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Description

[Technical Field]

[0001] The present invention relates to an optical tomographic imaging apparatus. More particularly, the present
invention relates to an optical tomographic imaging apparatus for capturing tomographic images used for ophthalmologic
examinations.

[Background Art]

[0002] Optical coherence tomography (OCT) using the multiple-wavelength optical interference is a method for ob-
taining a high-resolution tomographic image of a sample (particularly, the fundus). Hereinafter, an apparatus for capturing
a tomographic image by using OCT is referred to as OCT apparatus.
[0003] In recent years, OCT apparatuses for ophthalmology have attempted to acquire a functional OCT image for
imaging the optical characteristics and movement of the fundus tissue in addition to an ordinary OCT image for imaging
the shape of the fundus tissue. A polarization OCT apparatus, one type of the above-mentioned functional OCT apparatus,
performs imaging by using polarization parameters (retardation and orientation) which are optical characteristics of the
fundus tissue. By using polarization parameters, the polarization OCT apparatus can form a polarization OCT image
and make a distinction or perform segmentation of the fundus tissue. The polarization OCT apparatus uses a circularly-
polarized beam or polarization-modulated beam as a measuring beam for observing a sample, and splits an interference
beam into two orthogonal linearly-polarized beams.
[0004] A technique for acquiring a high-resolution polarization OCT image by using a polarization OCT apparatus
having two spectroscopes and a wide-wavelength light source is discussed in Non Patent Literature 1. This technique
renders a tomographic image in which the retinal pigment epithelium layer is distinguished from the fundus tissue by
using acquired polarization parameters. It is known that depolarization (randomization of polarization) takes place in the
retinal pigment epithelium layer. The polarization OCT apparatus uses two different diffraction gratings for two interference
beams having different polarization directions (orthogonal linearly-polarized beams).
[0005] A polarization OCT apparatus for detecting two interference beams by inputting two interference beams having
different polarization directions to one spectroscope is discussed in Non Patent Literature 2. Thus, the polarization OCT
apparatus can be downsized and control procedure can be simplified.
[0006] Generally, the diffraction efficiency of a diffraction grating, one type of spectroscopes, depends on the polari-
zation direction. Therefore, beams having different polarization directions differ in spectral characteristics at a diffraction
grating (incidence beam polarization directions with respect to the diffraction grating), resulting in different sensitivities
of the diffraction grating. Thus, the accuracy in polarization parameter calculation is affected.

[Citation List]

[0007] US 2008/0285043 A1, which forms the closest prior art document, describes an optical tomographic imaging
apparatus comprising:

- a splitting unit configured to split a combined beam into first and second beams having different polarization directions,
the combined beam being formed by combining a return beam from a object with a reference beam corresponding
to the measuring beam, the object being irradiated with the measuring beam;

- an adjustment unit configured to adjust the polarization directions of irradiation beams corresponding to the first and
second beams respectively to a first and a second diffraction grating respectively, wherein the diffraction gratings
are configured to split and diffract beams from the adjustment unit corresponding to the first and second beams
respectively;

- a detection unit configured to detect beams from the diffraction grating corresponding to the first and second beams
respectively; and

- an acquisition unit configured to acquire a tomographic image indicating polarization information of the object based
on outputs from the detection unit corresponding to the first and second beams respectively.

[0008] WO 2007/103115 describes a polarization manipulator comprising a hollow-core photonic-bandgap fibre which
is twisted along its longitudinal axis in order to control the polarization of light passing through it.

[Non Patent Literature]

[0009]
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[NPL 1]
"Polarization maintaining fiber based ultra-high resolution spectral domain polarization sensitive optical coherence
tomography" Opt. Express 17, 22704 (2009)
[NPL 2]
"Autocalibration of spectral-domain optical coherence tomography spectrometers for in vivo quantitative retinal nerve
fiber layer birefringence determination" J. Biomed. Opt., 12, 041205 (2007)

[Summary of Invention]

[0010] The present invention is directed to providing an optical tomographic imaging apparatus capable of acquiring
accurate polarization parameters with a simplified optical setup to acquire a polarization OCT image.
[0011] According to an aspect of the present invention, the optical tomographic imaging apparatus according to claim
1 is provided.
[0012] According to the present invention, the incidence beam polarization directions with respect to the diffraction
grating are aligned. Thus, an optical tomographic imaging apparatus capable of acquiring accurate polarization param-
eters with a simplified optical setup to acquire a polarization OCT image is achieved.
[0013] Further features and aspects of the present invention will become apparent from the following detailed descrip-
tion of exemplary embodiments with reference to the attached drawings.

[Brief Description of Drawings]

[0014] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the invention and, together with the description, serve to explain the
principles of the invention.

Fig. 1 illustrates a configuration of an OCT apparatus according to a first exemplary embodiment of the present
invention.
Fig. 2A illustrates a method for acquiring a tomographic image by the OCT apparatus according to the first exemplary
embodiment of the present invention.
Fig. 2B illustrates a method for acquiring a tomographic image by the OCT apparatus according to the first exemplary
embodiment of the present invention.
Fig. 2C illustrates a method for acquiring a tomographic image by the OCT apparatus according to the first exemplary
embodiment of the present invention.
Fig. 3 illustrates a detection system of an OCT apparatus according to a second exemplary embodiment, which
embodiment does not form part of the present invention.

