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[Fig. 3A]

VAN L
VAN L
VAN

VA

[Fig. 3B]




Patent Application Publication  Jun. 26, 2014 Sheet 4 of 21 US 2014/0176905 A1

[Fig. 4]
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[Fig. 5A]
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[Fig. 11]
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[Fig. 13]
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[Fig. 14]
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[Fig. 17]
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[Fig. 18]
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[Fig. 19]
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[Fig. 21]
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[Fig. 22]
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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING SYSTEM, IMAGE
PROCESSING METHOD, AND IMAGE
PROCESSING COMPUTER PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 13/583,116 filed Sep. 6, 2012, which is
the national stage entry of PCT/JP2011/001457, filed on Mar.
14, 2011, which claims priority to Japanese Patent Applica-
tion No. 2010-064755 filed Mar. 19, 2010, each of which are
hereby incorporated by reference herein in their entireties.

TECHNICAL FIELD

[0002] Thepresent invention relates to an image processing
apparatus, an image processing system, an image processing
method, and an image processing computer program, which
can be used to identify a layer structure based on a tomogra-
phy image.

BACKGROUND ART

[0003] The eye examination is widely known as an effec-
tive method capable of diagnosing at early timing the type of
a disease that may lead to a lifestyle related disease or blind-
ness. An optical coherence tomography (OCT) or a compa-
rable tomography imaging apparatus enables an eye doctor or
any other specialist to observe a three-dimensional state of
internal retinal layers.

[0004] For example, the retina has a layer structure that is
composed of a plurality of layers. Information relating to
thickness of each layer etc. is usable as an objective index that
indicates the stage of a disease.

[0005] In order to observe the retinal layer structure or to
obtain the index, a technique capable of analyzing a tomog-
raphy image of retinal layers is used to identify the layer
structure.

[0006] A conventional method discussed in Japanese
Patent Application Laid-Open No. 2008-73099 includes per-
forming preprocessing (e.g., gradation conversion) on a
tomography image and detecting an edge from the processed
image in the depth direction. The above-described conven-
tional method further includes identifying the position of a
layer boundary based on the position of a detected edge.
[0007] The layer structure of retinal layers includes a
locally deformed region where a characteristic part (e.g.,
optic disc or macula) is present. Further, if the layer structure
includes a blood vessel or a leucoma, signal light may not
reach an underlying region beneath the above-described por-
tions and a target layer boundary to be identified may not be
included in a captured image.

[0008] However, the conventional processing discussed in
Japanese Patent Application Laid-Open No. 2008-73099
does not take the above-described local change in the layer
structure into consideration. Therefore, the layer structure
identification with the method may be failed.

CITATION LIST
Patent Literature

[PTL 1]

[0009]
73099

Japanese Patent Application Laid-Open No. 2008-
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SUMMARY OF INVENTION

[0010] According to an aspect of the present invention, an
image processing apparatus includes an acquisition unit con-
figured to acquire a tomography image of a target to be
captured, a detection unit configured to detect layer bound-
aries of a plurality of layers sequentially positioned in the
depth direction from the acquired tomography image, and a
determination unit configured to determine a structure of the
target to be captured according to the number of the detected
layer boundaries.

[0011] According to the image processing apparatus hav-
ing the above-described configuration, it is possible to deal
with the difference of the layer structure and reduce errors in
determining the structure since the determination about the
structure can be made according to a number of layer bound-
aries.

[0012] Further features and aspects of the present invention
will become apparent from the following detailed description
of exemplary embodiments with reference to the attached
drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0013] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the inven-
tion and, together with the description, serve to explain the
principles of the invention.

[0014] FIG. 1 illustrates an example configuration of an
image processing system according to the first exemplary
embodiment of the present invention.

[0015] FIG. 2 illustrates an example configuration of a
tomography image acquisition apparatus according to the
first exemplary embodiment of the present invention.

[0016] FIG. 3A schematically illustrates an example
tomography image of retinal layers captured in a region
including a macula.

[0017] FIG. 3B schematically illustrates another example
tomography image of retinal layers captured in a region
including a macula and a blood vessel positioned adjacent to
each other.

[0018] FIG. 4 is a flowchart illustrating an example flow of
processing that can be performed by an image processing
apparatus according to the first exemplary embodiment of the
present invention.

[0019] FIG. 5A illustrates an example of a converted image
that can be generated by an image conversion unit according
to the first exemplary embodiment of the present invention.
FIG. 5A schematically illustrates an example image includ-
ing edges enhanced in the direction from the lower pixel value
side to the higher pixel value side.

[0020] FIG. 5B illustrates an example of a converted image
that can be generated by an image conversion unit according
to the first exemplary embodiment of the present invention.
FIG. 5B schematically illustrates an example image including
edges enhanced in the direction from the higher pixel value
side to the lower pixel value side.

[0021] FIG. 6 illustrates an example of profiles that can be
generated by a luminance information generation unit
according to the first exemplary embodiment of the present
invention.

[0022] FIG. 7 is a flowchart illustrating an example flow of
processing that can be performed by a template selection unit
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and a layer boundary identifying unit according to the first
exemplary embodiment of the present invention.

[0023] FIG. 8 schematically illustrates example processing
that can be performed by the template selection unit accord-
ing to the first exemplary embodiment of the present inven-
tion.

[0024] FIG. 9 schematically illustrates example processing
that can be performed by the layer boundary identifying unit
according to the first exemplary embodiment of the present
invention.

[0025] FIG. 10 schematically illustrates example process-
ing that can be performed by the layer boundary identifying
unit according to the first exemplary embodiment of the
present invention.

[0026] FIG.11isaflowchartillustrating an example flow of
processing that can be performed by a layer boundary inter-
polation unit according to the first exemplary embodiment of
the present invention.

[0027] FIG. 12 schematically illustrates example process-
ing that can be performed by the layer boundary interpolation
unit according to the first exemplary embodiment of the
present invention.

[0028] FIG.13isaflowchartillustrating an example flow of
processing that can be performed by the image processing
apparatus according to a second exemplary embodiment of
the present invention.

[0029] FIG. 14 is a flowchart illustrating an example flow of
processing that can be performed by the template selection
unit and the layer boundary identifying unit according to the
second exemplary embodiment of the present invention.
[0030] FIG. 15 schematically illustrates example process-
ing that can be performed by the template selection unit
according to the second exemplary embodiment of the
present invention.

[0031] FIG. 16 schematically illustrates example process-
ing that can be performed by a determination unit according
to the second exemplary embodiment of the present inven-
tion.

[0032] FIG. 17 schematically illustrates example process-
ing that can be performed by the determination unit according
to the second exemplary embodiment of the present inven-
tion.

[0033] FIG.18isaflowchartillustrating an example flow of
processing that can be performed by the image processing
apparatus according to a third exemplary embodiment of the
present invention.

[0034] FIG. 19 schematically illustrates example pattern
matching processing that can be performed by the template
selection unit according to the third exemplary embodiment
of the present invention.

[0035] FIG. 20 schematically illustrates example pattern
matching processing that can be performed by the template
selection unit according to the third exemplary embodiment
of the present invention.

[0036] FIG. 21 isaflowchartillustrating an example flow of
processing that can be performed by the layer boundary inter-
polation unit according to a fourth exemplary embodiment of
the present invention.

[0037] FIG. 22 illustrates an example of search range set-
ting that can be performed by the layer boundary interpola-
tion unit according to a fourth exemplary embodiment of the
present invention.
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DESCRIPTION OF EMBODIMENTS

[0038] Various exemplary embodiments, features, and
aspects of the invention will be described in detail below with
reference to the drawings.

[0039] Animage processing system 100 according to a first
exemplary embodiment includes an image processing appa-
ratus 101 that can identify the position and the type of a layer
structure based on a tomography image of a retina received
from a tomography image acquisition apparatus 102.

[0040] In this case, the image processing apparatus 101
identify layer boundaries by applying template information to
each portion having a unique structure in the tomography
image.

[0041] Further, the image processing apparatus 101 inter-
polates an unidentified layer boundary portion, if it was not
identified by the applied template information, with reference
to the position of the layer boundary already identified based
on the template information.

[0042] Inthis case, theimage processing apparatus 101 sets
a range that can be presumed to include the unidentified layer
boundary portion based on the position of the already identi-
fied layer boundary. Then, the image processing apparatus
101 identifies a target layer boundary based on a luminance
change value in the set range.

[0043] An example configuration of the image processing
system 100 and example processing that can be performed by
the image processing system 100 are described below.
[0044] An example configuration of the image processing
system 100 is described below with reference to FIG. 1. The
image processing apparatus 101 is, for example, a computer.
The image processing apparatus 101 includes an image
acquisition unit 103, an image conversion unit 104, a lumi-
nance information generation unit 105, a detection unit 106, a
structure determination unit 1071, a display control unit 110,
and a storage unit 111.

[0045] Each of the above-described functional blocks can
be constituted by an electric circuit. Alternatively, the image
processing apparatus 101 may have a hardware configuration
and a software configuration that are cooperatively operable
as each of the above-described functional blocks.

[0046] As anexample software configuration (although not
illustrated in the drawing), the image processing apparatus
101 can include a central processing unit (CPU), a read only
memory (ROM), and a random access memory (RAM). For
example, to realize processing described in FIG. 4, FIG. 7,
and FIG. 11, the CPU can execute a program or programs
loaded into the RAM from the ROM. In this manner, the
hardware and software configuration of the computer can
cooperatively realize the present invention.

[0047] The tomography image acquisition apparatus 102
is, for example, an optical coherence tomography imaging
apparatus (optical coherence tomography imaging unit)
whose operation is based on the principle of Optical Coher-
ence Tomography. The tomography image acquisition appa-
ratus 102 is described below in more detail.

[0048] The image acquisition unit 103 of the image pro-
cessing apparatus 101 acquires a tomography image from the
tomography image acquisition apparatus 102. The tomogra-
phy image obtainable from the tomography image acquisition
apparatus 102 is a tomography image of a three-dimensional
region of a retina that can be obtained by scanning a prede-
termined two-dimensional area on a retinal surface.

[0049] The tomography image represents an internal layer
structure of the retina. The tomography image can be
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acquired as a plurality of two-dimensional tomography
images (B-scan images) or can be acquired as one-dimen-
sional images (A-scan images) obtained at a plurality of posi-
tions on the retinal surface irradiated with signal light. Alter-
natively, the tomography image may be acquired as three-
dimensional volume data that can be generated based on
A-scan images.

[0050] Theimage conversion unit 104 can use a Sobel filter
and a median filter to obtain images converted from an input
image. More specifically, when the Sobel filter is applied to an
acquired tomography image, a Sobel image having enhanced
edges can be obtained. When the median filter is applied to an
acquired tomography image, a smoothed image can be gen-
erated as a median image.

[0051] The luminance information generation unit 105 can
generate, from the Sobel image and the median image, infor-
mation indicating a relationship between luminance value
and depth directional position at a predetermined position in
the horizontal direction. More specifically, the information to
be generated by the luminance information generation unit
105 is a profile in the depth direction at a predetermined
position in the horizontal direction.

[0052] The profile is information indicating a relationship
between depth directional position and luminance value. The
width of the profile in the horizontal direction is one pixel.
Original data that can be used to generate the profile is a row
of pixels disposed in the depth direction. As described above,
the Sobel image is an image having enhanced edges. A lumi-
nance value of the Sobel image represents a luminance
change in the original image.

[0053] The predetermined position where a profile is gen-
erated is not limited to a one-dimensional image region. For
example, the above-described predetermined position can be
atwo-dimensional image area that has a width corresponding
to several pixels in the horizontal direction and includes pix-
els disposed in the depth direction.

[0054] Alternatively, the above-described predetermined
position can be a three-dimensional image area. A layer
boundary that is present in the depth direction at a position
where the profile is created in the horizontal direction can be
identified.

[0055] In this case, the horizontal direction is a direction
perpendicular to the direction of irradiated signal light
(A-scan direction). It is desired that the above-described hori-
zontal direction coincides with the horizontal direction of an
image. In almost all of a normal eye, except for the macula
and the optic disc, the above-described horizontal direction is
a direction along which the layer extends and a direction
parallel to the layer.

