to a first lens and the beam condition
at the time of incidence of the measuring beam to a sec-
ond lens are different from each other.

[0067] The beam condition varying portion is desirably
equipped with a disc (for example, 251’ in FIGS. 8B and
8C) arranged perpendicularly to the optical axis direction
and a plurality of openings (for example, FIGS. 9A to 9L)
provided in the disc. This portion is desirably so con-
structed that the measuring beam is selectively incident
on any of the openings by rotating the disc.

[0068] The intensity information of the return beam is
detected for every beam condition varied by the beam
condition varying portion. The combined beam obtained
by using the measuring beam having the beam condition
selected based on the detected intensity information is
detected by the combined beam detection portion.
[0069] A tomographic image having high contract can
be thereby acquired in a short period of time irrespective
of the optical characteristics (mainly, aberration such as
astigmatism) of individual eyes to be inspected.

[0070] The above-described matter will be described
in detail in Example 4.

EXAMPLES

[0071] The present invention will hereinafter be de-
scribed by Examples.

(Example 1)

[0072] An OCT apparatus (or optical coherence tom-
ographic information acquisition apparatus) in Example
1 is described. In this Example, TD-OCT (time domain
OCT) for acquiring a tomographic image of a retina in
particular is described.

[0073] However, the present invention is not limited to
such TD-OCT, and it goes without saying that the present
invention may also be applied to FD-OCT (fourier domain
OCT).

[0074] First, the schematic construction of the optical
system of the OCT apparatus in this Example is de-
scribed. FIG. 1 illustrates the schematic construction of
the whole optical system of the OCT apparatus in this
Example. In FIG. 1, an OCT apparatus 100 and an eye
(or inspection object) 107 measured by the OCT appa-
ratus 100 are illustrated.
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[0075] The OCT apparatus is constructed by the fol-
lowing element: a light source 101, beam splitters 103-1
to 103-3, single mode fibers 110-1to 110-4, lenses 111-1
to 111-4, and 120-1 and 120-2, mirrors 114-1 to 114-5,
dispersion compensation glasses 115-1 to 115-3, acou-
stooptic modulators 116-1 and 116-2, a controller 116-3
for the acoustooptic modulators, electric stages 117-1
and 117-2, an XY scanner 119, a balanced detector 122,
an amplifier 123, a filter 124, a personal computer 125,
a variable beam expander 136, and a detector 138.
[0076] In this apparatus, the personal computer 125
operates as a control portion for the electric stages 117-1
and 117-2, XY scanner 119 and variable beam expander
136. The electric stages 117-1 and 117-2 adjust the rec-
tilinear movement of the electric stages 117-1 and 117-2,
the XY scanner 119 adjusts the scanning of a scanner
mirror, and the variable beam expander 136 adjusts in-
tervals between lenses.

[0077] A reference beam 105, a measuring beam 106
and return beams 108, 108-1 and 108-2 are also illus-
trated in FIG. 1.

[0078] A cornea 126 and a retina 127 are further illus-
trated therein.
[0079] As illustratedin FIG. 1, the OCT apparatus 100

of this Example forms a Mach-Zehnder interference sys-
tem as a whole.

[0080] In this drawing, light outputted from the light
source 101 is split into the reference beam 105 and the
measuring beam 106 by the beam splitter 103-1.
[0081] The measuring beam 106 is returned as the re-
turn beam 108 reflected or scattered by the eye 107 that
is an object of observation and split into the return beam
(first return beam) 108-1 and the return beam (second
return beam) 108-2 by the beam splitter 103-3. The return
beam 108-2 of these return beams is combined with the
reference beam 105 by the beam splitter 103-2.

[0082] After the reference beam 105 and return beam
108-2 are combined and split by the beam splitter 103-2,
and the combined beam caused to be incident on the
balanced detector 122.

[0083] The balanced detector 122 converts beam in-
tensity to voltage, and a tomographic image of the eye
107 is formed by using a signal thereof.

[0084] The light source 101 will now be described.
[0085] The lightsource 101 is SLD (super luminescent
diode) that is a typical low coherent light source.

[0086] The wavelength thereofis 830 nm, and the band
width is 50 nm. The band width affects the resolution in
an optical axis direction of the resulting tomographic im-
age and is hence an important parameter.

[0087] In this Example, SLD has been selected as the
light source. However, ASE (amplified spontaneous
emission) may also be used so far as it can output low
coherent light.

[0088] In view of the measurement for the eyes, a
wavelength in the range of near infrared rays is proper.
The wavelength affects the resolution in a transverse di-
rection of the resulting tomographic image and is desir-
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ably a short wavelength. In this Example, 830 nmis used.
[0089] Another wavelength may also be selected ac-
cording to a measuring site of the object to be observed.
[0090] The light outputted from the light source 101 is
guided to the lens 111-1 through the single mode fiber
110-1 and adjusted so as to give a parallel beam having
a beam diameter of 4 mm.

[0091] The optical path of the reference beam 105 will
now be described.

[0092] Thereference beam 105 split by the beam split-
ter 103-1 is caused to be continuously incident on the
reference mirrors 114-1 to 114-5 to change its direction,
thereby causing it to be incident on the balanced detector
122 by the beam splitter 103-2.

[0093] The dispersion compensation glasses 115-1
and 115-2 are arranged in the optical path, and the length
of the dispersion compensation glass 115-1 is L1 and
desirably equal to twice as much as the length (diameter)
of the depth of a general eye. The dispersion compen-
sation glass 115-1 compensates the dispersion when the
measuring beam 106 goes to and comes back from the
eye 107 with respect to the reference beam 105.
[0094] Inthis Example, the lengthis setto L1 =46 mm,
twice as much as 23 mm, to be an average diameter of
a Japanese eyeball.

[0095] The electric stage 117-1 is further arranged,
which can be moved in directions illustrated by the arrow
and can adjust and control the optical path length of the
reference beam 105.

[0096] The modulation method of the reference beam
105 will now be described.

[0097] Two acoustooptic modulators 116-1 and 116-2
are used as shifters for the frequency of the beam.
[0098] The shift frequencies of the acoustooptic mod-
ulators 116-1 and 116-2 are +41 MHz and -40 MHz, re-
spectively. As a result, the frequency of the reference
beam 105 is shifted by 1 MHz.

[0099] The dispersion compensation glass 115-2 con-
ducts dispersion compensation for the lenses 120-1 and
120-2 used in scanning of the eye 107.

[0100] The optical path of the measuring beam 106 will
now be described.

[0101] The measuring beam 106 split by the beam
splitter 103-1 passes through the dispersion compensa-
tion glass 115-3, is reflected by the beam splitter 103-3
and caused to be incident on the variable beam expander
136.

[0102] Thedispersion compensation glass 115-3 com-
pensates dispersion of the acoustooptic modulators
116-1 and 116-2.

[0103] The variable beam expander 136 has a role of
varying the beam diameter of the measuring beam 106.
For example, the beam diameter of 4 mm can be varied
between 1 mm and 8 mm.

[0104] The variable beam expander 136 is constructed
by, for example, containing a lens having positive refract-
ing ability (for example, convex lenses) and a lens having
negative refracting ability (for example, a concave lens)
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as illustrating in FIGS. 5A and 5B. Incidentally, the re-
fracting ability means a physical quantity defined by the
inverse number of a focal distance of a lens.

[0105] The position of the lens 136-2 having negative
refracting ability is changed between the lenses 136-1
and 136-3 having positive refracting ability. The beam
passes through the lens 136-1, is transmitted through
the lens 136-2 and passes through the lens 136-3. At this
time, when the lens 136-2 is positioned on the side of the
lens 136-1, the beam diameter can be made large (FIG.
5A). When the lens 136-2 is positioned on the side of the
lens 136-1 on the other hand, the beam diameter can be
made small (FIG. 5B).

[0106] The measuring beam is then caused to be inci-
dent on a mirror of the XY scanner. The XY scanner 119
has been described as one mirror herein for the sake of
simplicity. In the XY scanner, however, two mirrors of an
X scanning mirror and a Y scanning mirror are actually
arranged in close vicinity to each other to conduct raster-
scan on the retina 127 in a direction perpendicular to the
optical axis. The center of the measuring beam 106 is
adjusted so as to conform to a center of rotation of the
mirror in the XY scanner 119.