[Description of Embodiments]

[0015] Various exemplary embodiments, features, and aspects of the invention will be described in detail below with
reference to the drawings.
[0016] An imaging apparatus according to the present exemplary embodiment will be described below with reference
to Fig. 1. Fig. 1 illustrates a configuration of an OCT apparatus 100 (particularly, a polarization OCT apparatus) according
to the present exemplary embodiment.
[0017] A return beam 108 comes from a object 107 irradiated with a beam based on a measuring beam 106 (a circularly-
polarized beam obtained after the measuring beam 106 passes through a lambda/4 plate 167-2 disposed with a 45-
degree inclination with respect to a measuring beam path) . The return beam 108 is combined with a beam based on a
reference beam 105 corresponding to the measuring beam 106 (a linearly-polarized beam obtained after the reference
beam 105 passes through a lambda/4 plate 167-1 disposed with a 22.5-degree inclination with respect to a reference
beam path) to form a combined beam 142 . The combined beam 142 is split into a first beam 175-1 and a second beam
175-2 having different polarization directions, by a splitting unit 136.
[0018] Then, the OCT apparatus 100 adjusts the polarization directions of irradiation beams to a diffraction grating
(for example, a light transmission type grating 141) respectively corresponding to the first beam 175-1 and the second
beam 175-2 having different polarization directions. For example, the OCT apparatus 100 adjusts a relative angle formed
between a light-emitting end of a first polarization maintaining fiber 134-5 and a light-emitting end of a second polarization
maintaining fiber 134-6. In this case, adjustment is made so that the incidence beam polarization directions with respect
to the diffraction grating 141) coincide with each other. When performing the above-mentioned adjustment, it is desirable
to irradiate the diffraction grating 141 with the first beam 175-1 and the second beam 175-2 with polarization directions
aligned.
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[0019] Then, the OCT apparatus 100 acquires a tomographic image (also referred to as polarization OCT image)
indicating polarization information of the object 107 based on the beams (from the diffraction grating 141 for splitting
and diffracting a beam from the above-mentioned adjustment unit) respectively corresponding to the first beam 175-1
and the second beam 175-2 having different polarization directions.
[0020] Thus, the polarization directions of incidence beams with respect to the diffraction grating 141 are aligned with
each other. Therefore, since the reduction in diffraction efficiency of the diffraction grating 141 due to the polarization
dependency can be prevented, accurate polarization parameters can be acquired to obtain a polarization OCT image
with a simplified optical setup.
[0021] It is desirable to provide a detection unit (for example, a line sensor 139) for detecting, in different detection
areas, beams (from the spectral unit 141) respectively corresponding to the first beam 175-1 and the second beam
175-2. Thus, the plurality of beams can be detected by the common detection unit 139. Thus, a tomographic image
indicating intensity information of the object 107 can be acquired based on outputs (from the detection areas of the
detection unit 139) respectively corresponding to the first beam 175-1 and the second beam 175-2.
[0022] Further, it is desirable to irradiate an irradiation position at the diffraction grating 141 for the beam from the
adjustment unit (for example, the light-emitting end of the first polarization maintaining fiber 134-5) corresponding to the
first beam 175-1 with the beam from the adjustment unit corresponding to the second beam 175-2. Thus, the OCT
apparatus 100 can be configured with one diffraction grating and therefore can be of smaller size than an apparatus
using two diffraction gratings.
[0023] A configuration implementing the present invention will be described below based on the following exemplary
embodiments.
[0024] In the first exemplary embodiment, the OCT apparatus 100 to which the present invention is applied will be
described below. In the present exemplary embodiment, the object 107 is irradiated with a circularly-polarized measuring
beam from a light source 101, and the return beam 108 based on the measuring beam 106 radiated onto the object 107
is combined with the reference beam 105 to produce an interference beam. Then, the interference beam is split into two
linearly-polarized beams and measured, thus forming an optical tomographic imaging apparatus capable of capturing
a polarization tomographic image of the object 107, i.e., a polarization OCT apparatus.
[0025] The OCT apparatus 100 inputs interference beams with aligned polarization directions with respect to the
diffraction grating 141 to optimize its diffraction efficiency, enabling the acquisition of more accurate polarization param-
eters.
[0026] An overall configuration of the OCT apparatus 100 according to the present exemplary embodiment will be
described below with reference to Fig. 1. As illustrated in Fig. 1, the OCT apparatus 100 according to the present
exemplary embodiment totally configures the Michelson interferometer and includes a number of optical paths formed
of polarization maintaining fibers capable of maintaining beam polarization direction.
[0027] Referring to Fig. 1, a beam emitted from the light source 101 passes through a polarization maintaining fiber
134-1, reaches an optical coupler 131, and then is split into the reference beam 105 and the measuring beam 106 in
an intensity ratio of 90:10 by the optical coupler 131. The measuring beam 106 passes through a polarization maintaining
fiber 134-4, a XY scanner 119, and lenses 120-1 and 120-2, and then is led to the subject’s eye 107 (sample under
observation).
[0028] The measuring beam 106 is reflected or scattered by the subject’s eye 107 (sample under observation) to
become the return beam 108. Then, the return beam 108 is combined with the reference beam 105 having passed
through the reference beam path by the optical coupler 131.
[0029] After the return beam 108 is combined with the reference beam 105, the resultant combined beam 142 is split
and diffracted for respective wavelengths by the light transmission type grating 141 and then input to the line camera