[0056] Further, the above-described depth direction is the
direction of irradiated signal light (A-scan direction). It is
desired that the depth direction coincides with the vertical
direction of an image. In an ordinary display, the above-
described A-scan direction is set to be coincident with the
vertical direction of a screen.

[0057] A retinal layer has a multilayered structure that
includes a plurality of layers stacked on top of another in the
depth direction. Therefore, in almost all of a normal eye
except for the macula and the optic disc, a direction along
which two or more layers are sequentially positioned is the
depth direction.

[0058] The luminance information generation unit 105
generates profiles at predetermined intervals (e.g., at intervals
of five pixels) in the horizontal direction. Identification of a
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layer boundary according to the present invention is not per-
formed at a position other than the position where the profile
is created. Any conventional interpolation method can be
used to obtain an unidentified layer boundary referring to the
position of an already identified layer boundary that has been
identified based on the profile.

[0059] To detect a layer boundary, the detection unit 106
acquires, based on the profile of a Sobel image at each posi-
tion, a feature point that indicates the position of each layer
boundary of layers that are sequentially positioned in the
depth direction.

[0060] Inthe present exemplary embodiment, the detection
unit 106 acquires, as the feature point, an edge which is
greater than a predetermined threshold value, among edges
detectable along the profile in the depth direction.

[0061] In the present exemplary embodiment, each edge
represents the gradient of a luminance value in an image. The
above-described predetermined threshold value is an experi-
mentally determined value and corresponds to a first thresh-
old value according to the present invention.

[0062] In the present exemplary embodiment, the layer
boundary indicates an interface between two neighboring
layers each having a predetermined thickness in a tomogra-
phy image.

[0063] If the resolution of an image is sufficiently high, a
layer having a thickness less than one pixel may be detected
as a boundary and can be regarded as a boundary.

[0064] The first threshold value can be modified and deter-
mined for each profile based on a statistic value calculated
based on a profile. The detection unit 106 performs the above-
described detection processing in the A-scan direction (i.e., in
the depth direction) at a plurality of positions of a tomography
image in the horizontal direction.

[0065] The structure determination unit 1071 can deter-
mine a structure according to the number of layer boundaries
detected by the detection unit 106. The structure determined
by the structure determination unit 1071 represents a layer
structure that can be defined by the number of layers or layer
boundaries and the position and the type thereof. The struc-
ture further includes a pseudo-image or a lesion caused by a
blood vessel or a leucoma, in addition to the optic disc, the
macula, and other regions.

[0066] Inthe present exemplary embodiment, the structure
determination unit 1071 corresponds to a determination unit
configured to determine the position and the type of a layer
boundary. The structure determination unit 1071 includes a
template selection unit 107, a layer boundary identifying unit
108, and a layer boundary interpolation unit 109.

[0067] The template selection unit 107 allocates template
information to each profile according to the number of feature
points each representing the position of a layer boundary
acquired from the profile. The template information is infor-
mation representing the type and the position of each layer
boundary as well as a relationship between layer boundaries,
i.e., layer areas, in the magnitude of luminance value. The
template information represents the type of a plurality of
layer boundaries that are sequentially disposed in the depth
direction at each of a plurality of positions of a target to be
captured in the horizontal direction.

[0068] The storage unit 111 stores a plurality of types of
templates that are differentiated according to the structure of
each retinal layer or considering the presence of a blood
vessel. The structure determination unit 1071 identifies the
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position and the type of a target layer boundary based on the
profile with reference to the above-described template infor-
mation.

[0069] The template information is associated with infor-
mation indicating the number of feature points, when it is
stored. Thus, the structure determination unit 1071 can deter-
mine an appropriate template based on feature points with
reference to the template information.

[0070] The template can be created by extracting informa-
tion indicating the position and the type of a layer boundary
and information indicating the relationship between layer
boundaries in the magnitude of luminance value from a ref-
erence profile that can be created by obtaining an average
value or a central value from a plurality of tomography
images capturing the same portion of a layer boundary whose
position and type have been identified beforehand. The tem-
plate may include information indicating a luminance value
of each layer.

[0071] For example, the structure of a retinal layer at the
macula or at the optic disc is different from the structure of the
retinal layer at other portions. Therefore, the templates pre-
pared in the storage unit 111 include specific templates that
correspond to the macula or the optic disc.

[0072] Further, if a blood vessel is present at a predeter-
mined position of a retinal layer, signal light is absorbed by
the blood vessel. The intensity of the signal light is weakened
when it reaches an area beneath the blood vessel. Therefore,
the profile may be deformed depending on the presence of a
blood vessel.

[0073] Therefore, for example, two or more different tem-
plates are prepared for the same macula considering the
above-described situation (i.e., according to the presence of a
blood vessel). It is desired to prepare various types of tem-
plates so that at least one template can be applied to any
predicable situation (e.g., presence of a lesion).

[0074] Experimentally creating template information
based on tomography images of numerous eyes to be exam-
ined is feasible. Further, to reduce the processing time, it may
be useful to limit the number of selectable profiles. The
above-described templates are stored in the storage unit 111.
Examples of the template are described below in more detail.
[0075] The layer boundary identifying unit 108 is function-
ally operable as an identifying unit or a first identifying unit
configured to identify a layer structure in a tomography image
by applying a template to each profile.

[0076] In the present exemplary embodiment, identifica-
tion of each layer structure includes identifying the position
of the layer structure or the type thereof. The information
indicating each identified layer boundary is associated with
the profile or the tomography image, and can be stored in the
storage unit 111 or in a data server 113. Example of the
above-described identifying processing is described below in
more detail.

[0077] The layer boundary interpolation unit 109 is func-
tionally operable as a setting unit configured to set a search
range for a layer boundary portion that has not been identified
based on the application of a template. Further, the layer
boundary interpolation unit 109 is functionally operable as an
identifying unit or a second identifying unit configured to
interpolate a layer boundary by identifying the position of an
unidentified layer boundary portion.

[0078] In the present exemplary embodiment, the layer
boundary interpolation unit 109 correlates interpolation
completion information with the information indicating the
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interpolated layer boundary position. Further, the layer
boundary interpolation unit 109 stores the information indi-
cating the interpolated layer boundary position in association
with the profile or the tomography image in the storage unit
111 or in the data server 113.

[0079] An example of the above-described interpolation
processing is described below in detail with reference to a
flowchart illustrated in FIG. 11.

[0080] The display control unit 110 can control a display
unit 112 to display a tomography image together with infor-
mation indicating the type and position of each layer bound-
ary. In the above-described control, the display control unit
110 causes the display unit 112 to use a unique color for each
layer boundary included in the tomography image according
to the type of each layer.

[0081] Further, it is useful that the display control unit 110
controls the display unit 112 to differentiate a display pattern
for the position of a layer boundary identified based on tem-
plate information from a display pattern for the position of a
layer boundary identified by interpolation processing.
[0082] The storage unit 111 stores information to be
required by respective blocks of the image processing appa-
ratus 101 and information output from respective blocks. For
example, the detection unit 106 can use the first threshold
value or its calculation method stored in the storage unit 111.
The template selection unit 107 can use template information
stored in the storage unit 111. The layer boundary interpola-
tion unit 109 can use a search range setting value and a second
threshold value stored in the storage unit 111.

[0083] Thedisplay unit 112 is, for example, a liquid crystal
display device, which can display a tomography image output
by the image processing apparatus 101 together with the
position and the type of each layer boundary.

[0084] The data server 113 is functionally operable as a
storage unit configured to store tomography images acquired
by the tomography image acquisition apparatus 102 together
with bibliographic information.

[0085] Anexample configuration of the tomography image
acquisition apparatus 102 is described below in more detail
with reference to FIG. 2. The tomography image acquisition
apparatus 102 is a so-called Fourier-Domain type optical
coherence tomography imaging apparatus. The tomography
image acquisition apparatus 102 can capture an image of an
eye to be examined (not illustrated) in response to an instruc-
tion of an operator (not illustrated). The tomography image
acquisition apparatus 102 can transmit a captured image to
the image processing apparatus 101 and to the data server
113.

[0086] Alightsource 114 emits light. A beam splitter 115 is
capable of dividing the light emitted from the light source 114
into measurement light 124 and reference light 125. The
measurement light 124 reaches an eye 118 (i.c., a target to be
observed) and returns as feedback light 126. The feedback
light 126 (i.e., the light returning from the eye 118) includes
reflection light and scattered light of the measurement light.
[0087] Further, the beam splitter 115 is functionally oper-
able as a coherent light generation unit configured to multi-
plex the feedback light 126 and the reference light 125 to
generate coherent light 127. A diffraction grating 120 dis-
perses the coherent light 127. The dispersed coherent light
passes through a lens 121 and forms an image on a one-
dimensional sensor 122.

[0088] The one-dimensional sensor 122 includes a plural-
ity of pixel circuits each outputting an electric signal that
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represents the quantity of received light. An image formation
unit 123 performs Fourier transformation with reference to an
internal position of the one-dimensional sensor 122 (i.e., the
number of waves of the coherent light), and obtains a tomog-
raphy image of the eye 118.

[0089] The light source 114 is described below in more
detail. The light source 114 is a super luminescent diode
(SLD), which is known as a representative low coherent light
source. The light emitted from the light source 114 has a
wavelength of 830 nm. The light emitted from the light source
114 has a bandwidth of 50 nm.

[0090] The bandwidth of the light emitted from the light
source 114 is an important parameter because the bandwidth
significantly influences the resolution of an obtained tomog-
raphy image in the optical axis direction. Further, the type of
the light source 114 is not limited to the above-described
SLD. Any other type of light source can be used as the light
source 114, if it can emit low coherent light. For example,
amplified spontaneous emission (ASE) can be used as the
light source 114.

[0091] Further, near infrared light is usable as the light to be
emitted from the light source 114 because the near infrared
light has a wavelength effective to measure an eye. Further,
the wavelength significantly influences the resolution of an
obtained tomography image in the horizontal direction.
Therefore, it is desired to set the wavelength as short as
possible. In the present exemplary embodiment, the selected
wavelength is 830 nm. Another wavelength may be selected
depending on the portion of an observation target to be mea-
sured.

[0092] An optical path of the reference light 125 is
described below. The reference light 125 (i.e., one light com-
ponent separated (dispersed) by the beam splitter 115) is
reflected by a mirror 119 (i.e., a reference object) and returns
to the beam splitter 115. When the length of the optical path
of the reference light 125 is equal to the length of an optical
path of the measurement light 124, the reference light 125 can
interfere with the measurement light 124.

[0093] Next, the optical path of the measurement light 124
is described. The measurement light 124 (i.e., the other light
component separated (dispersed) by the beam splitter 115)
reaches a mirror of an XY scanner 116, which can change the
direction of the measurement light 124 toward the eye 118.
The XY scanner 116 is functionally operable as a scanning
optical system that performs two-dimensional raster scanning
on a retina of the eye 118 in a direction perpendicular to the
optical axis by successively changing the direction of the
measurement light 124.

[0094] Although not illustrated in the drawing, the XY
scanner 116 is composed of two mirrors (i.e., an X-scanning
mirror and a Y-scanning mirror) that are positioned adjacent
to each other. Further, the measurement light 124 and the XY
scanner 116 are adjusted beforehand so as to satisfy the posi-
tional relationship that the center of the measurement light
124 coincides with the rotational center of the mirror of the
XY scanner 116.

[0095] The measurement light 124, after passing through a
lens 117, is converged onto the retina. When the measurement
light 124 reaches the eye 118 through the above-described
optical system, the measurement light 124 becomes the feed-
back light 126 when reflected and scattered by the retina of
the eye 118.

[0096] Inthe present exemplary embodiment, generating a
one-dimensional image with the measurement light 124
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reaching a point on the retina is referred to as “A-scan”
processing and the generated one-dimensional image is
referred to as “A-scan image.” Further, generating a two-
dimensional image by performing the A-scan processing at
predetermined intervals along a predetermined line on the
retinal surface is referred to as “B-scan” processing and the
generated two-dimensional image is referred to as “B-scan
image.”

[0097] A plurality of A-scan images can be obtained at a
plurality of positions when the B-scan is performed at prede-
termined intervals by successively changing the incidence
position of the measurement light. A two-dimensional B-scan
image can be obtained by performing interpolation process-
ing on the obtained plurality of A-scan images.