[0107] The lenses 120-1 and 120-2 are of an optical
system for scanning the retina 127 and have a role of
scanning the retina 127 with the vicinity of the cornea
126 used as a fulcrum.

[0108] In this Example, the focal distances of the lens-
es 120-1 and 120-2 are 50 mm and 50 mm, respectively.
When the measuring beam 106 is incident on the eye
107, itbecomes the return beam 108 by reflection or scat-
tering from the retina 127.

[0109] Thereturn beam 108 is further splitinto a return
beam (first return beam) 108-1 and a return beam (sec-
ond return beam) 108-2 by the beam splitter 103-3, and
the return beam 108-1, one of the return beams, is trans-
mitted through the beam splitter 103-1 and guided to the
detector 138.

[0110] As the detector 138, is used, for example, APD
(avalanche photo diode) that is a high-speed and high-
sensitivity optical sensor.

[0111] The other return beam 108-2 is guided to the
balanced detector 122.

[0112] The electric stage 117-2 is further arranged,
which can be moved in directions illustrated by the arrow
and can adjust and control the position of the lens 120-2
attached thereto.

[0113] Thelens 120-2 condenses the measuringbeam
on the retina 127 by adjusting the position thereof by
means of the electric stage 117-2 even if the eye 107 of
the subject has ametropia, which enables acquiring of a
tomographic image by the OCT apparatus 100.

[0114] Although the lens 120-2 is used for adjusting
the condensation position of the measuring beam 106
on the retina 127, a spherical surface mirror can be also
used instead of the lens. It is also possible to conduct
such adjustment by moving the eye 107 itself.

[0115] The construction of the measuring system in
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the OCT apparatus in this Example willnow be described.
[0116] The OCT apparatus 100 can acquire a tomo-
graphic image (OCT image) formed from the intensity of
interference signals by the Mach-Zehnder interference
system.

[0117] The measuring system thereof is described.
The return beam 108 that is a beam reflected or scattered
by the retina 127 is split into the return beam 108-1 and
the return beam 108-2 by the beam splitter 103-3. The
return beam 108-2 of these split return beams is further
split by the beam splitter 103-2. On the other hand, the
reference beam 105 is also split by the beam splitter
103-2. The reference beam 105 and the return beam
108-2 are adjusted so as to be combined after the beam
splitter 103-2.

[0118] The combined beam is then condensed by the
lenses 111-2 and 111-3 and guided to the balanced de-
tector 122 through the optical fibers 110-2 and 110-3,
and the intensity of the combined beam of the reference
beam 105 and the return beam 108-2 is converted to
voltage.

[0119] The resultant voltage signal is amplified by the
amplifier 123, a necessary frequency componentis taken
out through the filter 124, and demodulation and data
processing are conducted by the personal computer 125
to form a tomographic image.

[0120] Here, the frequency of the reference beam 105
is shifted by 1 MHz as described above. Therefore, the
voltage signal obtained above becomes a beat signal of
1 MHz. The return beam 108-2 is generally weak, while
the reference beam 105 is strong, so that detection sen-
sitivity can be increased.

[0121] In this Example, a band-pass filter of 1 MHz is
used as the filter 124, and excessive frequency compo-
nents are cut, thereby detecting the beat signal with high
sensitivity.

[0122] The other one return beam 108-1 split by the
beam splitter 103-3 as described above passes through
the beam splitter 103-1, condensed by the lens 111-4
and guided to the detector 138 through the optical fiber
110-4.

[0123] Thedetector 138 is electrically connected to the
personal computer 125 to enables recording and display-
ing the intensity of the return beam 108-1. The signal
obtained by the detector 138 is an intensity signal of the
return beam 108-1 by the reflection or scattering on the
retina 127, and this signal does not have high depth res-
olution unlike the interference signal.

[0124] The adjusting method before acquiring tomo-
graphic images, which is a feature of the present inven-
tion, will now be described specifically with reference to
FIG. 1 and FIGS. 2A to 2D.

[0125] FIGS. 2A to 2D are drawings for explaining the
adjusting method before acquiring tomographic images
and illustrate an optical system portion for causing the
measuring beam to be incident on a human eye. The
same elements asin FIG. 1 are given the same reference
sign. When the retina of an eyeground is generally ob-
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served, the measuring beam is scanned on the retina
from the viewpoint of safety to conduct observation. In
this Example, observation is actually conducted while the
measuring beam is scanned on the retina.

[0126] Inthe adjusting method of this Example, the fol-
lowing steps are conducted, for example, continuously.
Alternatively, one may go back to some step to conduct
such step, or the following steps may be automatically
conducted by using a computer.

[0127] First, in afirst step, the variable beam expander
136 is adjusted to adjust the beam diameter of the meas-
uring beam 106 to 1 mm (FIG. 2A).

[0128] Then, ina second step, the electric stage 117-2
is used to adjust the position of the lens 120-2 so as to
focus the measuring beam 106 on the retina 127.
[0129] The adjustment is conducted for detecting the
return beam 108-1 of the measuring beam 106 from the
retina 127 by the detector 138 so as to make the intensity
of the returnbeam 108-1 substantially maximum (FIG. 1).
[0130] Since this intensity is information depending on
the position of the retina, the intensity may be displayed
as a graph or a two-dimensional image.

[0131] Since the beam diameter is 1 mm herein as il-
lustrated in FIG. 2B, a focusing range 137 is about 2 mm.
[0132] Then, in a third step, the electric stage 117-1 is
used to adjust the positions of the mirrors 114-1 and
114-2, thereby adjusting the optical path length of the
reference beam 105 to cause the reference beam 105
and the return beam 108-2 to optically interfere with each
other.

[0133] This adjustment is conducted for detecting the
signalintensity of the optical interference by the balanced
detector 122 so as to make the intensity maximum (FIG.
1).

[0134] Since this signal intensity is information de-
pending on the position of the retina, the intensity may
be displayed as a graph or a two-dimensional image. The
position of the electric stage 117-1 herein is recorded.
[0135] Then, in a fourth step, the variable beam ex-
pander 136 is adjusted to adjust the beam diameter of
the measuring beam 106 to 4 mm (FIG. 2C). Here, the
broken line and the solid line in the drawing indicate a
non-focused state and afocused state, respectively (FIG.
2A).

[0136] Then, in a fifth step, the electric stage 117-2 is
used to adjust the position of the lens 120-2 so as to
focus the measuring beam 106 on the retina 127.
[0137] This adjusting method is the same as in the sec-
ond step. Since the beam diameter is 4 mm herein as
illustrated in FIG. 2D, the focusing range 137 is about
100 pm and is smaller than that in the second step.
[0138] Then, in a sixth step, the electric stage 117-1 is
used to adjust the positions of the mirrors 114-1 and
114-2, thereby adjusting the optical path length of the
reference beam 105 to cause the reference beam 105
and the return beam 108-2 to optically interfere with each
other.

[0139] The position of the electric stage 117-1 herein
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is adjusted in the vicinity of the position recorded in the
third step.

[0140] The method for acquiring a tomographic image
using the OCT apparatus of this Example will now be
described. The OCT apparatus 100 is capable of acquir-
ing a tomographic image of a desired site of the retina
127 by controlling the electric stage 117-1 and the XY
scanner 119 (FIG. 1).

[0141] The method for acquiring the tomographic im-
age (plane parallel to the optical axis) of the retina 127
is described with reference to FIGS. 3A to 3C.

[0142] FIG. 3Ais a typical drawing of an eye 107 illus-
trating a condition of being observed by the OCT appa-
ratus.

[0143] When the measuring beam 106 is incident on
the retina 127 through the cornea 126 as illustrated in
FIG. 3A, it becomes the return beam 108 by reflection or
scattering at various positions, and the return beam 108
reaches the balanced detector 122 with time delays for
the respective positions.