139. The line camera 139 converts optical intensity into a voltage for respective positions (wavelengths), and a personal
computer 125 uses resultant signals to form a tomographic image of the subject’s eye 107. Motor-driven stages 117-1
and 117-2 and the XY scanner 119 are controlled by the personal computer 125 via a driver unit 181.
[0030] Circumferences of the light source 101 will be described below. The light source 101 is a super luminescent
diode (SLD) which is a typical low-coherent light source having a wavelength of 830 nm and a bandwidth of 50 nm. The
bandwidth is an important parameter since it affects the resolution in the optical axis direction of the obtained tomographic
image. Although an SLD is selected as the light source 101 according to the present exemplary embodiment, the light
source 101 is not limited thereto, but may be any type of light source as long as it emits a low-coherent beam, for example,
an amplified spontaneous emission (ASE) light source. Further, in consideration of eye measurement, the wavelength
of the near-infrared ray is suitable. Further, since the wavelength affects the resolution in the horizontal direction of the
obtained tomographic image, it is desirable to use an as short wavelength as possible. In the present exemplary em-
bodiment, a wavelength of 830 nm is used. However, other wavelengths may be selected depending on the measuring
portion under observation.
[0031] The beam emitted from the beam source 101 passes through a single mode fiber 130, a polarization controller
153, a connector 154, and a polarization maintaining fiber 134-1, and then is led to the optical coupler 131. The polarization
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controller 153 plays a role of adjusting the polarization state of the emitted beam. In the present exemplary embodiment,
the polarization state is adjusted to linearly-polarized beams in the Y-axis direction (direction perpendicular to paper).
[0032] Optical paths of the reference beam 105 will be described below.
[0033] The reference beam 105 formed by the optical coupler 131 passes through a polarization maintaining fiber
134-2 and then is led to a lens 135-1. Then, the reference beam 105 is adjusted to become a parallel beam having a 1-
mm beam diameter by the lens 135-1. The reference beam 105 is a linearly-polarized beam in the Y-axis direction.
[0034] Then, the reference beam 105 passes through a lambda/4 plate 167-1 (also referred to as first change unit)
and a dispersion compensation glass 115 and then is led to a reference mirror 114. Since the optical pathlength for the
reference beam 105 is adjusted to become approximately the same as the optical pathlength for the measuring beam
106, the reference beam 105 can be caused to interfere with the measuring beam 106. Then, the reference beam 105
is reflected by the reference mirror 114 and then led again to the optical coupler 131.
[0035] The lambda/4 plate 167-1 is disposed so that its fast axis is inclined by 22.5 degrees with respect to the Y-axis
direction. The reference beam 105 passes through the lambda/4 plate 167-1 twice to become a linearly-polarized beam
inclined by 45 degrees with respect to the Y-axis direction. The linearly-polarized beam inclined by 45 degrees contains
a linearly-polarized beam in the X-axis direction and a linearly-polarized beam in the Y-axis direction.
[0036] The reference beam 105 passes through the dispersion compensation glass 115 which compensates the
dispersion occurring when the measuring beam 106 travels back and forth between the subject’s eye 107 and the lenses
120-1 and 120-2. The diameter of the eyeball, L, is set to 24 mm which is an average value of Japanese.
[0037] The motor-driven stage 117-1 is movable in directions denoted by arrows, making possible the adjustment of
the optical pathlength for the reference beam 105. The motor-driven stage 117-1 can be controlled by the personal
computer 125 via a motor-driven stage driver 183 in the driver unit 181.
[0038] Optical paths of the measuring beam 106 will be described below.
[0039] The measuring beam 106 formed by the optical coupler 131 passes through the polarization maintaining fiber
134-4 and then is led to the lens 135-4. Then, the measuring beam 106 is adjusted to become a parallel beam having
a 1-mm beam diameter by the lens 135-4. The measuring beam 106 passes through the lambda/4 plate 167-2 (also
referred to as second change unit), reflect off the XY scanner 119, passes through the lenses 120-1 and 120-2, and
enters the subject’s eye 107.
[0040] The lambda/4 plate 167-2 is disposed so that its fast axis is inclined by 45 degrees with respect to the Y-axis
direction. The measuring beam 106 passes through the lambda/4 plate 167-2 to become a circularly-polarized beam
before entering the subject’s eye 107. The circularly-polarized beam contains a linearly-polarized beam in the X-axis
direction and a linearly-polarized beam in the Y-axis direction, having a 90-degree phase difference therebetween.
[0041] Although the XY scanner 119 is described as one mirror to simplify description, it is actually formed of two
mirrors (an X-scanning mirror and a Y-scanning mirror) disposed close to each other to raster-scan a retina 127 in a
direction perpendicular to the optical axis. A center of the measuring beam 106 is adjusted to coincide with the rotational
center of the mirror of the XY scanner 119. The XY scanner 119 is controlled by the personal computer 125 via an optical
scanner driver 182 in the driver unit 181.
[0042] The lenses 120-1 and 120-2 form an optical system having a role of scanning the retina 127 by deflecting the
measuring beam 106 using a vicinity of a cornea 126 as a fulcrum. Each of the lenses 120-1 and 120-2 has a focal
length of 50 mm. Although the lens 120-2 is a spherical lens, it may be a cylindrical lens and a new lens may be added
to the optical path of the measuring beam 106 depending on the optical aberration (refractive error) of the subject’s eye
107. The use of a cylindrical lens is effective when the subject’s eye 107 has astigmatism.
[0043] The motor-driven stage 117-2 is movable in directions denoted by arrows to adjust and control the position of
the lens 120-2 accompanying the motor-driven stage 117-2. The motor-driven stage 117-2 is controlled by the personal
computer 125 via the motor-driven stage driver 183 in the driver unit 181. By adjusting the position of the lens 120-2,