[0098] Further, an ordinary OCT apparatus includes a scan-
ning-type laser ophthalmoscope (not illustrated) capable of
monitoring an image-capturing position or an optical system
capable of capturing a two-dimensional image of an ocular
fundus.

[0099] Next, an example spectroscopic system is
described. As described above, the coherent light 127 is sepa-
rated (dispersed) by the diffraction grating 120. The above-
described dispersion is performed under the same wavelength
conditions as the central wavelength and the bandwidth ofthe
light source. Further, the one-dimensional sensorto be used to
measure the coherent light is generally a charge-coupled
device (CCD) type sensor or a complementary metal oxide
semiconductor (CMOS) type sensor.

[0100] The image processing apparatus 101 analyzes a
tomography image captured by the above-described tomog-
raphy image acquisition apparatus 102 (i.e., the optical coher-
ence tomography imaging apparatus). In the present exem-
plary embodiment, the tomography image acquisition
apparatus 102 may not be the optical coherence tomography
imaging apparatus itself and may be functionally operable as
an apparatus that can acquire a tomography image from the
data server 113 if the data server 113 stores tomography
images captured by the optical coherence tomography imag-
ing apparatus.

[0101] Next, an example of the tomography image of reti-
nal layers that can be acquired by the above-described tomog-
raphy image acquisition apparatus 102 is described below
with reference to FIGS. 3A and 3B. The tomography image
illustrated in FI1G. 3 has a layer structure that can be identified
by the image processing apparatus 101.

[0102] FIGS. 3A and 3B illustrate examples of the structure
of retinal layers. The layer structure identification processing
according to the present exemplary embodiment can be
applied to the retinal layers illustrated in FIGS. 3A and 3B.

[0103] FIG. 3A schematically illustrates an example
tomography image of retinal layers captured in a region
including the macula, in which each solid line represents a
layer boundary. Each of a plurality of two-dimensional
tomography images (B-scan images, hereinafter referred to
as “tomography images™) T1 to Tn, each including a macula
image, can be obtained by performing the A-Scan processing
along a line on the retinal surface so as to obtain a two-
dimensional image.

[0104] The above-described A-scan processing is dis-
cretely (i.e., discontinuously) performed at predetermined
intervals along a line. An appropriate interpolation method
can be employed to obtain an interpolated two-dimensional
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image that corresponds to an intermediate point between two
neighboring discrete points where the A-scan processing has
been performed.

[0105] The tomography image Tn includes an interface L1
of an inner limiting membrane (ILM), a nerve fiber layer
(NFL) L.2', and a boundary [.2 between the nerve fiber layer
L2' and an underlying layer thereof. Further, the tomography
image Tn includes a boundary [.3 between an inner plexiform
layer and an underlying layer thereof and a boundary [.4
between an outer plexiform layer and an underlying layer
thereof. Further, the tomography image Tn includes a bound-
ary L5 of an interface between inner and outer segments of the
photoreceptors (IS/OS) and a lower boundary 1.6 of a retinal
pigment epithelium (RPE). As described above, the retina has
a layer structure that is composed of a plurality of layers that
are sequentially positioned in the depth direction.

[0106] Discriminating the boundary between the IS/OS
and the RPE may be difficult if the performance of the OCT
imaging apparatus is insufficient, although the above-de-
scribed detection accuracy is sufficient enough to realize the
present invention.

[0107] Further, the inner limiting membrane (ILM) is a thin
layer, although it has a predetermined thickness. Similarly,
the interface between inner and outer segments of the photo-
receptors (IS/OS) is a thin layer. Therefore, these layers are
recognized as lines when an image is displayed.

[0108] Therefore, in a case where a low-resolution image is
processed, discriminating the interface of the inner limiting
membrane from the inner limiting membrane itself may be
difficult. In this case, identifying the interface of the inner
limiting membrane is not different from identifying the inner
limiting membrane itself. Further, the layer boundary is sub-
stantially identical to the interface.

[0109] In general, the retina has a layer structure that is
composed of a plurality of retinal layers as described above.
However, the retinal layer structure may be different or modi-
fied if the position to be examined is changed or if a lesion is
present.

[0110] FIG. 3B schematically illustrates another tomogra-
phy image of retinal layers in a region including the macula.
The tomography image illustrated in FIG. 3B includes a
blood vessel V1. In this case, red blood cells contained in the
blood vessel attenuate the signal light. Therefore, in a hori-
zontal area S2 in which the blood vessel V1 is present, a
pseudo-image may be generated because it is difficult to
capture an image of an underlying area positioned beneath the
blood vessel V1.

[0111] Accordingly, an apparent structure that can be iden-
tified based on the tomography image in the area S2 may be
different from that obtainable from an image of an area S1 in
which no blood vessel is present. Similarly, if a leucoma is
present, a pseudo-image may be generated because it is dif-
ficult to capture an image of an underlying area positioned
beneath the leucoma.

[0112] The region where the above-described lesion or
similar abnormality appears, i.e., the region where the struc-
ture changes greatly, is a vertical layer zone extending from
the inner limiting membrane [.1 to boundary L6 of the retinal
pigment epithelium. Therefore, after identifying the above-
described layers, their inner layers are identified.

[0113] An example flow of processing that can be per-
formed by the image processing apparatus 101 having the
above-described configuration is described below with refer-
ence to a flowchart illustrated in FIG. 4. The processing
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according to the present exemplary embodiment is identify-
ing the interface of the inner limiting membrane .1 and the
interface between inner and outer segments of the photore-
ceptors (IS/OS).

[0114] The inner limiting membrane .1 or the interface
between inner and outer segments of the photoreceptors (IS/
OS) includes a boundary between another layer and the layer
itself.

[0115] Inthe present exemplary embodiment, processing is
performed to identify the position of an interface positioned
on the upper side when seen in the depth direction because an
edge from the lower side to the upper side is seen.

[0116] If the resolution of an image is insufficient, the
width of the above-described layer may be narrower than one
pixel of the image. In this case, it may be difficult to determine
whether the position identified as a layer boundary represents
an upper-side interface, a lower side interface, or the layer
itself. In such a case, identifying an interface of a layer is not
different from identifying the layer itself.

[0117] (Step S401) Instep S401, the image acquisition unit
103 acquires an OCT image from the tomography image
acquisition apparatus 102.

[0118] (Step S402) In step S402, the image conversion unit
104 performs image conversion processing on the OCT
image acquired by the image acquisition unit 103.

[0119] In the present exemplary embodiment, the image
conversion unit 104 applies the median filter and two types of
Sobel filters to the acquired tomography image. As described
above, an image obtained through the above-described con-
version processing is referred to as a median image when the
median filter is used.

[0120] One of the above-described two types of Sobel fil-
ters is a Sobel filter that can enhance an edge from a low-
luminance pixel to a high-luminance pixel in the depth direc-
tion of the A-scan line. The other of the above-described two
types of Sobel filters is a Sobel filter that can enhance an edge
from a high-luminance pixel to a low-luminance pixel. Here-
inafter, when converted images are obtained through the
above-described conversion processing using the Sobel fil-
ters, the obtained images are sequentially referred to as Sobel
image A and Sobel image B.

[0121] FIG.5A illustrates an example of the Sobel image A,
which can be obtained by applying one of the above-de-
scribed two types of Sobel filters to an OCT image. The Sobel
image A illustrated in FIG. 5A includes enhanced edges of the
inner limiting membrane and the interface between inner and
outer segments of the photoreceptors.

[0122] FIG. 5B illustrates an example ofthe Sobel image B,
which can be obtained by applying the other of the above-
described two types of Sobel filters to the same OCT image.
The Sobel image B illustrated in FIG. 5B includes enhanced
edges of the nerve fiber layer boundary, the inner plexiform
layer, the outer plexiform layer, and the retinal pigment epi-
thelium.

[0123] The median image, the Sobel image A, and the
Sobel image B obtained through the image conversion pro-
cessing in the step S402 are stored in the data server 113.
[0124] The image conversion method is not limited to the
above-described method. For example, the above-described
median filter can be replaced by a smoothing filter (e.g., an
average value filter). Further, the image conversion process-
ing according to the present exemplary embodiment can be
realized by using a gradation conversion filter (capable of
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performing gamma correction) or a morphology filter instead
of using the smoothing filter or an edge enhancement filter.
[0125] Alternatively, a luminance value of the original
image can be directly used as an input for the next step when
the above-described image conversion processing is skipped.
[0126] (Step S403) In step S403, the luminance informa-
tion generation unit 105 generates luminance information
based on the converted image obtained in step S402.

[0127] In the present exemplary embodiment, the lumi-
nance information generation unit 105 checks the luminance
value in the depth direction, on a pixel by pixel basis, in an
image area positioned at a predetermined position. Further,
the luminance information generation unit 105 generates a
profile that represents the obtained luminance information.
[0128] The above-described predetermined position is a
one-dimensional image region extending along the A-scan
line, i.e., in the depth direction.

[0129] The A-scan line indicates a row of pixels disposed in
the depth direction of the image. The depth direction of a
profile image coincides with the direction of the axial scan-
ning (A-scan processing) performed on an OCT image. How-
ever, the row of pixels may not be a row of pixels that corre-
sponds to the position where the A-scan processing has been
performed.

[0130] In the present exemplary embodiment, the A-scan
line scanning processing is performed at intervals of five
pixels on a tomography image having a width of 256 pixels
and a height of 250 pixels. Therefore, fifty A-scan lines are set
for a piece of B-scan image. Each of the fifty A-scan lines is
designated as a target to be identified with respect to the
retinal layer boundary.

[0131] The luminance information generation unit 105
generates a profile along each of the above-described A-scan
lines. The above-described processing is performed on each
converted image obtained in the previous step and the
obtained data is stored in the data server 113 (or may be stored
in the storage unit 111).

[0132] However, the luminance information generation
method is not limited to the above-described method that is
characterized in that generation of the luminance information
is performed on a pixel by pixel basis. For example, the
luminance information can be generated based on a block
area composed of a plurality of pixels. Further, the scanning
processing along the A-scan line may be performed at differ-
ent intervals.

[0133] (Step S404) In step S404, the detection unit 106
acquires a feature area based on the luminance information
created in step S403.

[0134] Inthe present exemplary embodiment, the detection
unit 106 checks the profile generated based on the Sobel
image A. Then, the detection unit 106 acquires an area whose
luminance is equal to or greater than a predetermined thresh-
old value as the feature area. The Sobel image is an image
including an enhanced edge. The area to be detected by the
detectionunit 106 is an area in which the luminance change in
the depth direction is equal to or greater than a predetermined
threshold value. Hereinafter, the area acquired by the detec-
tion unit 106 is referred to as a peak area or a peak.

[0135] Example processing to be performed to detect a
peak from a tomography image is described below with ref-
erence to FIG. 6. In the OCT image illustrated in FIG. 6, a
vertical line A6 represents one of the A-scan lines (i.e., a row
of pixels). The OCT image illustrated in FIG. 6 further
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includes a profile PSA6 of the Sobel image A taken along the
A-scan line A6 and a profile PSB6 of the Sobel image B taken
along the A-scan line A6.

[0136] As described in step S302, the profile of the Sobel
image A and the profile of the Sobel image are characterized
in that a specific retinal layer boundary is enhanced and the
enhanced boundary appears as a peak in the graph represent-
ing a change in the luminance.

[0137] In the present exemplary embodiment, a threshold
Th is set and an area whose luminance value is equal to or
greater than the threshold Th is regarded as a peak.

[0138] Theabove-described threshold value corresponds to
the predetermined threshold value or the first threshold value
according to the present invention. As described above, the
peak detection processing is performed along each A-scan
line. Peak information (e.g., position and magnitude)
obtained through the above-described processing is stored in
the data server 113.

[0139] In the present exemplary embodiment, the position
of'the peak represents the position of a local maximum point
in a detected peak area and the magnitude of the peak repre-
sents the magnitude of the local maximum point. The local
maximum point in the peak area is regarded as a feature point.
[0140] Inthe present exemplary embodiment, the detection
unit 106 acquires the above-described peak position as the
position of a layer boundary, although the type of a layer
boundary whose position has been identified is not yet iden-
tified at this moment.