[0144] At this time, an interference signal can be de-
tected by the balanced detector 122 only when the optical
path length of the reference beam path is almost equal
to the optical path length of the measuring beam path,
since the band width of the light source 101 is wide, and
the coherence length is short.

[0145] As described above, the frequency of the refer-
ence beam 105 is shifted by 1 MHz with respect to the
measuring beam 106, and so the interference signal be-
comes a beat signal of 1 MHz.

[0146] When the interference signal is detected while
driving the X axis of the XY scanner 119 as illustrated in
FIG. 3B, the interference signal becomes a signal having
position information of the X axis.

[0147] The amplitude of this signal is squared and de-
modulated, thereby obtaining an intensity distribution in
the X axis direction at an arbitrary XY plane of the return
beam 108.

[0148] Further, when the electric stage 117-1 is used
to repeat the same operation while varying the optical
path length of the reference beam path, a two-dimen-
sional distribution of the intensity of the return beam 108
at an XZ plane is obtained, and hence is the tomographic
image 132 (FIG. 3C).

[0149] As described above, the tomographic image
132 is obtained by arranging the intensity of the return
beam 108 from the retina 127 in an array form and dis-
played by, for example, applying the intensity of the return
beam 108 to the gray scale. However, only the boundary
thereof is displayed herein.

(Example 2: Optical fiber)

[0150] In Example 2, an exemplary construction in
which any of the optical paths shown in Example 1 is
constructed by an optical fiber is described.

[0151] FIG. 4 illustrates the schematic construction of
the whole optical system of an OCT apparatus in this
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Example. In FIG. 4, the same or corresponding elements
to those of Example 1 illustrated in FIG. 1 are given the
same reference sign, and so the description of the re-
dundant elements is omitted.

[0152] The OCT apparatus 200 illustrated in FIG. 4 is
constructed by single mode fibers 130-1 to 130-10, pho-
tocouplers 131-1 to 131-3 and the like.

[0153] Inthis Example, the OCT apparatus 200 is used
as an apparatus for acquiring a tomographic image of
the retina 127 of an eye 107 in an eye to be inspected.
Inthis Example, a partof the optical systemis constructed
by using the optical fibers, thereby miniaturizing the ap-
paratus.

[0154] The apparatus has a fundamental construction
that does not differ from that in Example 1 except that
the optical fibers are used.

[0155] The construction of the optical system in the
OCT apparatus of this Example will now be described.
[0156] First of all, the construction of the OCT appara-
tus 200 is roughly described.

[0157] As illustratedin FIG. 4, the OCT apparatus 100
of this Example forms a Mach-Zehnder interference sys-
tem as a whole.

[0158] In FIG. 4, the measuring beam 106 is returned
as the return beam 108-2 reflected or scattered by the
eye 107 that is an object of observation and then com-
bined with the reference beam 105 by the photocoupler
131-2.

[0159] After the reference beam 105 and return beam
108-2 are combined and split, the combined beam
caused to be incident on the balanced detector 122.
[0160] A tomographic image of the eye 107 is formed
by using the beam intensity obtained by the balanced
detector 122.

[0161] The light source 101 will now be described.
[0162] The light source 101 itself is the same as in Ex-
ample 1. The light outputted from the light source 101 is
guided to the photocoupler 131-1 through the single
mode fiber 130-1 and split at an intensity ratio of 90:10
into the measuring beam 106 and the reference beam
105, respectively.

[0163] The optical path of the reference beam 105 will
now be described.

[0164] The reference beam 105 split by the photocou-
pler 131-1 is then guided to a lens 135-1 through the
single mode fiber 130-2 and adjusted so as to give a
parallel beam having a beam diameter of 4 mm.

[0165] The electric stage 117-1, the reference mirrors
114-1 and 114-2 attached thereto, and the dispersion
compensation glass 115-1 are the same as in Example
1, and so their description is omitted.

[0166] The reference beam 105-1 passes through the
dispersion compensation glass 115-2 and then is guided
to the single mode fiber 130-6 using a lens 135-2.
[0167] The reference beam is further caused to be in-
cident on the photocoupler 131-2 through an acoustoop-
tic modulator 133-1 and the single mode fiber 130-7.
[0168] The acoustooptic modulator 133-1 is used for
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the optical fiber and can conduct frequency shift of 1 MHz
using a controller 133-2.

[0169] Accordingly, the reference beam 105 obtained
herein is the same as in Example 1.

[0170] The optical path of the measuring beam 106 will
now be described.

[0171] The measuring beam 106 split by the photocou-
pler 131-1 is caused to be incident on the photocoupler
131-3 through the single mode fiber 130-3, and then guid-
ed to a lens 135-3 through the single mode fiber 130-4
and adjusted so as to give a parallel beam having a beam
diameter of 4 mm.

[0172] The measuring beam further passes through
the dispersion compensation glass 115-3 and the varia-
ble beam expander 136 and then is caused to be incident
on the mirror of the XY scanner 119. An optical system
between the XY scanner 119 and the eye 107 is the same
asinExample 1, and sothe description thereof is omitted.
[0173] Here, the dispersion compensation glass 115-3
compensates dispersion of the acoustooptic modulator
133-1.

[0174] The measuring beam 106 goes to and comes
back from the dispersion compensation glass 115-3
herein, so that the thickness of the dispersion compen-
sation glass 115-3 is a half of the thickness of the glass
in the acoustooptic modulator 133-1. When the measur-
ing beam 106 is incident on the eye 107, it becomes the
return beam 108 by reflection or scattering from the retina
127.

[0175] The return beam 108 is further guided to the
photocoupler 131-2 through the photocoupler 131-3.
[0176] The construction of the measuring system in
the OCT apparatus in this Example willnow be described.
[0177] The OCT apparatus 200 can acquire a tomo-
graphic image (OCT image) formed from the intensity of
interference signals by the Mach-Zehnder interference
system.

[0178] The measuring system thereof is described.
The return beam 108-2, one return beam of the return
beam 108 that is a beam reflected or scattered by the
retina 127, is combined with the reference beam 105 by
the photocoupler 131-2 and further split to 50:50.
[0179] Thesplitbeams are then guided tothe balanced
detector 122 through the single mode fibers 130-8 and
130-9.

[0180] The intensity of the combined beam of the ref-
erence beam 105 and the returnbeam 108-2is converted
to voltage. The resultant voltage signal is amplified by
the amplifier 123, a necessary frequency component is
taken out through the filter 124, and demodulation and
data processing are conducted by the personal computer
125 to form a tomographic image.

[0181] The otherreturn beam 108-1 of the return beam
108 described above passes through the photocoupler
131-1 and is guided to the detector 138 through the op-
tical fiber 130-10.

[0182] Thedetector 138 is electrically connected to the
personal computer 125 like the interference signal to en-

10

15

20

25

30

35

40

45

50

55

10

ables recording and displaying the intensity of the return
beam 108-1. The signal obtained by the detector 138 is
an intensity signal of the return beam 108-1 by the re-
flection or scattering on the retina 127, and this signal
does not have depth resolution unlike the interference
signal.

[0183] The method for acquiring a tomographic image
using the OCT apparatus of this Example will now be
described.

[0184] The OCT apparatus 200 is capable of acquiring
a tomographic image of a desired site of the retina 127
by controlling two electric stages 117-1 and 117-2 and
the XY scanner 119. Details of the method for acquiring
the tomographic image are the same as in Example 1,
and so the description thereof is omitted.

[0185] The adjusting method before acquiring the to-
mographic image, which is a feature of the present in-
vention, is also the same as in Example 1, and so the
description thereof is omitted.

(Example 3: Beam diameter adjustment based on pupil
diameter)

[0186] In this Example, after the adjusting method be-
fore acquiring the tomographic image in Example 1 or 2
in the construction of the OCT apparatus in Example 1
or2is conducted, abeam diameter is adjusted and meas-
ured at the time of taking a tomographic image. A tomo-
graphic image having high contract can be thereby ac-
quired regardless of the optical characteristics (mainly,
aberration such as astigmatism) of individual eyes to be
inspected.