the measuring beam 106 can be condensed to a predetermined layer of the retina 127 of the subject’s eye 107 to enable
the observation of the retina 127. Adjusting the position of the lens 120-2 also enables coping with a case where the
subject’s eye 107 has a refractive error.
[0044] When the measuring beam 106 enters the subject’s eye 107, the return beam 108 is produced by reflection
and scattering from the retina 127. The reference beam 105 is combined with the return beam 108 by the optical coupler
131 and then the resultant combined beam 142 is further split in an intensity ratio of 90:10.
[0045] A configuration of a measurement system in the OCT apparatus 100 according to the present exemplary
embodiment will be described below. The combined beam 142 formed by the optical coupler 131 passes through a
polarization maintaining fiber 134-3 and then is led to a polarization coupler 136. The combined beam 142 is split into
two split beams 175-1 and 175-2 (orthogonal linearly-polarized beams) by the polarization coupler 136.
[0046] The split beam 175-1 (a linearly-polarized beam in the X-axis direction (direction in parallel with paper plane))
passes through the first polarization maintaining fiber 134-5 and then is input to a lens 135-3. A light-emitting end of the
first polarization maintaining fiber 134-5 is disposed so that the split beam 175-1 is emitted therefrom as a linearly-
polarized beam in the Y-axis direction (direction perpendicular to paper plane) with respect to the lens 135-3.
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[0047] The split beam 175-2 (a linearly-polarized beam in the Y-axis direction) passes through the second polarization
maintaining fiber 134-6 and then is input to the lens 135-3. The light-emitting end of the second polarization maintaining
fiber 134-6 is disposed so that the split beam 175-2 is emitted therefrom to the lens 135-3 as a linearly-polarized beam
in the Y-axis direction.
[0048] Specifically, the light-emitting ends of the first polarization maintaining fiber 134-5 and the second polarization
maintaining fiber 134-6 are held so that the split beams 175-1 and 175-2 are emitted therefrom, respectively, in the
above mentioned polarization directions.
[0049] The split beams 175-1 and 175-2 reach the same position on the light transmission type grating 141 at different
incident angles, and are split and diffracted for respective wavelengths by the light transmission type grating 141. The
resultant split beams are condensed by lenses 135-2 and then reach different positions of the line camera 139.Each of
the split beams 175-1 and 175-2 enters the light transmission type grating 141 in the same polarization direction (as a
linearly-polarized beam in the Y-axis direction). Therefore, it becomes unnecessary to take into consideration the po-
larization dependence of the diffraction efficiency of the light transmission type grating 141, enabling the optimization to
a polarized beam (a linearly-polarized beam in the Y-axis direction) input to the light transmission type grating 141.
[0050] The line camera 139 detects the light intensity of each of the split beams 175-1 and 175-2 for respective positions
(wavelengths). Specifically, a spectrum area interference fringe on the wavelength axis can be observed by the line
camera 139.
[0051] The detected light intensity is input to the personal computer 125 via a frame grabber 140. The personal
computer 125 performs data processing to form a tomographic image and displays it on a display screen (not illustrated).
[0052] The line camera 139 is provided with 2048 pixels to obtain the light intensity for respective wavelengths (1024
divisions) of each of the split beams 175-1 and 175-2.
[0053] In the present exemplary embodiment, although each of the split beams 175-1 and 175-2 enters the light
transmission type grating 141 as a linearly-polarized beam in the Y-axis direction, the optical setup is not limited thereto
as long as polarization directions of the split beams 175-1 and 175-2 coincide with each other, whatever the polarization
direction.
[0054] A method for acquiring a tomographic image by using the OCT apparatus 100 will be described below with
reference to Figs. 2A to 2C.
[0055] The OCT apparatus 100 controls the XY scanner 119 to acquire an interference fringe by using the line camera
139, thus acquiring a tomographic image of the retina 127. In particular, a method for acquiring a polarization OCT image
(a plane in parallel with the optical axis, i.e., the XZ plane) by forming a tomographic image using polarization parameters
(one of optical characteristics of the fundus tissue) will be described below.
[0056] Fig. 2A is a schematic view illustrating the subject’s eye 107 being observed by the OCT apparatus 100. As
illustrated in Fig. 2A, the measuring beam 106 passes through the cornea 126 and then enters the retina 127. Then, the
return beam 108 is produced by reflection and scattering at various positions and reaches the line camera 139 with time
delays at respective positions.
[0057] When optical pathlength of the reference beam is close to optical pathlength of the measuring beam to some
extent, an interference fringe that can be sampled for the pixel pitch is detected corresponding to the wavelength width
of the light source 101, by the line camera 139. As mentioned above, the line camera 139 acquires a spectrum area
interference fringe on the wavelength axis in parallel for each polarized beam.
[0058] Then, the interference fringe (information on the wavelength axis) is converted into an interference fringe on
the optical frequency axis in consideration of the characteristics of the line camera 139 and the light transmission type
grating 141. Further, information about the depth direction is acquired by applying the inverse Fourier transform to the
converted interference fringe on the optical frequency axis.
[0059] As illustrated in Fig. 2B, by detecting an interference fringe while driving the XY scanner 119, an interference
fringe can be obtained at respective X-axis positions, i.e., information about the depth direction at respective X-axis
positions is obtained.
[0060] When interference signals of the split beams 175-1 and 175-2 have amplitudes AH and AV, respectively, a
reflectance R of an intensity OCT image (ordinary OCT image) can be represented by formula (1). Non Patent Literature
1 is quoted in this case.