[0141] The feature area detection method is not limited to
the above-described method. For example, any other point
(e.g., aprofile maximum point or a profile minimum point) in
the feature area can be used to detect the feature point.
[0142] Insteps S405 and S406, the structure determination
unit 1071 performs processing to determine a structure based
on the layer boundary or the edge detected by the detection
unit 106. In the present exemplary embodiment, the structure
determination unit 1071 determines the type of alayer bound-
ary that is present in each of the A-scan lines.

[0143] (Step S405) In step S405, the template selection unit
107 roughly estimates the structure of a retinal layer to be
identified based on the feature points detected in step S404.
Then, the template selection unit 107 selects an appropriate
template that is similar to the detected layer structure.
[0144] Through the above-described processing, a layer
boundary type that corresponds to any one of layer bound-
aries at the peak position acquired by the detection unit 106
can be determined. Then, the layer boundary identifying unit
108 identifies a correspondence relationship in relation to the
type of the detected layer boundary based on the position
acquired in step S404 and the template information.

[0145] Detailed processing to be performed in step S405 is
described below with reference to the flowchart illustrated in
FIG. 7. The flowchart illustrated in FIG. 7 describes process-
ing to be performed for each A-scan line. If the processing
according to the flowchart illustrated in FIG. 7 is thoroughly
completed for all of the A-scan lines, the processing proceeds
to step S406.

[0146] (Step S406) In step S406, the layer boundary inter-
polationunit 109 interpolates the retinal layer boundary along
each A-scan line from which no retinal layer boundary was
identified. Detailed processing to be performed in step S406
is described below with reference to the flowchart illustrated
in FIG. 11.
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[0147] In the flowchart illustrated in FIG. 11, the layer
boundary interpolation unit 109 performs branched process-
ing for each of the A-scan lines. If the processing according to
the flowchart illustrated in FIG. 11 is thoroughly completed
for all of the A-scan lines, the processing proceeds to step
S407.

[0148] (Step S407) In step S407, the display control unit
110 causes the display unit 112 to display interpolated lines
that can be obtained by connecting boundary points of the
inner limiting membrane or the interface between inner and
outer segments of the photoreceptors, which have been iden-
tified at predetermined intervals along each A-scan line.
[0149] As described above, when the type of each layer
boundary to be identified is determined with reference to the
features than can be extracted from an image, it becomes
feasible to eliminate errors in identifying the type of each
layer boundary.

[0150] Further, when a template is selected and applied in
the above-described processing to identify each layer bound-
ary, the position of the layer boundary can be identified with
reference to the features extracted from an image. Therefore,
the position of each detected layer boundary can be identified
accurately or reliably.

[0151] Next, an example flow of the processing to be per-
formed in step S405, i.e., example processing that can be
performed by the template selection unit 107 and the layer
boundary identifying unit 108, is described below with refer-
ence to FI1G. 7.

[0152] (StepS701) In step S701, the template selection unit
107 selects a row of pixels (A-scan line) as a target to be
analyzed. More specifically, the template selection unit 107
successively selects a row of pixels disposed in the depth
direction at intervals of five pixels in the horizontal direction.
The interval in the above-described processing is not limited
to five pixels and can be arbitrarily set.

[0153] (Step S702) In step S702, the template selection unit
107 counts the total number of the feature points along each
A-scan line and determines the type of each detected layer
boundary (i.e., a target to be identified). If the total number of
the feature points is two, the template selection unit 107
determines that each of the interface of the inner limiting
membrane and the interface between inner and outer seg-
ments of the photoreceptors as a layer boundary to be identi-
fied. Then, the processing proceeds to step S703. If the total
number of the feature points is not two, the processing pro-
ceeds to step S705.

[0154] Detailed processing is described below with refer-
ence to FIG. 8. FIG. 8 illustrates an example tomography
image of retinal layers, in which vertical lines A81 and A82
represent two A-scan lines. Further, PSA81 and PSAR8I1 rep-
resent profiles obtained from the Sobel image A.

[0155] To estimate a retinal layer, the template selection
unit 107 counts the number of peaks appearing on each pro-
file. The tomography image illustrated in FIG. 8 includes the
blood vessel V1 that generates a pseudo-image. Due to the
presence of the blood vessel V1, the interface between inner
and outer segments of the photoreceptors cannot be identified
along or in the vicinity of the A-scan line A81 in the tomog-
raphy image illustrated in FIG. 8.

[0156] Therefore, the template selection unit 107 counts
the number of peaks appearing on the profile of the Sobel
image A along each A-scan line. If the total number of the
counted peaks is two, the template selection unit 107 deter-
mines that the inner limiting membrane and the interface
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between inner and outer segments of the photoreceptors may
be present in the image when taken along or in the vicinity of
the A-scan line.

[0157] In this case, the template selection unit 107 deter-
mines that the type of the target (i.e., the layer boundary) to be
identified is both the inner limiting membrane and the inter-
face between inner and outer segments of the photoreceptors.
Subsequently, the processing proceeds to step S702.

[0158] If only one peak is present, the template selection
unit 107 determines that only the inner limiting membrane
may be present in the image when taken along or in the
vicinity of the A-scan line. In this case, the template selection
unit 107 determines that the type of the target (i.e., the layer
boundary) to be identified is the inner limiting membrane.
Subsequently, the processing proceeds to step S303.

[0159] If the total number of the counted peaks is not the
above-described number (two or one), the template selection
unit 107 determines that a noise may be present. In this case,
the template selection unit 107 determines that the type of the
target (i.e., the layer boundary) to be identified is nothing. The
template selection unit 107 does not identify any retinal layer
boundary along the A-scan line.

[0160] As described above, even when a layer boundary is
detected based on an edge or edges by the detection unit 106,
if an appropriate template is not present, the template selec-
tion unit 107 determines that an anatomical layer boundary
type cannot be identified and does not perform layer bound-
ary identification processing because the detected layer
boundary is regarded as a noise.

[0161] (Step S703) In step S703, the template selection unit
107 selects a template from the storage unit 111 according to
the number of layer boundaries detected based on feature
points (i.e., edges).

[0162] (Step S704)Thelayer boundary identifying unit 108
performs layer boundary identification processing along the
A-scan line that was presumed in step S702 as positioning in
an area where both the interface of the inner limiting mem-
brane and the interface between inner and outer segments of
the photoreceptors are present.

[0163] In the present exemplary embodiment, the layer
boundary identifying unit 108 successively identifies, from a
shallow side, the positions of two feature points as the inter-
face of the inner limiting membrane and the interface between
inner and outer segments of the photoreceptors with reference
to the template information.

[0164] The layer boundary identifying unit 108 can also
perform the following processing. Example processing that
can be performed by the layer boundary identifying unit 108
is described below in detail with reference to FIG. 9. FIG. 9
illustrates an example tomography image of retinal layers, in
which a vertical line A9 represents one of the A-scan lines.
The tomography image illustrated in FIG. 9 further includes
aprofile PSA9 obtained from the Sobel image A and a profile
PMD?9 obtained from the median image.

[0165] Further, a plurality of profiles used in the present
step includes a reference profile PRE9 that can be derived
from the profile obtained from the median image. The refer-
ence profile PRE9 is additionally prepared to identify the
boundaries of the target two layers (i.e., the interface of the
inner limiting membrane and the interface between inner and
outer segments of the photoreceptors). The reference profile
PRED9 is a typical example of the profile taken along the
A-scan line extending in an area where both of the target two



US 2014/0176905 Al

layers (i.e., the interface of the inner limiting membrane and
the interface between inner and outer segments of the photo-
receptors) are present.

[0166] In the present exemplary embodiment, the typical
example indicates a tendency of the luminance between
respective layers along the A-scan line extending in an area
where both of the target two layers (i.e., the interface of the
inner limiting membrane and the interface between inner and
outer segments of the photoreceptors) are present, in which
no noise is present.

[0167] For example, when the luminance value is observed
in an intermediate region between the interface of the inner
limiting membrane and the interface between inner and outer
segments of the photoreceptors, there is a tendency that the
luminance value becomes higher in a region adjacent to the
inner limiting membrane because of the presence of the nerve
fiber layer and the inner plexiform layer. The reference profile
PRED9 to be prepared in the present exemplary embodiment
possesses the above-described tendency in the luminance
features.

[0168] The reference profile PRE9 is not limited to the
above-described example. Any other profile can be employed
if the luminance tendency of each retinal layer and a posi-
tional relationship between retinal layers can be identified
based on the employed profile.

[0169] The reference profile PRE9 does not reflect the
thickness of each retinal layer, although the thickness is gen-
erally variable depending on the position of the A-scan line.
Therefore, the reference profile PRE9 is employable for any
A-scan line extending in an area where both of the target two
layers (i.e., the interface of the inner limiting membrane and
the interface between inner and outer segments of the photo-
receptors) are present.

[0170] The layer boundary identifying unit 108 uses the
reference profile PRE9 to determine whether the detected two
peaks coincide with the above-described two layers (i.e., the
interface of the inner limiting membrane and the interface
between inner and outer segments of the photoreceptors)
[0171] First, the layer boundary identifying unit 108 calcu-
lates an average luminance value between respective peaks
appearing on the profile PSA9. The layer boundary identify-
ing unit 108 uses, as a luminance value, a value of the profile
PMD9 corresponding to the position of the profile PSA9.
[0172] The layer boundary identifying unit 108 refers to
two peaks of the profile PSA9 as a first peak and a second
peak, respectively, which are positioned in this order from the
shallow side. The layer boundary identitying unit 108 calcu-
lates the average luminance value in a range extending from
the first peak to the second peak (hereinafter, referred to as
“peak-to-peak A1”). The range “peak-to-peak A1~ includes
two equally divided ranges. One of the above-described two
divided ranges, which is adjacent to the first peak, is referred
to as “peak-to-peak A11.” The other of the above-described
two divided ranges, which is adjacent to the second peak, is
referred to as “peak-to-peak A12.”

[0173] Further, the layer boundary identifying unit 108 cal-
culates an average luminance value of the background (i.e.,
the remaining area other than the retinal layers) of the image.
In the present exemplary embodiment, the layer boundary
identifying unit 108 performs binarization processing using a
threshold value that can be experimentally determined for the
median image.

[0174] The above-described average luminance value cal-
culation by the layer boundary identifying unit 108 is exclu-
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sively performed for a target area whose luminance value is
less than the threshold value. The background average lumi-
nance value calculation method is not limited to the above-
described method.

[0175] The threshold value to be used in the binarization
processing can be determined according to the discriminant
analysis method or the Percentile method (P-tile method).
Further, it may be useful that the layer boundary identifying
unit 108 calculates an average luminance value using lumi-
nance values at an upper edge and a lower edge of an image
that does not include any retinal layers.

[0176] Next, the layer boundary identifying unit 108 com-
pares the calculated average luminance values to determine a
relationship between them in the magnitude while taking the
reference profile PRE9 into consideration. Two conditions to
be satisfied with respect to the average luminance values,
which can be derived from the reference profile PRE9, are
peak-to-peak Al>background average luminance value and
peak-to-peak All>peak-to-peak A12.

[0177] The layer boundary identifying unit 108 confirms
whether the calculated average luminance values coincide
with the above-described two layers (i.e., the interface of the
inner limiting membrane and the interface between inner and
outer segments of the photoreceptors) by checking whether
the calculated average luminance values satisfy the above-
described conditions.

[0178] If the above-described conditions are all satisfied,
the layer boundary identifying unit 108 identifies the first
peak as the interface of the inner limiting membrane and
identifies the second peak as the interface between inner and
outer segments of the photoreceptors. The identified relation-
ship is stored in the data server 113.

[0179] If any one of the above-described conditions is not
satisfied, the layer boundary identifying unit 108 determines
that there is not any template that suits for the concerned
A-scan line and does not identify any retinal layer boundary.

[0180] (Step S705) In step S705, the template selection unit
107 determines whether the total number of the edges
counted along the A-scan line is only one. If there is only one
counted edge, the template selection unit 107 identifies the
interface of the inner limiting membrane as a layer boundary
to be identified. Then, the processing proceeds to step S706.