[0187] This Example is described with reference to
FIG. 6A.FIG. 6Ais a flow diagram illustrating adjustment
of a beam diameter. In the adjusting method of this Ex-
ample, the following steps may be continuously conduct-
ed. However, the present invention is not limited thereto.
Alternatively, it may be so constructed that the following
steps are automatically conducted by using a computer.
[0188] First, in afirst step, the variable beam expander
136 as a beam adjusting unit is adjusted to adjust the
beam diameter of the measuring beam 106 to the pupil
diameter of an eye to be inspected (Step 301). Here, the
beam diameter of the measuring beam 106 is determined
so as to be the same as or smaller than the pupil diameter.
It is hence necessary to acquire signal intensity at the
moment when the beam diameter of the measuring beam
106 conforms to the pupil diameter for determining the
beam diameter of the measuring beam 106. Thus, it is
not necessary to completely fit the beam diameter to the
pupil diameter, anditis only necessary to adjustthe beam
diameter equally to or larger than the pupil diameter (Step
302). Itis thereby possible to acquire the signal intensity
at the momentwhen the beam diameter of the measuring
beam 106 conforms to the pupil diameter. The beam di-
ameter may be adjusted by measuring the pupil diameter
in advance and fitting the beam diameter to that diameter.
Alternatively, the pupil and the beam diameter are mon-
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itored upon measurement to adjust the beam diameter
such that the beam diameter is equal to or larger than
the pupil diameter. For example, when the pupil diameter
of an eye to be inspected is 5 mm, the beam diameter of
the measuring beam can be selected to be 5 mm, 5.5
mm or the like. When the pupil diameter of an eye to be
inspected is 6 mm, the beam diameter of the measuring
beam can be selected to be 6 mm, 6.5 mm or the like.
[0189] The return beam 108-1 that has been caused
to be incident on the eye to be inspected and reflected
or scattered by the retina 127 is caused to optically in-
terfere with the reference beam 105, and the signal in-
tensity thereof is detected by the balanced detector 122
(Step 303). The signal intensity is a time average value
of signal intensities acquired with a single beam diame-
ter.

[0190] Thebeamdiameterisgradually decreased from
the pupil diameter or a diameter larger than the pupil
diameter (Step 304) to detect the signal intensity of a
coherent beam by the balanced detector 122 (Step 305).
At that time, the signal intensity may also be displayed
as a graph or a two-dimensional image (Step 306), since
it is information depending on the beam diameter.
[0191] Then, in a second step, a beam diameter with
maximum signal intensity is found from the information
of the beam diameter and signal intensity, which has
been acquired in the first step (Step 307).

[0192] Then, in a third step, the variable beam expand-
er 136 is adjusted so as to give the beam diameter found
in the second step. At that time, the beam diameter is
not limited to the beam diameter at which the signal in-
tensity becomes maximum, and it is only necessary for
the beam diameter to fall within a region in the vicinity of
the point where the signal intensity becomes maximum,
and in which the same effect is achieved.

[0193] The method for acquiring a tomographic image
using the OCT apparatus of this Example overlaps with
the method described in Example 1, and so the descrip-
tion thereof is omitted.

(Example 4: Beam condition varying portion)

[0194] In Example 4, measurement is conducted by
adjusting not only the beam diameter but also the beam
form and the position of a beam passing through above
the pupil of an eye to be inspected compared with Ex-
ample 3.

[0195] The construction ofthe OCT apparatus, and the
adjusting method before acquisition are the same as in
Examples 1, 2 and 3, and so the description thereof is
omitted.

[0196] In this Example, however, an aperture varying
device is provided as a beam condition varying portion
in place of the variable beam expander 136 in FIGS. 1,
2A and 2C.

[0197] In FIG. 8A, the aperture varying device (beam
condition varying portion) 236 is arranged at the position
of the beam expander that is the beam adjusting unit in
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Example 1 or 2.

[0198] The aperture varying device in this Example is
described with reference to FIGS. 8A to 8C.

[0199] In FIG. 8B, are illustrated the aperture varying
device 236, a disc 251 having a plurality of apertures, a
stepping motor 252 for rotating the disc 251 to vary an
aperture positioned on an optical path 106, a photo de-
tector 253 for detecting the light quantity of a beam after
passing through the aperture, a half mirror 254 for guiding
a part of the beam after passing through the aperture to
the photo detector 253, and a shutter 255 movable in the
directions of the arrow so as to suitably shut off the beam
going toward an eye to be inspected.

[0200] Asillustrated in FIG. 8C, openings that are ap-
ertures provided in the disc 251 at equal distances from
the center and at equal intervals are so formed that an
aperture can be selected by rotating the disc in the di-
rection of the arrow in the drawing. Incidentally, the types
and arrangements of the apertures in FIG. 8C are typical
ones, and they are not limited thereto. Although the disc
form has been described, such a constitution that selec-
tion can be made by sliding movement is also applicable.
Moreover, when the number of the apertures is small,
such a constitution that a member for controlling an ap-
erture with respect to a reference aperture can be pro-
vided and removed is also applicable.

[0201] Alightquantity passing through anaperture var-
ies according to a difference in opening area for the re-
spective apertures, and a light quantity outputted from
the light source 101 is suitably adjusted according to the
aperture based on the light quantity detected in the photo
detector 253. Alternatively, a concentration filter, which
can adjust the light quantity, is inserted into an optical
path arriving at the eye to be inspected, and the concen-
tration filter is adjusted to make constant the light quantity
of the beam going toward the eye to be inspected.
[0202] The apertures provided in the aperture varying
device are described with reference to FIGS. 9A to 9L.
In each drawing, a broken line BD indicates a beam di-
ameter before passing through the aperture, and an AP
indicated by a blank area is an opening and indicates
that a beam passes through the blank area.

[0203] The apertures illustrated in FIGS. 9A and 9B
vary the size of a beam diameter and have the same
effect as in Example 3. The diameters of the apertures
were set to 4 mm for FIG. 9A and 2 mm for FIG. 9B.
[0204] The aperture illustrated in FIG. 9C is a ring ap-
erture adapted for causing only a outer peripheral portion
of a beam to pass through, and imaging may be well
conducted in some cases compared with FIG. 9B when
spherical aberration is present in an eye to be inspected.
This ring was set to 4 mm in outer diameter and 2 mm in
inner diameter.

[0205] The apertures illustrated in FIGS. 9D to 9G are
adapted for varying a position of a beam passing through
on the pupil of an eye to be inspected. This is effective
foran eye to be inspected whose transmittance is partially
varied, such as cataract, in addition to the aberration of
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the eye. For example, when the transmittance of only a
central part is poor, the ring aperture in FIG. 9C shuts off
a center of a measuring beam, and the measuring beam
passes through the peripheral part relatively good in
transmittance, whereby the measuring beam arrives at
the eyeground, and at the same time reflection on the
part poor in transmittance is inhibited, and so it can be
prevented that stray beam enters the return beam. When
the part poor in transmittance is present at another po-
sition asymmetric to an optical axis than a center, the
apertures in FIGS. 9D to 9G are successively varied,
whereby a part good in transmittance can be irradiated
with the measuring beam. The opening diameter in each
of FIGS. 9D to 9G was set to 2 mm.

[0206] The apertures illustrated in FIGS. 9H to 9K are
apertures having a slit form and effective in the case
where an eye to be inspected has astigmatism. The rea-
son why the angle of the slit is varied is that the slit is
fitted to the direction of astigmatism. This slit form was
setto 4 mm in length and 1 mm in width.

[0207] Theapertureillustratedin FIG. 9L is an aperture
having a combined opening of a slit and a ring and ef-
fective for an eye to be inspected having astigmatism
and spherical aberration. The aperture whose angle is
varied is the same as in FIGS. 9H to 9K, and so the
illustration thereof is omitted.

[0208] The above-described apertures are mere ex-
amples, and the aperture varying device may be
equipped with more kinds of apertures. For example, it
is favorable that the type of the opening for adjusting the
size of the beam diameter is increased, and a circular
opening having a diameter of 1 mm is provided. Itis also
favorable that the radial position of the ring aperture and
the type of the opening width of the slit are increased.
[0209] The best aperture is selected from among the
above-described apertures according to the eye to be
inspected to conduct imaging. A process therefor is de-
scribed with reference to FIG. 6B.