Retardation delta and orientation theta which are polarization parameters forming the polarization OCT image can be
represented by formulas (2) and (3), respectively. 
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where phi is a phase of the split beams 175-1 and 175-2, and Δphi is a phase difference between the amplitudes AH
and AV (Δphi = phiH-phiV).
[0061] As a result, formula (1) gives a two-dimensional distribution of the intensity of the return beam 108 in the XZ
plane, i.e., a tomographic image 132 (Fig. 2C). As mentioned above, the tomographic image 132 is formed of intensities
of the return beam 108 arranged in array form. For example, this intensity is displayed according to the gray scale. Fig.
2C emphasizes only boundaries in the obtained tomographic image 132. The tomographic image 132 includes a pigment
epithelium layer 146 and an inner limiting membrane 147.
[0062] Formulas (2) and (3) give a two-dimensional distribution of the polarization direction of the return beam 108 on
the XZ plane, i.e., a polarization OCT image. In particular, formula (2) gives a retardation image with which a relative
phase delay between polarized beams is rendered. Formula (3) gives an orientation image which indicates change in
polarization direction. By forming a polarization OCT image in this way, minute changes in the fundus tissue as well as
change in the fibrous structure presumed to have large birefringence can be made.
[0063] As represented by formulas (2) and (3), retardation delta and orientation theta are calculated from the amplitude
and phase of the interference beam, and therefore simultaneously detecting them correctly and stably is essential for
forming a polarization OCT image.
[0064] By splitting the interference beam (formed by combining the measuring beam 106 with the reference beam
105) into two split beams for each polarized beam and inputting them to the diffraction grating 141 with the polarization
directions aligned in this way, it becomes unnecessary to take into consideration the polarization dependence of the
diffraction efficiency of the diffraction grating 141 for the two split beams. As a result, the diffraction efficiency of the
diffraction grating 141 can be conformed only to a predetermined polarized beam, making it easier to optimize the design
of the diffraction grating 141 and accordingly to optimize measurement sensitivity of the OCT apparatus 100. This also
makes it easier to achieve the same measurement sensitivity for the two split beams, enabling the acquisition of polar-
ization parameters with higher accuracy. Further, aliasing due to a difference in measurement sensitivity can be prevented.
[0065] Polarization directions of the two split beams 175-1 and 175-2 can be easily aligned when the polarization
maintaining fibers 134-5 and 134-6 are disposed relative to the diffraction grating 141 such that the polarization directions
of the two split beams 175-1 and 175-2 guided by the polarization maintaining fibers 134-5 and 134-6, respectively,
coincide with each other.
[0066] When the two split beams 175-1 and 175-2 are input to the same position of the diffraction grating 141, the
space of the diffraction grating can be effectively utilized.
[0067] Further, the two split beams 175-1 and 175-2 are input to one line camera 139 to measure their intensities, so
that a polarization OCT apparatus can be configured with a simplified optical setup.
[0068] In a second exemplary embodiment, this embodiment not forming part of the claimed invention, an OCT ap-
paratus 100 will be described below. In the present exemplary embodiment, a so-called polarization OCT apparatus is
configured, which has a similar optical setup to the first exemplary embodiment except the measurement system for
measuring an interference beam. Therefore, descriptions of the similar optical setup will be omitted and only the meas-
urement system will be described below.
[0069] A configuration of the measurement system in the OCT apparatus 100 according to the present exemplary
embodiment will be described below with reference to Fig. 3. The combined beam 142 formed by the optical coupler
131 passes through the polarization maintaining fiber 134-3 and then is led to a lens 135-5. Then, the combined beam
142 reaches a Wollaston prism 166. The combined beam 142 is split into a split beam 175-1 (a linearly-polarized beam
in the XZ plane direction (direction in parallel with paper plane)) and a split beam 175-2 (a linearly-polarized beam in
the Y-axis direction (direction perpendicular to paper plane)) by the Wollaston prism 166.
[0070] The split beam 175-1 passes through a lens 135-6 to be condensed and then is input to a lambda/2 plate 168.
The split beam 175-1, when its polarization direction is rotated by 90 degrees by the lambda/2 plate 168, becomes a
linearly-polarized beam in the Y-axis direction.
[0071] The split beam 175-2 passes through the lens 135-6 to be condensed and then is input to an optical path
compensation plate 169. The optical path compensation plate 169 compensates the optical path length or dispersion
with respect to the lambda/2 plate 168.
[0072] Then, the split beams 175-1 and 175-2 enter a lens 135-7 to become parallel beams and then reach the light
transmission type grating 141. The parallel beams are split and diffracted for respective wavelengths by the light trans-
mission type grating 141, condensed by the lenses 135-2, and then reach different positions on the line camera 139. In
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this case, each of the split beams 175-1 and 175-2 enters the light transmission type grating 141 in the same polarization
direction (i.e., as a linearly-polarized beam in the Y-axis direction). Therefore, it becomes unnecessary to take into
consideration the polarization dependence of the diffraction efficiency of the light transmission type grating 141, enabling
the optimization to polarized beams (linearly-polarized beams in the Y-axis direction) input to the light transmission type
grating 141.
[0073] The line camera 139 detects the light intensity of each of the split beams 175-1 and 175-2 for respective positions
(wavelengths). Specifically, a spectrum area interference fringe on the wavelength axis can be observed by the line
camera 139.
[0074] The detected light intensity of each of the split beams 175-1 and 175-2 is input to the personal computer 125
via the frame grabber 140. The personal computer 125 performs data processing to form a tomographic image and
displays it on a display screen (not illustrated).
[0075] The line camera 139 is provided with 2048 pixels to obtain the light intensity for respective wavelengths (1024
divisions) of each of the split beams 175-1 and 175-2.
[0076] In the present exemplary embodiment, although each of the split beams 175-1 and 175-2 enters the light
transmission type grating 141 as a linearly-polarized beam in the Y-axis direction, the optical setup is not limited thereto
as long as the polarization directions of the split beams 175-1 and 175-2 coincide with each other, whatever the polarization
direction.
[0077] As mentioned above, the polarization directions of the two split beams 175-1 and 175-2 can be accurately
aligned by splitting an interference beam into two split beams using a Wollaston prism and providing a lambda/2 plate
in an optical path of one split beam and a compensation plate in an optical path of the other split beam. Although a
Wollaston prism is used as a polarization beam splitter in the present exemplary embodiment, the polarization beam
splitter is not limited thereto, but may be any type of polarization beam splitter as long as it splits an interference beam
for each polarized beam, for example, a Savart plate or a Glan-Thompson prism may be utilized.
[0078] The present invention is achieved also by performing the following processing. Specifically, software (programs)
for implementing the functions of the above-mentioned exemplary embodiments is supplied to a system or apparatus
via a network or various memory media, and a computer (or central processing unit (CPU), micro processing unit (MPU),
etc.) of the system or apparatus reads and executes the programs.