[0181] Ifthereis notany counted edge or if the total number
of the counted edges is three or more, the template selection
unit 107 determines that an appropriate template is not
present. Then, the processing proceeds to step S708.

[0182] As described above, if there is not any appropriate
template that can be applied to a detected layer boundary, the
template selection unit 107 presumes that the layer boundary
detection has failed and does not perform identification pro-
cessing.

[0183] As described above, the template selection unit 107
performs layer structure determination processing along the
A-scan line using the entire information of the A-scan line.
Therefore, the layer structure determination according to the
present exemplary embodiment is robust against noise and
structural change (or modification).

[0184] (Step S706) In step S706, the template selection unit
107 selects a template that is applicable when only one feature
point is present, and acquires the selected template from the
storage unit 111.
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(Step S707)

[0185] The layer boundary identifying unit 108 performs
layer boundary identification processing along the A-scan
line that was determined as positioning in an area where only
the inner limiting membrane is present in an image.

[0186] Inthis case, the layer boundary identifying unit 108
identifies the position of one feature point as the interface of
the inner limiting membrane with reference to the template
information.

[0187] The layer boundary identifying unit 108 can also
perform the following processing. Example processing that
can be performed by the layer boundary identifying unit 108
is described below in detail with reference to F1IG. 10. FIG. 10
illustrates an example tomography image of retinal layers, in
which a vertical line A10 represents one of the A-scan lines.
The tomography image illustrated in FIG. 10 further includes
a profile PSA10 obtained from the Sobel image A and a
profile PMD10 obtained from the median image.

[0188] Further, a plurality of profiles used in the present
step includes a reference profile PRE10 that can be derived
from the profile obtained from the median image. The refer-
ence profile PRE10 is additionally prepared to identify the
boundary of the inner limiting membrane. The reference pro-
file PRE10 is a typical example of the profile taken along the
A-scan line extending in an area where the inner limiting
membrane and an underlying pseudo-image are present. The
layer boundary identifying unit 108 determines whether the
detected peak coincides with the inner limiting membrane.
[0189] In the present step, the layer boundary identifying
unit 108 calculates an average luminance value in a predeter-
mined range on one side of the peak as well as in a predeter-
mined range on the other side of the peak with reference to the
profile PSA10 and the profile PMD10. More specifically, the
layer boundary identifying unit 108 sets two calculation
ranges having a length corresponding to ten pixels (hereinaf-
ter, referred to as peak-up B1 and peak-down B2) on both
sides of the peak on the A-scan line.

[0190] Next, the layer boundary identifying unit 108 com-
pares the calculated average luminance values to determine a
relationship between them in the magnitude while taking the
typical example profile into consideration. Only one condi-
tion to be satisfied with respect to the average luminance
values, which can be derived from the reference profile
PRE10, is peak-up Bl<peak-down B2.

[0191] The layer boundary identifying unit 108 confirms
whether the calculated average luminance values coincide
with the interface of the inner limiting membrane by checking
whether the calculated average luminance values satisfy the
above-described condition.

[0192] If the above-described condition is satisfied, the
layer boundary identifying unit 108 identifies the peak as the
interface of the inner limiting membrane. The identified rela-
tionship is stored in the data server 113.

[0193] Ifthe above-described condition is not satisfied, the
layer boundary identifying unit 108 does not identify any
retinal layer boundary along the concerned A-scan line.
[0194] (Step S708) In step S708, the layer boundary iden-
tifying unit 108 determines whether the A-scan lines located
in an area including a target layer boundary to be identified
have been all selected. In the determination in this step, the
presence of an appropriate template is not taken into consid-
eration.

[0195] Ifthe processing of the flowchart illustrated in FIG.
7 is completed for all of the A-scan lines each positioned in
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the area including the target retinal layer boundary to be
identified, the processing proceeds to step S406. If it is deter-
mined that there is at least one A-scan line that is not selected
(NO in step S708), the processing proceeds to step S701.
[0196] As described above, the layer boundary identifying
unit 108 determines the type of a layer boundary to be iden-
tified according to the number of edges (i.e., the feature
points) detected along the A-scan line at predetermined inter-
vals in the horizontal direction.

[0197] Thus, the layer boundary identifying unit 108 can
identify the type of each layer boundary according to a change
in structure or feature in an image. Further, the layer boundary
identifying unit 108 can identify the position and the type of
each layer boundary based on template information accord-
ing to the number of feature points. Therefore, the layer
boundary identifying unit 108 can identify the type and the
position of each layer boundary according to a change in
structure or feature in an image.

[0198] Next, example processing that can be performed by
the layer boundary interpolation unit 109 in step S406 is
described below with reference to the flowchart illustrated in
FIG. 11. The layer boundary interpolation unit 109 performs
the above-described interpolation processing for each layer
boundary type.

[0199] The layer boundary interpolation unit 109 sets a
search range for an unidentified part of a layer boundary
whose remaining part was already identified and then identi-
fies the position of the layer boundary in the search range.
[0200] For example, when a target layer boundary to be
interpolated is the interface of the inner limiting membrane,
the layer boundary interpolation unit 109 identifies the posi-
tion of the inner limiting membrane at the A-scan line extend-
ing in an area where the inner limiting membrane was not
identified based on positional information of the inner limit-
ing membrane already identified by the layer boundary iden-
tifying unit 108.

[0201] (Step S1101) In step S1101, the layer boundary
interpolation unit 109 selects an A-scan line extending in an
area including a target portion of a layer boundary to be
identified. In the present exemplary embodiment, the layer
boundary interpolation unit 109 selects the A-scan line
extending in an area where the position of a layer boundary
was not identified in the above-described processing per-
formed in step S405. In this case, the A-scan line extending in
an area where the position of a layer boundary was not iden-
tified is the A-scan line to which no template is applicable.
[0202] (Step S1102) The layer boundary interpolation unit
109 sets a local area (hereinafter, referred to as “neighbor-
hood area™) that surrounds the A-scan line extending in an
area where the position of'a layer boundary was not identified.
The layer boundary interpolation unit 109 performs interpo-
lation processing based on coordinate information of the reti-
nal layer boundary identified in the neighborhood area.
[0203] The processing to be performed in step S1102 is
described below in more detail with reference to FIG. 12, in
which A12 represents the A-scan line extending in the area
where no retinal layer boundary was identified and R repre-
sents the neighborhood area surrounding the A-scan line A12
positioned at the center thereof. The layer boundary interpo-
lation unit 109 performs range setting in such a way as to
involve a predetermined number of A-scan lines in the neigh-
borhood area.

[0204] The above-described neighborhood area is a rectan-
gular area having each side comparable to nine A-scan lines
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(i.e., a square of 9x9 A-scan lines), in which the target A-scan
line (i.e., the A-scan line extending in an area including a
target layer boundary to be identified) is positioned at the
center thereof.

[0205] In the neighborhood area set around the target
A-scan line, if the total number of the A-scan lines along
which the retinal layer boundary has already been identified is
less than a predetermined number (NO in step S1102), the
layer boundary interpolation unit 109 determines that the
interpolation processing to be performed will become unre-
liable. In this case, the processing proceeds to step S1107.
Namely, the layer boundary interpolation unit 109 skips the
interpolation processing.

[0206] If the total number of the A-scan lines along which
the retinal layer boundary has already been identified is
greater than the predetermined number (YES in step S1102),
then in step S1103, the layer boundary interpolation unit 109
performs the interpolation processing.

[0207] If the total number of the identification completed
A-scan lines is less than the predetermined number, the layer
boundary interpolation unit 109 repeats the processing of
steps S1101 through S1107 to successively identify retinal
layer boundaries located in the neighborhood area. When the
total number of the identification completed A-scan lines
exceeds the predetermined number, the layer boundary inter-
polation unit 109 starts the interpolation processing.

[0208] In the present exemplary embodiment, the above-
described predetermined number is equal to a half of the total
number of the A-scan lines that are present in the neighbor-
hood area, i.e., 40.

[0209] (Step S1103) In step S1103, the layer boundary
interpolation unit 109 calculates a feature quantity required to
identify a retinal layer boundary about the A-scan line extend-
ing in an area where the position of the retinal layer boundary
was not identified. The layer boundary interpolation unit 109
calculates the feature quantity based on information relating
to the A-scan line along which the retinal layer boundary has
already been identified.

[0210] In the present exemplary embodiment, the layer
boundary interpolation unit 109 sets a local area (hereinafter,
referred to as “neighborhood area”) that surrounds the A-scan
line along which the position of the retinal layer boundary
was not identified. The layer boundary interpolation unit 109
calculates a reference position based on the retinal layer
boundary already identified in the neighborhood area. As
illustrated in FIG. 12, the A-scan line along which the position
of the retinal layer boundary was not identified is located at
the center of the neighborhood area set by the layer boundary
interpolation unit 109.

[0211] The layer boundary interpolation unit 109 obtains
an average z-coordinate value of each retinal layer boundary
identified in the neighborhood area and designates the
obtained z-coordinate position as a reference position.
[0212] The determination condition to be satisfied in
executing the calculation of the reference position is similar
to that used in step S402. More specifically, the layer bound-
ary interpolation unit 109 performs the reference position
calculation processing by checking whether the total number
of'the A-scan lines along which the retinal layer boundary has
already been identified in the neighborhood area is greater
than or smaller than a predetermined number.

[0213] If the reference position calculation processing is
completed, the layer boundary interpolation unit 109 deter-
mines an image area that can be regarded as including the
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layer boundary based on the calculated reference position of
each layer as a search range. The layer boundary interpolation
unit 109 identifies the retinal layer boundary that corresponds
to the A-scan line in the above-described search range.
[0214] The layer boundary interpolation unit 109 sets a
predetermined range in the depth direction, as a search range
for the retinal layer boundary, using the average z-coordinate
value of each retinal layer that has been calculated as the
reference position. For example, the predetermined range in
the depth direction set by the layer boundary interpolation
unit 109 includes an upper range corresponding to five pixels
set on the upper side of the average z-coordinate value and a
lower range corresponding to five pixels set on the lower side
of the average z-coordinate value.

[0215] As described above, the layer boundary interpola-
tion unit 109 refers to a depth directional position of a layer
boundary whose position has already been identified by the
layer boundary identifying unit 108 to set a search range for a
portion of the layer boundary whose position was not identi-
fied the layer boundary identifying unit 108.

[0216] The search range setting is not limited to the above-
described example and any other appropriate setting can be
employed. For example, if an image includes a small amount
of'noises, the layer boundary identification processing can be
performed accurately by setting a greater search range.
[0217] Further, if the structure of a layer is comparatively
simple and flat, it is unnecessary to set a greater search range.
Therefore, it may be useful to change the search range with
reference to structural information of peripheral layers. Fur-
ther, when the isotropy of noises is taken into consideration,
it may be useful to locally separate noises from signal com-
ponents by extracting noise components from the entire
image or along an A-scan line to be processed.

[0218] (Step S1104) In step S1104, the layer boundary
interpolation unit 109 searches for a peak area along the
profile of the Sobel image A within the search range. In this
case, the peak area is an area in the vicinity of a local maxi-
mum value that is equal to or greater than a predetermined
value in the profile of the Sobel image A.

[0219] The peak area corresponds to an area where the
luminance change in a tomography image exceeds a prede-
termined threshold value. The above-described predeter-
mined threshold value corresponds to a second threshold
value according to the present invention.

[0220] As the layer boundary interpolation unit 109 can set
a narrower search range to effectively perform peak search
processing, the layer boundary interpolation unit 109 can find
a smaller peak area with a threshold value that is smaller than
the first threshold value set by the detection unit 106 in step
S404.

[0221] Further, as the layer boundary interpolation unit 109
can set a search range based on an average value of the depth
directional position of the layer boundary already identified
in the neighborhood area, the possibility that the layer bound-
ary is present in the search range set by the layer boundary
interpolation unit 109 is higher.