[0210] First, the aperture varying device 236 is set to
an initial condition (Step 311). Specifically, it is set to the
circular large aperture of FIG. 9C. The shutter 255 is kept
in a state where a beam is shut off so as not to go toward
the eye to be inspected.

[0211] Then, a light quantity after passed through the
aperture is by the photo detector 253 (described as PD1
in FIG. 6B) (Step 312). Whether it is a reference value
or not is determined (Step 313). When the light quantity
is of the reference value, the shutter is opened to guide
the beam to the eye to be inspected. When the light quan-
tity is out of the reference value, the above-described
light quantity adjustment is conducted (Step 315).
[0212] Then, the beam is caused to be incident on the
eye to be inspected, a return beam 108-1 reflected or
scattered on the retina 127 is caused to optically interfere
with areference beam 105, and the signalintensity there-
of is detected by the balanced detector 122 (Step 316).
Whether the signal intensity effective for imaging is not
lower than the set value or not is determined (Step 317).
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When the signal intensity value is not smaller than the
setvalue, animaging stepis conducted (Step 318). When
the signal intensity value is smaller than the set value,
whether the signal intensity value is larger than the mem-
orized value or not is determined (Step 319).

[0213] Here, the memorized value is zero in the initial
condition. When the measured value of the signal inten-
sity is larger than the memorized value, the signal inten-
sity at this time is regarded as a memorized value to
memorize or rewrite the light quantity setting and the ap-
erture type (Step 320). With respect to the aperture type,
the rotational angle of the disc 251 may be memorized.
When the measured value of the signal intensity is not
larger than the memorized value, the shutter is closed
without going though Step 320 to shut off the beam going
toward the eye to be inspected (Step 321).

[0214] Then, whether the aperture is varied to the last
type or not is confirmed (Step 322). When an aperture
to be selected is left, the stepping motor 252 is caused
to rotate so as to select the next aperture (Step 323).
Then, going back to Step 312 to measure PD1 light quan-
tity, the process is repeated. When the aperture is varied
to the last type, the light quantity and the aperture type
are set to memorized ones (Step 324).

[0215] When a signal intensity not less than the set
value is obtained by going through the above-described
process, imaging can be conducted with the aperture at
that time. When it is less than the set value, imaging can
be conducted by setting the aperture and the light quan-
tity to those with a maximum signal intensity. In other
words, a tomographic image of an eyeground of an eye
to be inspected can be obtained in the best condition
according to the condition of the eye to be inspected.
[0216] The method for acquiring a tomographic image
using the OCT apparatus in this Example overlaps with
the method described in Example 1, and so the descrip-
tion thereof is omitted. Although this Example has been
described as the apparatus having the step of automat-
ically selecting the aperture, it may be so constructed
that the aperture can be freely varied by displaying the
signal intensity to an inspector by an indicator on a
screen. It is not always necessary to vary all apertures
to all subjects. When the condition of an eye to be in-
spected has been known in advance (for example, the
condition of astigmatism has been discovered), aper-
tures to be varied are limited, whereby the time required
of imaging may be shortened. Although such a construc-
tion that the apertures are arranged on the disc to select
them by rotating the disc has been described, such a
construction that separately provided apertures are se-
lected and inserted into an optical path, thereby varying
the aperture may also be employed.

[0217] While the presentinvention 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 but by the scope of the following
claims.



23 EP 2 277 028 B1 24

Claims

An optical coherence tomographic imaging appara-
tus, in which light from a low coherent light source
(11, 101) is split into a measuring beam (13, 106)
and a reference beam (15, 105), the measuring
beam is guided to an inspection object (12, 107), and
areturnbeam (108) of the measuringbeam (13, 106)
reflected or scattered by the inspection object (12,
107) and the reference beam (15, 105) reflected by
a reference portion (14, 114-1 to 114-5) are used to
image a tomographic image of the inspection object
(12, 107), the apparatus comprising

the low coherent light source (11, 101);

a splitting portion (23, 103-1) for splitting light from
the low coherent light source (11, 101) into the meas-
uring beam (13, 106) and the reference beam (15,
105);

areturn beam splitting unit (103-3, 131-3) for splitting
the return beam (108) into a first return beam (108-1)
and a second return beam (108-2);

a first detection unit (19, 138) for detecting an inten-
sity of the first return beam (108-1) from the return
beam splitting unit (103-3, 131-3);

a beam diameter adjusting unit (21, 136, 236) for
adjusting a beam diameter of the measuring beam
(13, 106) from a first beam diameter (25) to a second
beam diameter (26) larger than the first beam diam-
eter (25);

a condensing position adjusting unit (22, 117-2) for
adjusting a condensing position of the measuring
beam (13, 106) on the inspection object (12, 107)
with the beam diameter of the measuring beam (13,
106) adjusted by the beam diameter adjusting unit
(21, 136, 236) based on the detected intensity of the
first return beam (108) by the first detection unit (19,
138);

a second detection unit (18, 122) for detecting the
intensity of a combined beam (17) obtained by com-
bining the second return beam (108-8) from the re-
turn beam splitting unit (103-3, 131-3) with the re-
flected beam of the reference beam (105) reflected
by the reference portion (14, 114-1 to 114-5);

an optical path length adjusting unit (117-1) for ad-
justing an optical path length of the reference beam
(15, 105) with an optical path length of the measuring
beam (13, 106) adjusted by the condensing position
adjusting unit (22,117-2) based on the detected in-
tensity of the combined beam (17) by the second
detection unit (18, 122).

The optical coherence tomographic imaging appa-
ratus according to claim 1, further comprising a unit
for reporting that the first or second return beam
(108-1;108-2) does not get at an intensity necessary
to be detected by the first or second detection unit
(19,138;18,122).
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3.

The optical coherence tomographic imaging appa-
ratus according to any one of claims 1 to 2, wherein
at least one optical path of an optical path guiding
the light from the low coherent light source (11,101)
to an optical path at which the light is split into the
measuring beam (106) and the reference beam
(105), an optical path (130-3) guiding the measuring
beam (106) to the inspection object (107) and an
optical path (130-2) guiding the reference beam
(105) to the reference portion (114-1,114-2) is con-
structed by an optical fibber.

The optical coherence tomographic imaging appa-
ratus according to any one of claims 1 to 3, further
comprising a beam condition varying portion (236)
for varying a beam condition of the measuring beam
(106), wherein the beam condition which is varied
includes the beam condition of the second beam di-
ameter (26), and the beam condition is at least one
of a form and a position in a plane which is perpen-
dicular to optical axis direction of the measuring
beam (106),

whereby the intensity of the return beam (108) is
detected for every beam condition varied by the
beam condition varying portion (236), and the com-
bined beam obtained by using the measuring beam
having the beam condition selected based on the
intensity detected is detected by the second detec-
tion unit (18, 122).

The optical coherence tomographic imaging appa-
ratus according to claim 4, wherein the beam condi-
tion varying portion (236) comprises a plurality of
lenses for forming the beam condition of the meas-
uring beam by incidence of the measuring beam and
is so constructed that the beam condition is varied
by causing the measuring beam (106) to be incident
on different lenses.

The optical coherence tomographic imaging appa-
ratus according to claim 4 or 5, wherein the beam
condition varying portion (236) comprises a disc
(251) arranged perpendicularly to the optical axis di-
rection and a plurality of openings provided in the
disc and is so constructed that the measuring beam
(106) is selectively incident on any of the openings
by rotating the disc.