Claims

1. An optical tomographic imaging apparatus (100) comprising:

a splitting unit (136) configured to split a combined beam (142) into first (175-1) and second (175-2) beams
having different polarization directions, the combined beam being formed by combining a return beam (108)
from an object (107) with a reference beam (105) corresponding to the measuring beam, the object being
irradiated with the measuring beam;
an adjustment unit (134-5, 134-6) configured to adjust the polarization directions of irradiation beams corre-
sponding to the first (175-1) and second (175-2) beams respectively directed to a diffraction grating (141) so
that the incident beam polarization directions with respect to the diffraction grating coincide with each other,
and to irradiate a same irradiation position on the diffraction grating (141) at different incident angles with the
first and second beams respectively, wherein
the diffraction grating (141) is configured to split and diffract beams from the adjustment unit corresponding to
the first and second beams respectively;
a detection unit (139) configured to detect beams from the diffraction grating (141) corresponding to the first
(175-1) and second (175-2) beams respectively; and
an acquisition unit (125) configured to acquire a tomographic image indicating polarization information of the
object based on outputs from the detection unit (139) corresponding to the first (175-1) and second (175-2)
beams respectively.

2. The optical tomographic imaging apparatus (100) according to claim 1, wherein the adjustment unit (134-5, 134-6)
comprises:

a first polarization maintaining fiber (134-5) configured to guide the first beam (175-1); and
a second polarization maintaining fiber (134-6) configured to guide the second beam (175-2),
wherein a relative angle formed between light-emitting ends of the first and second polarization maintaining
fibers is adjusted to irradiate the diffraction grating (141) with the first and second beams in an aligned polarization
direction.
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3. The optical tomographic imaging apparatus (100) according to claim 1, wherein the adjustment unit (134-5, 134-6)
comprises:

a rotation unit disposed in an optical path of the first beam and configured to rotate the polarization direction of
the first beam to coincide it with the polarization direction of the second beam; and
a compensation unit disposed in an optical path of the second beam and configured to compensate the dispersion
of the first beam produced by the rotation unit.

4. The optical tomographic imaging apparatus (100) according to any one of claims 1 to 3, wherein the detection unit
(139) is configured to detect, in different areas of a common sensor, beams from the diffraction grating (141)
corresponding to the first (175-1) and second (175-2) beams respectively.

5. The optical tomographic imaging apparatus (100) according to any one of claims 1 to 4, further comprising:

a first change unit (167-1) disposed in an optical path of the reference beam (105) to change the polarization
direction of the reference beam; and
a second change unit (167-2) disposed in an optical path of the measuring beam (106) and configured to change
the polarization direction of the measuring beam.

6. The optical tomographic imaging apparatus (100) according to claim 5, wherein the first change unit (167-1) is
configured to change the reference beam (105) into a linearly-polarized beam, and
wherein the second change unit (167-2) is configured to change the measuring beam (106) into a circularly-polarized
beam.