[0222] (Step S1105) The layer boundary interpolation unit
109 determines whether the peak area is present. If the peak
area is present, the layer boundary interpolation unit 109
determines that the position of the target layer boundary to be
interpolated can be identified. Therefore, the processing pro-
ceeds to step S1106 in which the layer boundary interpolation
unit 109 continues the interpolation processing.
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[0223] Ifno peak area is present, the layer boundary inter-
polation unit 109 determines that the reliability of the inter-
polation processing if performed becomes lower. Therefore,
the layer boundary interpolation unit 109 skips the interpola-
tion processing. The processing proceeds to step S1107.
[0224] Ifthere is not any peak area detected in step S1105,
the layer boundary interpolation unit 109 may identify a
position where the edge component of the Sobel image A
becomes largest in the search range as a retinal layer bound-
ary.

[0225] (Step S1106) The layer boundary interpolation unit
109 identifies the position of the peak area having a largest
luminance change as the position of the target boundary.
[0226] (Step S1107) The layer boundary interpolation unit
109 determines whether the above-described layer boundary
identification processing has been completed for all of the
A-scan lines located in the area where the target layer bound-
ary to be identified is present.

[0227] If the layer boundary interpolation unit 109 deter-
mines that there is at least one A-scan line not subjected to the
above-described layer boundary identification processing,
the processing returns to step S1101 in which the layer bound-
ary interpolation unit 109 repeats the interpolation process-
ing.

[0228] In this case, the layer boundary interpolation unit
109 newly sets a search range for a layer portion whose
position was not identified, based on the depth directional
position of a layer boundary whose position has already been
identified by the layer boundary identifying unit 108 or the
layer boundary interpolation unit 109.

[0229] Then, the layer boundary interpolation unit 109 fur-
ther identifies the position of the layer boundary portion
whose position was not identified, based on a luminance
change in the depth direction within the newly set search
range. The layer boundary interpolation unit 109 repetitively
performs the above-described processing to successively
identify an unidentified portion of the layer boundary, with
reference to the closest identified portion of the layer bound-
ary.

[0230] Ifthe above-described layer boundary identification
processing is completed for all target A-scan lines, the layer
boundary interpolation unit 109 terminates the processing of
the flowchart illustrated in FIG. 11. Alternatively, the layer
boundary interpolation unit 109 may terminate the processing
of the flowchart illustrated in FIG. 11 if the processing time
exceeds a predetermined time or when the total number of the
repetitively performed loop processing exceeds a predeter-
mined value.

[0231] Moreover, the total number of the A-scan lines hav-
ing been subjected to the above-described layer boundary
identification processing may not change even after the layer
boundary interpolation unit 109 has performed the loop pro-
cessing of steps S1101 to S1107 a predetermined number of
times. In such a case, the layer boundary interpolation unit
109 can forcibly terminate the processing of the flowchart
illustrated in FIG. 11.

[0232] As described above, the layer boundary interpola-
tion unit 109 determines a search range based on the depth
directional position of the already identified layer boundary
and identifies the position of an unidentified portion of the
layer boundary based on a luminance change in the search
range having been set.

[0233] Thus, the present exemplary embodiment can
improve the accuracy of the layer boundary identification
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processing compared to a case where the layer boundary
identification processing is performed based on a luminance
change in the entire range of the A-scan line.

[0234] Further, the layer boundary interpolation unit 109
can set a narrower search range and can set a smaller threshold
value to be used to search for a peak. Thus, the layer boundary
interpolation unit 109 can identify the position of an uniden-
tified portion of the layer boundary based on a smaller lumi-
nance change.

[0235] Asdescribed above, the image processing apparatus
according to the present exemplary embodiment calculates a
luminance value and a boundary position of each retinal layer
in the neighborhood area, in the processing to be performed to
identify a retinal layer boundary included in a tomography
image of an eye to be examined.

[0236] Then, the image processing apparatus according to
the present exemplary embodiment sets conditions to be sat-
isfied to perform retinal layer boundary identification pro-
cessing based on the obtained information. Thus, the image
processing apparatus 101 can accurately perform the retinal
layer boundary identification processing even when the lumi-
nance value or the layer structure of a target retinal layer is
changed.

[0237] For example, according to the OCT, the profile of
the same retinal layer may change greatly depending on a
portion to be examined. Even when such a change occurs in
the luminance value, the image processing apparatus accord-
ing to the present exemplary embodiment can set appropriate
retinal layer boundary identification conditions for a target
layer portion to be identified referring to the information of
each retinal layer obtainable in the neighborhood area and can
accurately identify the position of the retinal layer boundary.
[0238] Further, the image processing apparatus according
to the present exemplary embodiment can set appropriate
retinal layer boundary identification conditions from an input
image, without performing manual adjustment of the thresh-
old value, while taking individual differences and machine
model differences in the tendency of the luminance value into
consideration.

[0239] Accordingly, the image processing apparatus
according to the present exemplary embodiment can elimi-
nate errors in identifying the type of each layer boundary even
when different types of later structures appear in an optical
coherence tomography image of an eye to be examined.
[0240] In a second exemplary embodiment, the present
invention is applied to identification of the interface of the
nerve fiber layer, the interface of the inner plexiform layer,
and the interface of the outer plexiform layer.

[0241] Further, the present exemplary embodiment
includes processing to be performed to determine whether the
profile of an image coincides with template information when
the template information is selected. The template selection
unit 107 can serve as the above-described determination unit.
It may also be desired to provide a circuit capable of func-
tionally operable as the determination unit.

[0242] In the present exemplary embodiment, it is pre-
sumed that the interface of the inner limiting membrane and
the interface between inner and outer segments of the photo-
receptors are identified beforehand. The present exemplary
embodiment includes preparing a reference profile that rep-
resents a layer structure for each of the nerve fiber layer, the
inner plexiform layer, and the outer plexiform layer. The
present exemplary embodiment further includes selecting an
optimum reference profile to be used to identity each retinal
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layer boundary with reference to the number of feature points
obtained from the profile of the Sobel image B.

[0243] The present exemplary embodiment includes pro-
cessing to be performed to determine whether the selected
template is appropriate with reference to luminance values
obtained in upper and lower areas of a luminance change peak
position. Respective retinal layers are different from each
other in reflectance. Therefore, accurately identifying each
layer boundary and the type of the detected layer are feasible
based on the luminance values of the above-described layer
areas. An image processing system according to the present
exemplary embodiment is similar to that described in the first
exemplary embodiment and therefore its description is not
repeated.

[0244] An example flow of processing that can be per-
formed by the image processing apparatus 101 according to
the present exemplary embodiment is described below with
reference to a flowchart illustrated in FIG. 13. The processing
in FIG. 13 includes a portion similar to the processing
described in the first exemplary embodiment and therefore its
description is not repeated.

[0245] (Step S1304) In step S1304, the image processing
apparatus 101 identifies the interface of the inner limiting
membrane and the interface between inner and outer seg-
ments of the photoreceptors. The image processing apparatus
101 can perform the above-described identification process-
ing using the method described in the first exemplary embodi-
ment or using another method.

[0246] For example, the image processing apparatus 101
acquires a tomography image in which the position of the
above-described layer boundary is identified beforehand.
Then, the image processing apparatus 101 can perform the
above-described identification processing based on the iden-
tified position data.

[0247] The image processing apparatus 101 identifies the
interface of the nerve fiber layer, the interface of the inner
plexiform layer, and the interface of the outer plexiform layer
based on the above-described positions of the interface of the
inner limiting membrane and the interface between inner and
outer segments of the photoreceptors.

[0248] (Step S1306) In step S1306, the template selection
unit 107 selects template information and the layer boundary
identifying unit 108 performs layer boundary identification
processing. The present exemplary embodiment is different
from the first exemplary embodiment in performing process-
ing to determine whether the selected template information
matches with the profile of the tomography image, after the
template selection processing is completed, as described
below in more detail.

[0249] (Step S1307) In step S1307, the image processing
apparatus 101 performs interpolation processing on a layer
boundary that was not identified in step S1306 to interpolate
the position of the unidentified layer boundary. The process-
ing to be performed in step S1307 is different from the pro-
cessing described in the first exemplary embodiment in iden-
tifying a peak position of a peak area that is closest to the
calculated average Z-coordinate, among peak areas discov-
ered in the search range, as the position of the layer boundary,
as described below in more detail.

[0250] An example flow of the processing to be performed
by the template selection unit 107 and the layer boundary
identifying unit 108 in step S1306 is described below with
reference to the flowchart of FIG. 14. The processing in FI1G.
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14 includes a portion similar to the processing described in
the first exemplary embodiment and therefore its description
is not repeated.

[0251] (Step S1402) Processing to be performed in step
S1402 contains all ofthe processing performed in steps S702,
8703, S705, and S706 described in the first exemplary
embodiment. The processing to be performed in step S1402 is
described below in more detail with reference to FIG. 15.
FIG. 15 illustrates an example tomography image of retinal
layers, in which vertical lines A151 and A152 represent two
A-scan lines. The tomography image illustrated in FIG. 15
further includes profiles PSB151 and PSB152 obtained from
the Sobel image B.

[0252] The depth directional range of the profile to be used
in the layer structure determination processing has an upper
edge and a lower edge that correspond to the interface of the
inner limiting membrane and the interface between inner and
outer segments of the photoreceptors that are identified
beforehand, respectively. Therefore, the layer structure deter-
mination processing is performed only in the range indicated
by solid lines of the profiles PSB151 and PSB152 illustrated
in FIG. 15.

[0253] To estimate each retinal layer, the template selection
unit 107 counts the number of peaks appearing along the
profile in the range extending from the inner limiting mem-
brane to the interface between inner and outer segments of the
photoreceptors. The nerve fiber layer may not be included in
an image if the position of a selected A-scan line is inappro-
priate (see the profile PSB152 illustrated in FIG. 15).

[0254] Considering the above-described situation, the tem-
plate selection unit 107 counts the number of peaks along the
profile of the Sobel image B in each A-scan line and, if the
number of detected peaks is three, the template selection unit
107 determines that there is a higher possibility that the nerve
fiber layer, the inner plexiform layer, and the outer plexiform
layer are present along the target A-scan line.

[0255] The above-described each layer is a layer boundary
or a candidate of the layer that exists at a position correspond-
ing to the A-scan line (processing target) and the peak posi-
tion is a candidate of the position of the above-described each
layer. Thus, in this case, the template selection unit 107
selects a reference profile employable when the number of
peaks is three.

[0256] Ifthe number of detected peaks is two, the template
selection unit 107 determines that there is a higher possibility
that the inner plexiform layer and the outer plexiform layer
are present along the target A-scan line. The above-described
each layer is a candidate of the layer that exists at a position
corresponding to the A-scan line (processing target) and the
peak position is a candidate of the position of the above-
described each layer. Thus, in this case, the template selection
unit 107 selects a reference profile employable when the
number of peaks is two.

[0257] In the present exemplary embodiment, the image
used in the above-described layer boundary identification
processing is the Sobel image B. The above-described Sobel
image B is an image that can be obtained by extracting each
lower-side edge at which the luminance value changes from a
larger side to a lower side in the depth direction.

[0258] (Step S1403) In step S1403, the template selection
unit 107 determines whether the reference profile has been
selected for the A-scan line (i.e., the processing target). If it is
determined that the reference profile has been selected (YES
in step S1403), the template selection unit 107 can perform
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layer boundary identification processing. Therefore, the pro-
cessing proceeds to step S1404.

[0259] Ifno reference profile has been selected (NO in step
S1403), the template selection unit 107 determines that the
layer boundary identification processing is unfeasible due to
the presence of noise. Therefore, the processing proceeds to
step S1408 in which the template selection unit 107 starts
template selection processing for the next A-scan line.
[0260] (Step S1404) The determination unit determines
whether the template selected in step S1403 matches the
A-scan line to be processed. To this end, in step S1404, the
determination unit calculates luminance values of respective
feature points.

[0261] (Step S1405) In step S1405, the determination unit
compares the calculated luminance values of respective fea-
ture points in the magnitude with luminance information of
the reference profile (i.e., the template information).

[0262] (Step S1406) In step S1406, the determination unit
determines whether the template information matches the
A-scan line to be processed based on the above-described
comparison result. If the template information matches the
A-scan line to be processed (YES in step S1406), the deter-
mination unit determines that the layer boundary identifica-
tion processing is feasible. Therefore, the processing pro-
ceeds to step S1407.

[0263] If the template information does not match the
A-scan line to be processed (NO in step S1406), the determi-
nation unit determines that the template determination is
unfeasible. Therefore, the image processing apparatus 101
skips the identification processing. The processing proceeds
to step S1408.