An optical coherence tomographic imaging method
in an optical coherence tomographic imaging appa-
ratus, in which light from a low coherent light source
(11, 101) is split into a measuring beam (13, 106)
and a reference beam (15, 105), the measuring
beam is guided to an inspection object (12, 107), and
areturn beam (108) of the measuring beam (13, 106)
reflected or scattered by the inspection object (12,
107) and the reference beam (15, 105) reflected by
a reference portion (14, 114-1 to 114-5) are used to
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image a tomographic image of the inspection object
(12, 107), the method comprising

afirst step of adjusting a beam diameter of the meas-
uring beam (13, 106) to a first beam diameter (25)
using a beam diameter adjusting unit (21, 136, 236)
before tomographic imaging, detecting by a first de-
tection unit (19, 138) an intensity of a first return
beam (108-1) of first and second return beams
(108-1, 108-2) split by a return beam splitting unit
(103-3) for splitting the return beam (108), and ad-
justing a condensing position adjusting unit (22,
117-2) for condensing the measuring beam (13, 106)
ontheinspection object (12, 107) based on the beam
intensity detected by the first detection unit (19, 138);
a second step of detecting, by a second detection
unit (18, 122), an intensity of a combined beam (17)
obtained by combining the second return beam
(108-2) split by the return beam splitting unit (103-3)
with the reflected beam of the reference beam (15,
105) reflected by the reference portion (14, 114-1 to
114-5) with a position of the condensing position ad-
justing unit (22, 117-2) adjusted in the first step, and
adjusting an optical path length of the reference
beam (15, 105) by an optical path length adjusting
unit (117-1), such that the optical path lengths of the
reference beam (15, 105) and the measuring beam
(13, 106) are substantially equal, and recording the
position of the optical path length of the reference
beam (15, 105) adjusted by an optical path length
adjusting unit (117-1);

a third step of adjusting the beam diameter of the
measuring beam (13, 106) to a second beam diam-
eter (26) larger than the first beam diameter (25) in
the first step using the beam diameter adjusting unit
(21, 136, 236), detecting the intensity of the first re-
turnbeam (108-1) by the first detection unit (19, 138),
and adjusting the condensing position adjusting unit
(22, 117-2) for condensing the measuring beam (13,
106) on the inspection object (12, 107) based on the
detected beam intensity, and

a fourth step of detecting the intensity of the com-
bined beam (17) by the second detection unit (18,
122) with the state of the condensing position ad-
justing unit adjusted in the third step, and adjusting
the optical path length of the reference beam (15,
105) by the optical path length adjusting unit (117-1),
such that the optical path lengths of the reference
beam (15, 105) and the measuring beam (13, 106)
are substantially equal,

[claim 7 continued]

and wherein the optical path length of the reference
beam (15, 105) is adjusted by using the recorded
position of the optical path length adjusted by the
optical path length adjusting unit (117-1) as a refer-
ence.

A computer program adapted to operate the optical
coherence tomographic apparatus according to any
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one of claims 1-6 with a computer to perform the
optical coherence tomographic imaging method ac-
cording to claim 7.

9. A storage medium readable by a computer, storing
the computer program according to claim 8.

Patentanspriiche

1. Optische Kohéarenztomographieabbildungsvorrich-

tung, in der Licht von einer niedrig koharenten Licht-
quelle (11, 101) in einen Messstrahl (13, 106) und
einen Referenzstrahl (15, 105) aufgeteilt wird, wobei
der Messstrahl zu einem Untersuchungsobjekt (12,
107) geleitet wird, und ein rickkehrender Strahl
(108) des Messstrahls (13, 106), der durch das Un-
tersuchungsobijekt (12, 107) reflektiert oder gestreut
wurde, und der Referenzstrahl (15, 105), der durch
einen Referenzabschnitt (14, 114-1 bis 114-5) re-
flektiert wurde, verwendet werden, um ein tomogra-
phisches Bild des Untersuchungsobijekts (12, 107)
abzubilden, wobei der Apparat aufweist:

die niedrig koharente Lichtquelle (11, 101);
einen Aufteilabschnitt (23, 103-1) zum Aufteilen
von Licht von der niedrig koharenten Lichtquelle
(11, 101) in den Messstrahl (13, 106) und den
Referenzstrahl (15, 105);

eine Rickkehrstrahlaufteileinheit (103-3, 131-3)
zum Aufteilen des riickkehrenden Strahls (108)
in einen ersten riickkehrenden Strahl (108-1)
und einen zweiten rickkehrenden Strahl
(108-2);

eine erste Erfassungseinheit (19, 138) zum Er-
fassen einer Intensitat des ersten rickkehren-
den Strahls (108-1) von der Rickkehrstrahlauf-
teileinheit (103-3, 131-3);

eine Strahldurchmesseranpasseinheit (21, 136,
236) zum Anpassen eines Strahldurchmessers
des Messstrahls (13, 106) von einem ersten
Strahldurchmesser (25) zu einem zweiten
Strahldurchmesser (26), der grofRer als der erste
Strahldurchmesser (25) ist;

eine Kondensationspositionsanpasseinheit (22,
117-2) zum Anpassen einer Kondensationspo-
sition des Messstrahls (13, 106) auf dem Unter-
suchungsobjekt (12, 107) mit dem Strahldurch-
messer des Messstrahls (13, 106), derdurch die
Strahldurchmesseranpasseinheit (21, 136, 236)
basierend auf der durch die erste Erfassungs-
einheit (19, 138) erfassten Intensitét des ersten
rickkehrenden Strahls (108) angepasst wurde;
eine zweite Erfassungseinheit (18, 122) zum Er-
fassen der Intensitat eines kombinierten Strahls
(17), der durch Kombinieren des zweiten riick-
kehrenden Strahls (108-8) von der Rick-
kehrstrahlaufteileinheit (103-3, 131-3) mit dem
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reflektierten Strahl des Referenzstrahls (105),
der durch den Referenzabschnitt (14, 114-1 bis
114-5) reflektiert wurde, erhalten wurde;

eine optische Pfadlangenanpasseinheit (117-1)
zum Anpassen einer optischen Pfadlédnge des
Referenzstrahls (15, 105) an eine optische
Pfadlange des Messstrahls (13, 106), die durch
die Kondensationspositionsanpasseinheit (22,
117-2) basierend auf der durch die zweite Er-
fassungseinheit (18, 122) erfassten Intensitat
des kombinierten Strahls (17) angepasst wurde.

Optische Koharenztomographieabbildungsvorrich-
tung nach Anspruch 1, ferner mit einer Einheit zum
Berichten, dass der erste oder zweite riickkehrende
Strahl (108-1; 108-2) keine Intensitat erhalt, die nétig
ist, um durch die erste oder zweite Erfassungseinheit
(19, 138; 18, 122) erfasst zu werden.

Optische Koharenztomographieabbildungsvorrich-
tung nach einem der Anspriiche 1 bis 2, wobei zu-
mindest ein optischer Pfad von einem optischen
Pfad, der das Licht von der niedrig koharenten Licht-
quelle (11, 101) zu einem optischen Pfad leitet, bei
dem das Licht in den Messstrahl (106) und den Re-
ferenzstrahl (105) aufgeteilt wird, ein optischer Pfad
(130-3), der den Messstrahl (106) zu dem Untersu-
chungsobjekt (107) leitet, und ein optischer Pfad
(130-2), der den Referenzstrahl (105) zu dem Refe-
renzabschnitt (114-1, 114-2) leitet, durch eine opti-
sche Fiber konstruiert ist.

Optische Koharenztomographieabbildungsvorrich-
tung nach einem der Anspriiche 1 bis 3, ferner mit
einem Strahlzustandsvariierungsabschnitt  (236)
zum Variieren eines Strahlzustands des Messstrahls
(106), wobei der Strahlzustand, der variiert wird, den
Strahlzustand des zweiten Strahldurchmessers (26)
und den Strahlzustand von zumindest einem einer
Form und einer Position in einer Ebene, die senk-
recht zu der optischen Achsenrichtung des Mess-
strahls (106) ist, enthalt,

wobei die Intensitat des riickkehrenden Strahls (108)
fur jeden Strahlzustand, der durch den Strahlzu-
standsvariierungsabschnitt (236) variiert wird, er-
fasst wird, und der kombinierte Strahl, der unter Ver-
wendung des Messstrahls mit dem Strahlzustand,
der basierend auf der durch die zweite Erfassungs-
einheit (18, 122) erfassten Intensitat ausgewahit
wird, erhalten wird.