Patentansprüche

1. Optische Tomografiebildgebungsvorrichtung (100), umfassend:

eine Aufteileinrichtung (136), konfiguriert, um ein kombiniertes Strahlenbündel (142) in erste (175-1) und zweite
(175-2) Strahlenbündel mit unterschiedlichen Polarisationsrichtungen aufzuteilen, wobei das kombinierte Strah-
lenbündel gebildet wird durch Kombinieren eines von einem Objekt (107) zurückkehrenden Strahlenbündels
(108) mit einem dem Messstrahlenbündel entsprechenden Referenzstrahlenbündel (105), wobei das Objekt
mit dem Messstrahlenbündel bestrahlt wird;
eine Einstelleinrichtung (134-5, 134-6), konfiguriert, um die Polarisationsrichtungen von Bestrahlungsstrahlen-
bündeln einzustellen, die den ersten (175-1) und zweiten (175-2) Strahlenbündeln entsprechen, die jeweils so
auf ein Beugungsgitter (141) gelenkt werden, dass die Einfallstrahlenbündelpolarisationsrichtungen bezüglich
des Beugungsgitters miteinander übereinstimmen, und konfiguriert, um eine gleiche Bestrahlungsposition auf
dem Beugungsgitter (141) unter unterschiedlichen Einfallswinkeln jeweils mit den ersten und zweiten Strahlen-
bündeln zu bestrahlen, wobei
das Beugungsgitter (141) konfiguriert ist, um jeweils den ersten und zweiten Strahlenbündeln entsprechende
Strahlenbündel von der Einstelleinrichtung aufzuteilen und zu beugen;
eine Nachweiseinrichtung (139), konfiguriert, um jeweils den ersten (175-1) und zweiten (175-2) Strahlenbündeln
entsprechende Strahlenbündel von dem Beugungsgitter (141) nachzuweisen; und
eine Erfassungseinrichtung (125), konfiguriert, um auf Basis von jeweils den ersten (175-1) und zweiten (175-2)
Strahlenbündeln entsprechenden Ausgaben von der Nachweiseinrichtung (139) ein Tomografiebild zu erfassen,
das Polarisationsinformation des Objekts angibt.

2. Optische Tomografiebildgebungsvorrichtung (100) nach Anspruch 1, wobei die Einstelleinrichtung (134-5, 134-6)
umfasst:

eine erste polarisationserhaltende Faser (134-5), konfiguriert, um das erste Strahlenbündel (175-1) zu leiten; und
eine zweite polarisationserhaltende Faser (134-6), konfiguriert, um das zweite Strahlenbündel (175-2) zu leiten,
wobei ein zwischen lichtemittierenden Enden der ersten und der zweiten polarisationserhaltenden Faser gebil-
deter relativer Winkel so eingestellt ist, dass das Beugungsgitter (141) mit den ersten und zweiten Strahlen-
bündeln in einer aneinander ausgerichteten Polarisationsrichtung bestrahlt wird.

3. Optische Tomografiebildgebungsvorrichtung (100) nach Anspruch 1, wobei die Einstelleinrichtung (134-5, 134-6)
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umfasst:

eine in einem Strahlengang des ersten Strahlenbündels angeordnete Rotiereinrichtung, konfiguriert, um die
Polarisationsrichtung des ersten Strahlenbündels so zu rotieren, dass diese in Übereinstimmung mit der Pola-
risationsrichtung des zweiten Strahlenbündels ist; und
eine in einem Strahlengang des zweiten Strahlenbündels angeordnete Kompensiereinrichtung, konfiguriert, um
die durch die Rotiereinrichtung erzeugte Dispersion des ersten Strahlenbündels zu kompensieren.

4. Optische Tomografiebildgebungsvorrichtung (100) nach einem der Ansprüche 1 bis 3, wobei die Nachweiseinrich-
tung (139) konfiguriert ist, um Strahlenbündel vom Beugungsgitter (141), die jeweils den ersten (175-1) und zweiten
(175-2) Strahlenbündeln entsprechen, in unterschiedlichen Bereichen eines gemeinsamen Sensors nachzuweisen.

5. Optische Tomografiebildgebungsvorrichtung (100) nach einem der Ansprüche 1 bis 4, weiter umfassend:

eine erste, in einem Strahlengang des Referenzstrahlenbündels (105) angeordnete Änderungseinrichtung
(167-1) zum Ändern der Polarisationsrichtung des Referenzstrahlenbündels; und
eine zweite, in einem Strahlengang des Messstrahlenbündels (106) angeordnete Änderungseinrichtung (167-2),
konfiguriert zum Ändern der Polarisationsrichtung des Messstrahlenbündels.

6. Optische Tomografiebildgebungsvorrichtung (100) nach Anspruch 5, wobei die erste Änderungseinrichtung (167-1)
konfiguriert ist, um das Referenzstrahlenbündel (105) in ein linear polarisiertes Strahlenbündel zu ändern, und wobei
die zweite Änderungseinrichtung (167-2) konfiguriert ist, um das Messstrahlenbündel (106) in ein zirkular polari-
siertes Strahlenbündel zu ändern.