[0264] The processing to be performed in step S1407 and
step S1408 is similar to the processing described in the first
exemplary embodiment and therefore its description is not
repeated. Hereinafter, the processing to be performed in steps
S1404 to S1406 is described below in more detail.

[0265] Example processingto be performed when the num-
ber of detected feature points is three is described below in
more detail with reference to FIG. 16. FIG. 16 illustrates an
example tomography image of retinal layers, in which a ver-
tical line A16 represents one of the A-scan lines. The tomog-
raphy image illustrated in FIG. 16 further includes a profile
PSB16 obtained from the Sobel image B and a profile PMD16
obtained from the median image.

[0266] Further, a plurality of profiles used in the present
step includes a reference profile PRE16 that can be derived
from the profile obtained from the median image. The refer-
ence profile PRE16 is additionally prepared to identify each
boundary of the target three layers (i.e., the nerve fiber layer,
the inner plexiform layer, and the outer plexiform layer).
[0267] The reference profile PRE16 is a typical example of
the profile taken along the A-scan line extending in an area
where the nerve fiber layer, the inner plexiform layer, and the
outer plexiform layer are present.

[0268] In the present exemplary embodiment, the typical
example indicates a tendency of the luminance between
respective layers along the A-scan line extending in an area
where the target three layers (i.e., the nerve fiber layer, the
inner plexiform layer, and the outer plexiform layer) are
present, in which no noise is present.

[0269] For example, it is experimentally known that the
luminance value of the nerve fiber layer tends to be higher
than those of the inner plexiform layer and the outer plexi-
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form layer. Therefore, the prepared profile PRE16 possesses
the above-described tendency in the luminance features.
[0270] The reference profile PRE16 is not limited to the
above-described example. Any other profile can be employed
if the luminance tendency of each retinal layer and a posi-
tional relationship between retinal layers can be identified
based on the employed profile.

[0271] The reference profile PRE16 does not reflect the
thickness of each retinal layer, although the thickness is gen-
erally variable depending on the position of the A-scan line.
Therefore, the reference profile PRE16 is employable for any
A-scan line extending in an area where the target three layers
(i.e., the nerve fiber layer, the inner plexiform layer, and the
outer plexiform layer) are present.

[0272] The determination unit uses the reference profile
PRE16 to determine whether the detected three peaks coin-
cide with the above-described three layers (i.e., the nerve fiber
layer, the inner plexiform layer, and the outer plexiform
layer).

[0273] First, the determination unit calculates an average
luminance value between respective peaks appearing on the
profile PSB16. The determination unit uses, as a luminance
value, a value of the profile PMDI16 corresponding to the
position of the profile PSB16. The determination unit refers to
three peaks of the profile PSB16 as a first peak, a second peak,
and a three peak, respectively, which are positioned in this
order from the shallow side.

[0274] Therange in which the determination unit calculates
the average luminance value is a range extending from the
inner limiting membrane to the first peak, a range extending
from the first peak to the second peak, a range extending from
the second peak to the third peak, and a range extending from
the third peak to the interface between inner and outer seg-
ments of the photoreceptors.

[0275] The above-described ranges are successively
referred to as peak-to-peak Al, peak-to-peak A2, peak-to-
peak A3, and peak-to-peak A4. Further, the range “peak-to-
peak A3” (i.e., the range extending from the second peak to
the third peak) includes two equally divided ranges. One of
the above-described two divided ranges, which is adjacent to
the second peak, is referred to as “peak-to-peak A31.” The
other of the above-described two divided ranges, which is
adjacent to the third peak, is referred to as “peak-to-peak
A32” The determination unit calculates average luminance
values in the above-described ranges using the profile
PMDI16.

[0276] Next, the determination unit compares the calcu-
lated average luminance values to determine a relationship
between them in the magnitude while taking the reference
profile PRE16 into consideration. Conditions to be satisfied
with respect to the average luminance values, which can be
derived from the reference profile PRE16, are peak-to-peak
Al>peak-to-peak A2, peak-to-peak Al>peak-to-peak A3,
peak-to-peak A3>peak-to-peak A4, and peak-to-peak
A31<peak-to-peak A32.

[0277] The determination unit confirms whether the calcu-
lated average luminance values coincide with the target three
layers (i.e., the nerve fiber layer, the inner plexiform layer,
and the outer plexiform layer) by checking whether the cal-
culated average luminance values satisfy the above-described
conditions.

[0278] If the above-described conditions are all satisfied,
the determination unit identifies the first peak, the second
peak, and the third peak as boundaries of the nerve fiber layer,
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the inner plexiform layer, and the outer plexiform layer. The
identified relationship is stored in the data server 113.
[0279] 1If at least one of the above-described conditions is
not satisfied, the determination unit does not identify any
retinal layer boundary along the concerned A-scan line.
[0280] Example processingto be performed when the num-
ber of detected feature points is two is described below in
more detail with reference to FIG. 17. FIG. 17 illustrates an
example tomography image of retinal layers, in which a ver-
tical line A17 represents one of the A-scan lines. The tomog-
raphy image illustrated in FIG. 17 further includes a profile
PSB17 obtained from the Sobel image B and a profile PMD17
obtained from the median image.

[0281] Further, a plurality of profiles used in the present
step includes a reference profile PRE17 that can be derived
from the profile obtained from the median image. The refer-
ence profile PRE17 is additionally prepared to identify each
boundary of the target two layers (i.e., the inner plexiform
layer and the outer plexiform layer).

[0282] The reference profile PRE17 is a typical example of
the profile taken along the A-scan line extending in an area
where the inner plexiform layer and the outer plexiform layer
are present.

[0283] Similar to the description in step S1402, the typical
example indicates a tendency of the luminance between
respective layers along the A-scan line extending in an area
where the target two layers (i.e., the inner plexiform layer and
the outer plexiform layer) are present, in which no noise is
present.

[0284] Therefore, the reference profile PRE17 is employ-
able for any A-scan line extending in an area where the target
two layers are present. The determination unit uses the refer-
ence profile PRE17 to determine whether the detected two
peaks coincide with the inner plexiform layer and the outer
plexiform layer.

[0285] Inthe present step, the determination unit calculates
an average luminance value between respective peaks using
the profile PSB17 and the profile PMD17. The determination
unit refers to two peaks of the profile PSB17 as a first peak and
a second peak, respectively, which are positioned in this order
from the shallow side.

[0286] Therangein which the determination unit calculates
the average luminance value is a range extending from the
inner limiting membrane to the first peak, a range extending
from the first peak to the second peak, and a range extending
from the second peak to the interface between inner and outer
segments of the photoreceptors.

[0287] The above-described ranges are successively
referred to as peak-to-peak B1, peak-to-peak B2, and peak-
to-peak B3. Further, the range “peak-to-peak B2” (i.e., the
range extending from the first peak to the second peak)
includes two equally divided ranges. One of the above-de-
scribed two divided ranges, which is adjacent to the first peak,
is referred to as “peak-to-peak B21.” The other of the above-
described two divided ranges, which is adjacent to the second
peak, is referred to as “peak-to-peak B22”” The determination
unit calculates average luminance values in the above-de-
scribed ranges using the profile PMD17.

[0288] Next, the determination unit compares the calcu-
lated average luminance values to determine a relationship
between them in the magnitude while taking the typical
example profile into consideration. Conditions to be satisfied
with respect to the average luminance values, which can be
derived from the reference profile PRE17, are peak-to-peak
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Bl1>peak-to-peak B2, peak-to-peak B2>peak-to-peak B3,
and peak-to-peak B21<peak-to-peak B22.

[0289] The determination unit confirms whether the calcu-
lated average luminance values coincide with the target two
layers (i.e., the inner plexiform layer and the outer plexiform
layer) by checking whether the calculated average luminance
values satisfy the above-described conditions.

[0290] If the above-described conditions are all satisfied,
the determination unit identifies the first peak and the second
peak as boundaries of the inner plexiform layer and the outer
plexiform layer. The identified relationship is stored in the
data server 113.

[0291] If at least one of the above-described conditions is
not satisfied, the determination unit does not identify any
retinal layer boundary along the concerned A-scan line.
[0292] As described above, determining whether a tem-
plate selected according to the total number of detected fea-
ture points coincides with a profile taken along a target A-scan
line to be processed is useful to eliminate errors in the layer
boundary identification processing that may be derived from
an error in template selection. Further, using luminance val-
ues of inter-boundary areas in appropriately determining the
template information is useful to eliminate errors in the layer
boundary identification processing.

[0293] An image processing system according to a third
exemplary embodiment includes an algorithm switching unit
configured to select an optimum algorithm based on pattern
matching between profiles, without counting the number of
peaks appearing along a profile obtained from the Sobel
image.

[0294] More specifically, an image processing apparatus
adjusts a positional relationship between a target profile of a
median image to be processed and each reference profile and
calculates a distance between corresponding signals. Then,
the image processing apparatus selects an optimum algorithm
to be used in retinal layer boundary identification with refer-
ence to the layer structure of a reference profile which is
smallest in the cumulative value of the calculated distance. In
the present exemplary embodiment, an example algorithm
switching to be performed by the image processing apparatus
to identify the nerve fiber layer, the inner plexiform layer, and
the outer plexiform layer is described below.

[0295] An example flow of processing that can be per-
formed by the template selection unit 107 and the layer
boundary identifying unit 108 according to the present exem-
plary embodiment is described below with reference to the
flowchart illustrated in FIG. 18. The flowchart in FIG. 18
includes a portion similar to the processing described in the
second exemplary embodiment with reference to the flow-
chart illustrated in FI1G. 14 and therefore its description is not
repeated.

[0296] (Step S1802) In step S1802, the template selection
unit 107 calculates a similarity between the target profile and
each ofall reference profiles along each A-scan line. Then, the
template selection unit 107 selects an algorithm based on the
calculated similarity. In the present exemplary embodiment,
the template selection unit 107 can use a pattern matching
method to calculate the above-described similarity based on a
comparison between profiles. An example calculation
method is described below.

[0297] Example processing is described below in more
detail with reference to FIG. 19. A tomography image illus-
trated in FIG. 19 includes one A-scan line A19 and a profile
PMD190 obtained from the median image. The tomography
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image illustrated in FIG. 19 further includes a reference pro-
file PRE191 that can be obtained when three layers of the
nerve fiber layer, the inner plexiform layer, and the outer
plexiform layer are present. The tomography image illus-
trated in FIG. 19 further includes a reference profile PRE192
that can be obtained when two layers of inner plexiform layer
and the outer plexiform layer are present.

[0298] First, the template selection unit 107 adjusts the
positional relationship between a median image profile taken
along the target A-scan line to be processed and each refer-
ence profile. The template selection unit 107 can perform the
above-described positioning processing with reference to the
positions of the inner limiting membrane and the interface
between inner and outer segments of the photoreceptors,
which have already been identified in step S1406 or its pre-
ceding step.

[0299] The template selection unit 107 expands or con-
tracts the reference profile PRE191 and the reference profile
PRE192 in such a way as to adjust the positions of the inner
limiting membrane and the interface between inner and outer
segments of the photoreceptors with corresponding positions
of the profile PMD190.

[0300] Then, the template selection unit 107 overlaps each
of'the reference profile PRE191 and the profile PRE192 with
the profile PMD190, as indicated by profiles PMT201 and
PMT202 illustrated in FIG. 20. Further, the template selec-
tion unit 107 calculates the distance between the overlapped
profiles at each corresponding point.

[0301] In the present exemplary embodiment, the distance
calculated by the template selection unit 107 is a difference in
the x-coordinate direction between the overlapped profiles
measured at the same z-coordinate position. The template
selection unit 107 obtains a cumulative value of the above-
described distance for each reference profile.

[0302] (Step S1803) In step S1803, the template selection
unit 107 selects an optimum template with reference to the
calculated similarity. In the present exemplary embodiment,
the template selection unit 107 selects a template that fits the
structure of the reference profile having a lowest cumulative
value (i.e., highest similarity).