Optische Koharenztomographieabbildungsvorrich-
tung nach Anspruch 4, wobei der Strahlzustandsva-
riierungsabschnitt (236) eine Vielzahl von Linsen
zum Bilden des Strahlzustands des Messstrahls
durch Einfallen des Messstrahls aufweist und so
konstruiert ist, dass der Strahlzustand dadurch va-
riiert wird, dass der Messstrahl (106) veranlasst wird,
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auf verschiedene Linsen einzufallen.

Optische Koharenztomographieabbildungsvorrich-
tung nach Anspruch 4 oder 5, wobei der Strahlzu-
standsvariierungsabschnitt (236) eine Scheibe
(251) aufweist, die senkrecht zu der optischen Ach-
senrichtung angebrachtistund eine Vielzahl von Off-
nungen in der Scheibe bereitgestellt sind, und die
so konstruiert ist, dass der Messstrahl (106) selektiv
auf eine der Offnungen durch Rotieren der Scheibe
einfallt.

Optisches Koharenztomographieabbildungsverfah-
ren in einer optischen Koharenztomographieabbil-
dungsvorrichtung, in der Licht von einer niedrig ko-
harenten Lichtquelle (11, 101) in einen Messstrahl
(13, 106) und einen Referenzstrahl (15, 105) aufge-
teilt wird, wobei der Messstrahl zu einem Untersu-
chungsobjekt (12, 107) geleitet wird und ein riick-
kehrender Strahl (108) des Messstrahls (13, 106),
der durch das Untersuchungsobijekt (12, 107) reflek-
tiert oder gestreut wurde, und der Referenzstrahl
(15, 105), der durch einen Referenzabschnitt (14,
114-1 bis 114-5) reflektiert wird, verwendet werden,
um ein tomographisches Bild des Untersuchungs-
objekts (12, 107) abzubilden, wobei das Verfahren
aufweist:

einen ersten Schritt des Anpassens eines
Strahldurchmessers des Messstrahls (13, 106)
auf einen ersten Strahldurchmesser (25) unter
Verwendung einer Strahldurchmesseranpass-
einheit (21, 136, 236) vor einem tomographi-
schen Abbilden, des Erfassens einer Intensitat
eines ersten riickkehrenden Strahls von ersten
und zweiten riickkehrenden Strahlen (108-1,
108-2), die durch eine Rickkehrstrahlaufteilein-
heit (103-3) zum Aufteilen des Riickkehrstrahls
(108) aufgeteilt werden, durch eine erste Erfas-
sungseinheit (19, 138), und Anpassen einer
Kondensationspositionsanpasseinheit (22,
117-2) zum Kondensieren des Messstrahls (13,
106) auf dem Untersuchungsobjekt (12, 107)
basierend auf der durch die erste Erfassungs-
einheit (19, 138) erfassten Strahlintensitat;

einen zweiten Schritt des Erfassens einer Inten-
sitateines kombinierten Strahls durch eine zwei-
te Erfassungseinheit (18, 122), wobei der kom-
binierte Strahl (17) durch Kombinieren des zwei-
ten rickkehrenden Strahls (108-2), der durch
die Ruckkehrstrahlaufteilungseinheit (103-3)
aufgeteiltist, mit dem reflektierten Strahl des Re-
ferenzstrahls (15, 105), der durch den Referenz-
abschnitt (14, 114-1 bis 114-5) reflektiert wurde,
wobei eine Position der Kondensationspositi-
onsanpasseinheit (22, 117-2) in dem ersten
Schritt angepasst ist, und Anpassen einer opti-
schen Pfadlange des Referenzstrahls (15, 105)
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durch eine optische Pfadldangenanpasseinheit
(117-1), sodass die optischen Pfadlangen des
Referenzstrahls (15, 105) und des Messstrahls
(13, 106) im Wesentlichen gleich sind, und Auf-
zeichnen der Position der optischen Pfadlange
des Referenzstrahls (15, 105), der durch eine
optische Pfadlangenanpasseinheit (117-1) an-
gepasst wurde;

einen dritten Schritt des Anpassens des Strahl-
durchmessers des Messstrahls (13, 106) auf ei-
nen zweiten Strahldurchmesser (26), der grofier
als der erste Strahldurchmesser (25) indem ers-
ten Schritt ist, unter Verwendung der Strahl-
durchmesseranpasseinheit (21, 136, 236) des
Erfassens der Intensitat des ersten riickkehren-
den Strahls (108-1) durch die erste Erfassungs-
einheit (19, 138) und des Anpassens der
Kondensationspositionsanpasseinheit (22,
117-2) zum Kondensieren des Messstrahls (13,
106) auf dem Untersuchungsobjekt (12, 107)
basierend auf der erfassten Strahlintensitat, und
ein vierter Schritt des Erfassens der Intensitat
des kombinierten Strahls (17) durch die zweite
Erfassungseinheit (18, 122) in dem Zustand, in
dem die Kondensationspositionsanpasseinheit
in dem dritten Schritt angepasst ist, und des An-
passens der optischen Pfadlange des Referenz-
strahls (15, 105) durch die optische Pfadlan-
genanpasseinheit (117-1), sodass die opti-
schen Pfadlangen des Referenzstrahls (15,
105) und des Messstrahls (13, 106) im Wesent-
lichen gleich sind, und

wobei die optische Pfadlange des Referenz-
strahls (15, 105) unter Verwendung der aufge-
zeichneten Position der optischen Pfadlange,
die durch die optische Pfadlangenanpassein-
heit (117-1) angepasst wurde, als einer Refe-
renz angepasst wird.

Computerprogramm, das angepasstist, die optische
Koharenztomographievorrichtung nach einem der
Anspriche 1 bis 6 mit einem Computer zu betreiben,
um das optische Kohdrenztomographieabbildungs-
verfahren nach Anspruch 7 durchzufihren.

Speichermedium, das durch einen Computer lesbar
ist, und das das Computerprogramm nach Anspruch
8 speichert.

Revendications

Appareil d’'imagerie tomographique a cohérence op-
tique, dans lequel la lumiére provenant d’une source
de lumiere faiblement cohérente (11, 101) est sépa-
rée en un faisceau de mesure (13, 106) et un fais-
ceau de référence (15, 105), le faisceau de mesure
est guidé vers un objet inspecté (12, 107) et un fais-
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ceau de retour (108) du faisceau de mesure (13,
106) réfléchi ou diffusé par I'objet inspecté (12, 107)
et le faisceau de référence (15, 105) réfléchi par une
partie de référence (14, 114-1 a 114-5) sont utilisés
pour former une image tomographique de 'objet ins-
pecté (12, 107), 'appareil comprenant :

la source de lumiére faiblement cohérente (11,
101) ;

une partie de séparation (23, 103-1) pour sépa-
rer la lumiere provenant de la source de lumiére
faiblement cohérente (1, 101) en le faisceau de
mesure (13, 106) et le faisceau de référence (15,
105) ;

une unité de séparation de faisceau de retour
(103-3, 131-3) pour séparer le faisceau de retour
(108) en un premier faisceau de retour (108-1)
et un deuxieme faisceau de retour (108-2) ;
une premiéere unité de détection (19, 138) pour
détecter une intensité du premier faisceau de
retour (108-1) provenantde I'unité de séparation
de faisceau de retour (103-3, 131-3) ;

une unité d’ajustement de diamétre de faisceau
(21, 136, 236) pour ajuster un diametre de fais-
ceau du faisceau de mesure (13, 106) d’un pre-
mier diametre de faisceau (25) a un deuxiéme
diameétre de faisceau (26) supérieur au premier
diameétre de faisceau (25) ;

une unité d’ajustement de position de conden-
sation (22, 117-2) pour ajuster une position de
condensation du faisceau de mesure (13, 106)
surl’objetinspecté (12, 107), le diametre de fais-
ceau du faisceau de mesure (13, 106) étant
ajusté par 'unité d’ajustement de diametre de
faisceau (21, 136, 236) sur la base de l'intensité
du premier faisceau de retour (108) détectée par
la premiére unité de détection (19, 138) ;

une deuxiéme unité de détection (18, 122) pour
détecter l'intensité d’un faisceau combiné (17)
obtenu en combinant le deuxiéme faisceau de
retour (108-8) provenantde I'unité de séparation
de faisceau de retour (103-3, 131-3) au faisceau
réfléchi du faisceau de référence (105) réfléchi
par la partie de référence (14, 114-1 a 114-5) ;
une unité d’ajustement de longueur de chemin
optique (117-1) pour ajuster une longueur de
chemin optique du faisceau de référence (15,
105), une longueur de chemin optique du fais-
ceau de mesure (13, 106) étant ajustée par la
partie d’ajustement de position de condensation
(22, 117-2) surla base de l'intensité du faisceau
combiné (17) détectée par la deuxiéme unité de
détection (18, 122).