Revendications

1. Appareil optique (100) de formation d’image tomographique comprenant :

une unité (136) de séparation constituée pour séparer un faisceau combiné (142) en des premier (175-1) et
second (175-2) faisceaux ayant des directions de polarisation différentes, le faisceau combiné étant formé par
combinaison d’un faisceau (108) de retour provenant d’un objet (107) avec un faisceau (105) de référence
correspondant au faisceau de mesure, l’objet étant éclairé avec le faisceau de mesure ;
une unité (134-5, 134-6) d’ajustement constituée pour ajuster les directions de polarisation de faisceaux d’éclai-
rage correspondant respectivement aux premier (175-1) et second (175-2) faisceaux dirigés sur un réseau de
diffraction (141) de façon que les directions de polarisation de faisceau incident par rapport au réseau de
diffraction coïncident l’une avec l’autre, et pour éclairer une même position d’éclairage sur le réseau de diffraction
(141) à des angles d’incidence différents à l’aide, respectivement, des premier et second faisceaux,
dans lequel le réseau de diffraction (141) est configuré pour séparer et diffracter des faisceaux provenant de
l’unité d’ajustement, correspondant respectivement aux premier et second faisceaux ;
une unité (139) de détection configurée pour détecter des faisceaux provenant du réseau de diffraction (141),
correspondant respectivement aux premier (175-1) et second (175-2) faisceaux ; et
une unité (125) d’acquisition configurée pour acquérir une image tomographique représentative d’une informa-
tion de polarisation de l’objet en se basant sur des sorties de l’unité (139) de détection correspondant respec-
tivement aux premier (175-1) et second (175-2) faisceaux.

2. Appareil optique (100) de formation d’image tomographique selon la revendication 1, dans lequel l’unité (134-5,
134-6) d’ajustement comprend :

une première fibre conservant la polarisation (134-5) configurée pour guider le premier faisceau (175-1) ; et
une seconde fibre conservant la polarisation (134-6) configurée pour guider le second faisceau (175-2),
dans lequel l’angle relatif formé entre les extrémités d’émission de lumière des première et seconde fibres
conservant la polarisation est ajusté pour éclairer le réseau de diffraction (141) avec les premier et second
faisceaux dans une direction de polarisation alignée.

3. Appareil optique (100) de formation d’image tomographique selon la revendication 1, dans lequel l’unité (134-5,
134-6) d’ajustement comprend :
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une unité de rotation disposée dans le trajet optique du premier faisceau et configurée pour faire tourner la
direction de polarisation du premier faisceau afin de la faire coïncider avec la direction de polarisation du second
faisceau ; et
une unité de compensation disposée dans le trajet optique du second faisceau et configurée pour compenser
la dispersion du premier faisceau produite par l’unité de rotation.

4. Appareil optique (100) de formation d’image tomographique selon l’une quelconque des revendications 1 à 3, dans
lequel l’unité (139) de détection est configurée pour détecter, dans des zones différentes d’un capteur commun,
des faisceaux provenant du réseau de diffraction (141) correspondant respectivement aux premier (175-1) et second
(175-2) faisceaux.

5. Appareil optique (100) de formation d’image tomographique selon l’une quelconque des revendications 1 à 4,
comprenant en outre :

une première unité (167-1) de changement disposée dans le trajet optique du faisceau (105) de référence pour
changer la direction de polarisation du faisceau de référence ; et
une seconde unité (167-2) de changement disposée dans le trajet optique du faisceau (106) de mesure pour
changer la direction de polarisation du faisceau de mesure.

6. Appareil optique (100) de formation d’image tomographique selon la revendication 5, dans lequel la première unité
(167-1) de changement est configurée pour changer le faisceau (105) de référence en un faisceau polarisé linéai-
rement, et
dans lequel la seconde unité (167-2) de changement est configurée pour changer le faisceau (106) de mesure en
un faisceau polarisé circulairement.



EP 2 590 547 B1

12



EP 2 590 547 B1

13



EP 2 590 547 B1

14



EP 2 590 547 B1

15



EP 2 590 547 B1

16



EP 2 590 547 B1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20080285043 A1 [0007] • WO 2007103115 A [0008]

Non-patent literature cited in the description

• Polarization maintaining fiber based ultra-high reso-
lution spectral domain polarization sensitive optical
coherence tomography. Opt. Express, 2009, vol. 17,
22704 [0009]

• Autocalibration of spectral-domain optical coherence
tomography spectrometers for in vivo quantitative ret-
inal nerve fiber layer birefringence determination. J.
Biomed. Opt., 2007, vol. 12, 041205 [0009]



专利名称(译) 光学断层摄影装置

公开(公告)号 EP2590547B1 公开(公告)日 2014-12-03

申请号 EP2011743884 申请日 2011-07-04

[标]申请(专利权)人(译) 佳能株式会社

申请(专利权)人(译) 佳能株式会社

当前申请(专利权)人(译) 佳能株式会社

[标]发明人 HIROSE FUTOSHI

发明人 HIROSE, FUTOSHI

IPC分类号 A61B3/10 A61B3/12 G01B9/02 G02F1/01 G02F1/35 A61B5/00

CPC分类号 A61B3/102 A61B5/0066 G01B9/02027 G01B9/02044 G01B9/02091 G01B2290/65 G01B2290/70 
G01B9/02011

优先权 2010156919 2010-07-09 JP

其他公开文献 EP2590547A1

外部链接 Espacenet

摘要(译)

成像设备（100）调节分别对应于具有不同偏振方向的第一和第二光束
（175-1,175-2）的照射光束（到衍射光栅）的偏振方向（例如，通过调
节形成的相对角度）在各个偏振保持光纤的发光端之间，使得衍射光栅
（141）处的照射光束的光谱特性彼此一致。然后，成像设备基于分别对
应于具有不同偏振方向的第一和第二光束的光束（来自用于分离和衍射
来自调节单元的光束的衍射光栅）获取指示对象的偏振信息的断层图
像。

https://share-analytics.zhihuiya.com/view/6fa69abc-b292-410b-9f84-0691fe9ce256
https://worldwide.espacenet.com/patent/search/family/044514906/publication/EP2590547B1?q=EP2590547B1