[0303] The selected template information is associated
with position/type information of a layer boundary. There-
fore, the template selection unit 107 can determine the type of
a layer boundary (processing target) to be identified along the
A-scan line. In the present exemplary embodiment, if it is
determined that there is a higher similarity between the pro-
file PMD190 and the reference profile PRE191, the template
selection unit 107 determines that the nerve fiber layer, the
inner plexiform layer, and the outer plexiform layer are
present along the A-scan line. Then, the processing proceeds
to step S1804.

[0304] Asdescribed above, the image processing apparatus
according to the present exemplary embodiment selects an
optimum template based on the pattern matching processing
and identifies the position and the type of each layer boundary
based on template information. Therefore, the image process-
ing apparatus according to the present exemplary embodi-
ment can identify the type and the position of each layer
boundary according to a change in the structure or the feature
of an image.

[0305] Ifthe calculated similarity is high when the template
selection is performed based on the pattern matching as
described in the present exemplary embodiment, it is unnec-
essary to perform the adaptability determination processing
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described in the second exemplary embodiment. In general,
when the calculated similarity is high, it can be regarded that
the compared profiles substantially coincide with each other.
[0306] In this case, the processing can be simplified
because the image processing apparatus is not required to
perform the above-described selection processing based on
the number of detected feature points and can skip the sub-
sequent determination processing.

[0307] Onthe otherhand, in the second exemplary embodi-
ment, it may be useful to perform the pattern matching pro-
cessing according to the present exemplary embodiment as
adaptability determination processing to be performed by the
determination unit. In this case, the determination unit per-
forms the determination processing by checking whether the
calculated similarity exceeds a predetermined threshold
value.

[0308] Further, the template to be used in the present exem-
plary embodiment can be a reference profile itself that can be
created with reference to the average (or median) of a profile
of'atomography image of layer boundaries having been iden-
tified beforehand.

[0309] A fourth exemplary embodiment is characterized in
that, in the interpolation processing to be performed by the
layer boundary interpolation unit 109, a position that is clos-
est to an average depth directional value of the identification
completed layer boundary, among luminance change peaks in
the search range, is identified as the position of the layer
boundary.

[0310] The image processing apparatus according to the
present exemplary embodiment performs interpolation pro-
cessing on the interface of the nerve fiber layer, the interface
of the inner plexiform layer, and the interface of the outer
plexiform layer in the following manner.

[0311] FIG. 21 is a flowchart illustrating example retinal
layer boundary interpolation processing according to the
present exemplary embodiment. The flowchart illustrated in
FIG. 21 includes a portion similar to the processing described
in the first exemplary embodiment with reference to the flow-
chart illustrated in FI1G. 11 and therefore its description is not
repeated.

[0312] (Step S2103) In step S2103, the layer boundary
interpolation unit 109 calculates a feature quantity required to
identify a retinal layer boundary about the A-scan line extend-
ing in an area where the position of the retinal layer boundary
was not identified. The layer boundary interpolation unit 109
calculates the feature quantity based on information relating
to the A-scan line along which the retinal layer boundary has
already been identified.

[0313] In the present exemplary embodiment, the layer
boundary interpolation unit 109 sets a local area (hereinafter,
referred to as “neighborhood area”) that surrounds the A-scan
line along which the position of the retinal layer boundary
was not identified. The layer boundary interpolation unit 109
calculates a feature quantity based on the retinal layer bound-
ary already identified in the neighborhood area.

[0314] Similar to step S1103, in the feature quantity calcu-
lation, the A-scan line along which the position of the retinal
layer boundary was not identified is located at the center of
the neighborhood area set by the layer boundary interpolation
unit 109, as illustrated in FIG. 12. The layer boundary inter-
polation unit 109 obtains an average z-coordinate value of
each retinal layer boundary identified in the neighborhood
area and designates the obtained z-coordinate position as a
feature quantity.
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[0315] Similar to step S1102, the layer boundary interpo-
lation unit 109 determines whether to perform the feature
quantity calculation processing by checking whether the total
number of the A-scan lines along which the retinal layer
boundary has already been identified in the neighborhood
area is greater than or smaller than a predetermined number.
[0316] The layer boundary interpolation unit 109 sets a
search range for each retinal layer boundary referring to the
average z-coordinate value of the retinal layer calculated as
the above-described feature quantity. The search range set by
the layer boundary interpolation unit 109 is a predetermined
range including the average z-coordinate value positioned at
the center thereof. In the present exemplary embodiment, the
predetermined range is composed of five pixels positioned on
the front side of the average z-coordinate value and five pixels
positioned on the rear side of the average z-coordinate value.
[0317] (Step S2106) The layer boundary interpolation unit
109 searches for a peak appearing on the profile of the Sobel
image B in the search range. If at least one peak is present, the
layer boundary interpolation unit 109 identifies a largest peak
that is equal to or greater than a predetermined threshold
value as a retinal layer boundary. If two or more peaks are
present, the layer boundary interpolation unit 109 identifies a
peak whose position is closest to the calculated average Z-co-
ordinate value as the position of a target layer boundary.
[0318] More specifically, two or more layer boundaries
may be included in a search range set to identify a layer
boundary. In such a case, the layer boundary interpolation
unit 109 selects a peak whose position is closest to an average
depth value of the already identified layer boundary in the
neighborhood area. Thus, each layer boundary can be accu-
rately identified.

[0319] FIG. 22 illustrates an example profile PSB220 of the
Sobel image B, taken along an A-scan line extending in an
area where three layers of the nerve fiber layer, the inner
plexiform layer, and the outer plexiform layer are present.
The profile PSB220 illustrated in FIG. 22 includes four peaks
because one of the peaks is a noise. In this case, it is difficult
to identify each retinal layer boundary depending on the
magnitude of each peak.

[0320] However, it is feasible to accurately identify each
retinal layer boundary by using a search range CN of the
nerve fiber layer boundary, a search range CI of the inner
plexiform layer boundary, and a search range CO of the outer
plexiform layer boundary, which can be set in step S2104
based on the average z-coordinate value calculated in the
neighborhood area.

[0321] As described above, even when a plurality of peak
positions are discovered, the retinal layer boundary identifi-
cation processing can be accurately performed by identifying
a peak position closest to an already identified average z-co-
ordinate value as the position of a target layer boundary.

Another Exemplary Embodiment

[0322] The image processing apparatus described in each
exemplary embodiment is a mere example that can realize the
present invention. However, the present invention is not lim-
ited to the image processing apparatus. Further, a comparable
software configuration is employable to realize the image
processing apparatus 101 described in each of the first to
fourth exemplary embodiments.

[0323] Inthiscase, a storage medium storing a program that
causes a computer to execute the processing of the image
processing apparatus 101 according to each of the above-
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described exemplary embodiments can be supplied to a sys-
tem or an apparatus. Then, a computer (or a CPU or a micro-
processing unit (MPU)) installed in the system or the
apparatus can read a program code from the storage medium
and execute the read program so as to realize the present
invention. In this case, the program code itself read from the
storage medium realizes the functions of the above-described
exemplary embodiments. The storage medium storing the
program code constitutes the present invention.

[0324] In the above-described exemplary embodiments,
the image processing apparatus performs analysis processing
on three-dimensional image data composed of a plurality of
tomography images to be acquired. However, it may also be
useful that the image processing apparatus selects a two-
dimensional tomography image to be concerned from the
three-dimensional image data and performs processing on the
selected tomography image.

[0325] For example, it may be useful that the image pro-
cessing apparatus performs processing on a tomography
image including a specific portion (e.g., central pit) of the
ocular fundus. In this case, each detected layer boundary can
be obtained as two-dimensional data that reflect the above-
described cross section.

[0326] In the above-described exemplary embodiments,
the image processing apparatus identifies each layer bound-
ary. However, the image processing apparatus may identify
the type and the position of each layer using template infor-
mation. In this case, the image processing apparatus requires,
as the template information, information relating to the mag-
nitude (or luminance value) of a luminance change at the edge
corresponding to the position of each layer boundary, or lumi-
nance values or its relationship in the magnitude between
respective layer areas.

[0327] Forexample, macula, optic disc, retinal area includ-
ing a blood vessel, and retinal area including no blood vessel
can be regarded as template information.

[0328] Further, the image processing apparatus can identify
a layer structure of the macula or the optic disc based on the
total number of layer boundaries and a luminance value of
each layer area. For example, the image processing apparatus
can determine whether a target layer is the macula, the optic
disc, or another area, such as an area where a blood vessel is
present, an area where a leucoma is present, or an area where
retina detachment is present.

[0329] Further, the image processing apparatus can deter-
mine whether a retinal layer structure includes a pseudo-
image of a blood vessel or a leucoma as a feature that can be
recognized in a tomography image.

[0330] The layer boundary interpolation processing
according to the above-described exemplary embodiment can
be performed independently from the above-described layer
boundary identification processing to be performed based on
template information. For example, the above-described
layer boundary interpolation processing can be employedina
case where a layer boundary is partly identified using another
method.

[0331] The tomography image to be used in the above-
described exemplary embodiment is not limited to a tomog-
raphy image of retinal layers and can be a tomography image
of an anterior ocular portion. The anterior ocular portion has
a multilayered structure that is composed of a cornea, a lens,
and a vitreous body, which are sequentially disposed in the
incident direction of signal light, i.e., in the depth direction.
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[0332] Therefore, the present invention can be applied to a
tomography image of the anterior ocular portion. In this case,
the storage unit 111 stores a plurality of templates that rep-
resent a plurality of structures in the profile of the tomography
image of the anterior ocular portion.

[0333] The image processing system 100 described in the
above-described exemplary embodiment is an example to
which the present invention can be applied. The optical coher-
ence tomography imaging apparatus can be configured to
have the above-described functions of the image processing
apparatus 101.

[0334] Further, in the above-described exemplary embodi-
ments, the example tomography image is a tomography
image obtained by the optical coherence tomography imag-
ing apparatus. The present invention can be applied to a
tomography image obtained by an ultrasonic tomography
imaging apparatus or a comparable apparatus capable of
imaging an internal structure of a target to be captured.
[0335] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

[0336] This application claims priority from Japanese
Patent Application No. 2010-064755 filed Mar. 19, 2010,
which is hereby incorporated by reference herein in its
entirety.

1. An image processing apparatus comprising:

a obtaining unit configured to obtain a profile that repre-
sents a relationship between depth directional position
and luminance in a tomography image of an eye and to
obtain stored information including information repre-
senting a relationship between depth directional posi-
tion and information regarding luminance in a tomogra-
phy image of an eye; and

an identifying unit configured to identify a layer boundary
in a tomography image of an eye based on the profile and
the stored information.

2. The image processing apparatus according to claim 1,

wherein the identifying unit configured to identify a layer
boundary in a tomography image of an eye based on a
comparison the profile with the stored information.

3. An image processing apparatus comprising:

aobtaining unit configured to obtain luminance in a tomog-
raphy image of an eye and stored information including
information regarding layer of an eye; and
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an identifying unit configured to identify a layer boundary
in a tomography image of'an eye based on the luminance
and the stored information.

4. The image processing apparatus according to claim 3,

wherein the identifying unit configured to identify a layer

boundary in a tomography image of an eye based on a
comparison the luminance with the stored information.

5. An image processing method comprising:

obtaining a profile that represents a relationship between

depth directional position and luminance in a tomogra-
phy image of an eye, and obtaining stored information
including information representing a relationship
between depth directional position and information
regarding luminance in a tomography image of an eye;
and

identifying a layer boundary in a tomography image of an

eye based on the profile and the stored information.

6. An image processing method comprising:

obtaining luminance in a tomography image of an eye and

stored information including information regarding
layer of an eye; and

identifying a layer boundary in a tomography image of an

eye based on the luminance and the stored information.

7. A computer-readable medium having program code
stored thereon to perform an image processing method com-
prising:

obtaining a profile that represents a relationship between

depth directional position and luminance in a tomogra-
phy image of an eye, and obtaining stored information
including information representing a relationship
between depth directional position and information
regarding luminance in a tomography image of an eye;
and

identifying a layer boundary in a tomography image of an

eye based on the profile and the stored information.

8. A computer-readable medium having program code
stored thereon to perform an image processing method com-
prising:

obtaining luminance in a tomography image of an eye and

stored information including information regarding
layer of an eye; and

identifying a layer boundary in a tomography image of an

eye based on the luminance and the stored information.
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