Appareil d'imagerie tomographique a cohérence op-
tique selon la revendication 1, comprenant en outre
une unité pour signaler que le premier ou le deuxie-
me faisceau de retour (108-1 ; 108-2) n’atteint pas
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une intensité suffisante pour étre détecté par la pre-
miére ou la deuxiéme unité de détection (19, 138 ;
18, 122).

Appareil d’'imagerie tomographique a cohérence op-
tiqgue selon 'une quelconque des revendications 1
et 2, dans lequel au moins un chemin optique parmi
un chemin optique guidant la lumiére depuis la sour-
ce de lumiere faiblement cohérente (11, 101) vers
un chemin optique sur lequel la lumiére est séparée
en le faisceau de mesure (106) et le faisceau de
référence (150), un chemin optique (130-3) guidant
le faisceau de mesure (106) vers l'objet inspecté
(107) et un chemin optique (130-2) guidant le fais-
ceau de référence (105) vers la partie de référence
(114-1, 114-2), est réalisé par une fibre optique.

Appareil d’'imagerie tomographique a cohérence op-
tique selon I'une quelconque des revendications 1 a
3, comprenant en outre une partie de variation d’état
defaisceau (236) pourfaire varier un état de faisceau
du faisceau de mesure (106), dans lequel I'état de
faisceau qui est amené a varier comprend I'état de
faisceau du deuxiéme diameétre de faisceau (26), et
I'état de faisceau est au moins 'une d’une forme et
d’'une position dans un plan qui est perpendiculaire
aladirection de I'axe optique du faisceau de mesure
(106),

d’ou il résulte que I'intensité du faisceau de retour
(108) est detectée pour chaque état de faisceau
amené a varier par la partie de variation d’état de
faisceau (236), et le faisceau combiné obtenu en uti-
lisant le faisceau de mesure dont I'état de faisceau
est sélectionné sur la base de l'intensité détectée
est détecté par la deuxiéme unité de détection (18,
122).

Appareil d’'imagerie tomographique a cohérence op-
tique selon la revendication 4, dans lequel la partie
de variation d’état de faisceau (236) comprend une
pluralité de lentilles pour former I'état de faisceau du
faisceau de mesure par incidence du faisceau de
mesure et est réalisé de fagon que I'état de faisceau
soit amené a varier en faisant en sorte que le fais-
ceau de mesure (106) soit incident sur des lentilles
différentes.

Appareil d’'imagerie tomographique a cohérence op-
tiqgue selon la revendication 4 ou 5, dans lequel la
partie de variation d’état de faisceau (236) comprend
un disque (251) disposé perpendiculairement a la
direction de I'axe optique et une pluralité d’ouvertu-
res ménagées dans le disque et est réalisé de fagon
que le faisceau de mesure (106) soit sélectivement
incident sur 'une quelconque des ouvertures par mi-
se en rotation du disque.

Procédé d’imagerie tomographique a cohérence op-
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tique dans un appareil d’imagerie tomographique a
cohérence optique, dans lequel lalumiére provenant
d’une source de lumiére faiblement cohérente (11,
101) est séparée en un faisceau de mesure (13, 106)
et un faisceau de référence (15, 105), le faisceau de
mesure est guidé vers un objet inspecté (12, 107),
etunfaisceau de retour (108) du faisceau de mesure
(13, 106) réfléchi ou diffusé par I'objet inspecté (12,
107) et le faisceau de référence (15, 105) réfléchi
par une partie de référence (14, 114-1 a 114-5) sont
utilisés pour former une image tomographique de
I'objet inspecté (12, 107), le procédé comprenant :

une premiére étape consistant a ajuster un dia-
métre de faisceau du faisceau de mesure (13,
106) a un premier diamétre de faisceau (25) en
utilisant une unité d’ajustement de diameétre de
faisceau (21, 136, 236) avantla formation d’ima-
ge tomographique, détecter, au moyen d’une
premiére unité de détection (19, 138), une in-
tensité d’'un premier faisceau de retour (108-1)
de premier et deuxiéme faisceaux de retour
(108-1, 108-2) séparés par une unité de sépa-
ration de faisceau de retour (103-3) pour séparer
le faisceau de retour (108), et ajuster une unité
d’ajustement de position de condensation (22,
117-2) pour condenser le faisceau de mesure
(13, 106) sur I'objet inspecté (12, 107) sur la
base de l'intensité de faisceau détectée par la
premiére unité de détection (19, 138) ;

une deuxiéme étape consistant a détecter, au
moyen d’'une deuxiéme unité de détection (18,
122), une intensité d’un faisceau combiné (17)
obtenu en combinant le deuxiéme faisceau de
retour (108-2) séparé par I'unité de séparation
de faisceau de retour (103-3) au faisceau réflé-
chi du faisceau de référence (15, 105) réfléchi
par la partie de référence (14, 114-1 a 114-5),
une position de la partie d’ajustement de posi-
tion de condensation (22, 117-2) étant ajustée
lors de la premiére étape, et ajuster une lon-
gueur de chemin optique du faisceau de refé-
rence (15, 105) au moyen d’une unité d’ajuste-
ment de position de condensation (117-1), de
fagon que les longueurs de chemin optique du
faisceau de référence (15, 105) et du faisceau
de mesure (13, 106) soient sensiblement éga-
les, et enregistrer la position de la longueur de
chemin optique du faisceau de référence (15,
105) ajustée par une unité d’ajustement de lon-
gueur de chemin optique (117-1) ;

une troisieme étape consistant a ajuster le dia-
métre de faisceau du faisceau de mesure (13,
106) a un deuxieme diametre de faisceau (26)
supérieur au premier diametre de faisceau (25)
lors de la premiére étape en utilisant I'unité
d’ajustement de diameétre de faisceau (21, 136,
236), détecter l'intensité du premier faisceau de
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retour (108-1) au moyen de la premiére unité de

détection (19, 138), et ajuster I'unité d’ajuste-

ment de position de condensation (22, 117-2)

pour condenser le faisceau de mesure (13, 106)

sur 'objet inspecté (12, 107) sur la base de I'in- 5

tensité de faisceau détectée, et

une quatrieme étape consistant a détecter I'in-

tensité du faisceau combiné (17) au moyen de

la deuxieme unité de détection (18, 122), I'état

de l'unité d’ajustement de position de conden- 70

sation étant ajusté lors de la troisieme étape, et

ajuster la longueur de chemin optique du fais-

ceau de référence (15, 105) au moyen de l'unité

d’ajustement de longueur de chemin optique

(117-1), de fagon que les longueurs de chemin 15

optique du faisceau de référence (15, 105) et du

faisceau de mesure (13, 106) soient sensible-

ment égales,

etdans lequel la longueur de chemin optique du

faisceau de référence (15, 105) est ajustée en 20

utilisant la position enregistrée de la longueur

de chemin optique ajustée par l'unité d’ajuste-

ment de longueur de chemin optique (117-1) en

tant que référence.

25

Programme d’ordinateur apte a faire fonctionner
I'appareil tomographique a cohérence optique selon
'une quelconque des revendications 1-6 sur un or-
dinateur pour mettre en oeuvre le procédé d’'image-
rie tomographique a cohérence optique selon lare- 30
vendication 7.

Support de stockage lisible par ordinateur, stockant

le programme d’ordinateur selon la revendication 8.
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FIG. 3A
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