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Description

Technical Field

[0001] The present invention relates to an image
processing apparatus that displays a tomographic im-
age, a control method, and a computer program.

Background Art

[0002] An optical coherence tomography (OCT) imag-
ing apparatus can obtain a tomographic image that vis-
ualizes an internal structure of a target to be captured
based on the principle of optical coherence tomography
(OCT). The OCT imaging apparatus enables an eye doc-
tor or any other specialist to diagnose the stage of a dis-
ease while viewing an internal structure of an eyeball.
[0003] The OCT imaging apparatus can be used to ir-
radiate an ocular fundus with signal light to obtain infor-
mation indicating an internal structure in the depth direc-
tion at the irradiated position. In this case, the OCT im-
aging apparatus performs scanning, which is generally
known as "B-scan", to obtain a two-dimensional tomo-
graphic image of a predetermined cross section of the
target to be captured by irradiating a plurality of linearly
arrayed positions of the ocular fundus with the above-
described signal light.
[0004] Further, the OCT imaging apparatus can per-
form scanning by irradiating a plurality of positions with
light in a two-dimensional area of an ocular fundus sur-
face. Thus, the OCT imaging apparatus can finally obtain
three-dimensional volume data of the retina.
[0005] In a diagnostic observation, comparing two-di-
mensional tomographic images captured at a plurality of
cross sections of a retina is effective to obtain a sufficient
amount of information usable in the diagnosis. A conven-
tional technique discussed in Patent Literature 1 allows
an operator to designate a target cross section on a fun-
dus image to switch (select) a tomographic image to be
displayed on a screen. Further, a conventional technique
discussed in Patent Literature 2 can simultaneously dis-
play a plurality of tomographic images of a target that are
mutually different in the direction of B-scan.
[0006] However, when two or more tomographic im-
ages are simultaneously displayed, it will be unclear for
a viewer if the displayed tomographic images are similar
to or different from each other in the direction of B-scan
relative to the target to be captured unless information
indicating differences is specifically mentioned.

Citation List

[Patent Literature]

[0007]

[PTL 1] Japanese patent Application Laid-Open No.
2007-117714 [PTL 2] Japanese patent Application

Laid-Open No. 2008-209166
[PTL 3] US 2009/257636 A1 teaches display of two
tomographic images at intersecting cross sections.

[Summary of Invention]

[0008] According to an aspect of the present invention,
there is provided an image processing apparatus as de-
fined in claims 1 to 12. According to a second aspect of
the invention, there is provided a method and computer
program for causing the performance of the method as
defined in claims 13 to 15.
[0009] According to exemplary embodiments of the
present invention, the image processing apparatus can
determine a layout of respective tomographic images so
as to explicitly reflect B-scan direction information on the
display screen. Thus, users can easily recognize B-scan
directions on the displayed plurality of tomographic im-
ages.
[0010] Further features and aspects of the present in-
vention will become apparent from the following detailed
description of exemplary embodiments with reference to
the attached drawings.

[Brief Description of Drawings]

[0011] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, illus-
trate exemplary embodiments, features, and aspects of
the invention and, together with the description, serve to
explain the invention.

[Fig. 1]Fig. 1 illustrates an example configuration of
a tomographic imaging system according to an ex-
emplary embodiment of the present invention.
[Fig. 2]Fig. 2 illustrates an example configuration of
a tomographic imaging apparatus according to an
exemplary embodiment of the present invention.
[Fig. 3]Fig. 3 illustrates an example of a captured
image.
[Fig. 4]Fig. 4 is a flowchart illustrating an example
flow of processing that can be performed by the to-
mographic imaging system according to an exem-
plary embodiment of the present invention.
[Fig. 5A]Fig. 5A illustrates a display screen that can
be displayed by a display control unit according to
an exemplary embodiment of the present invention.
[Fig. 5B]Fig. 5B illustrates another display screen
that can be displayed by the display control unit ac-
cording to an exemplary embodiment of the present
invention.
[fig.6A]Fig. 6A illustrates a display screen that in-
cludes a fundus image together with tomographic
images, which can be displayed by the display con-
trol unit according to an exemplary embodiment of
the present invention.
[fig.6B]Fig. 6B illustrates another display screen that
includes a fundus image together with tomographic
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images, which can be displayed by the display con-
trol unit according to an exemplary embodiment of
the present invention.
[fig.7]Fig. 7 illustrates another display screen that
can be displayed by the display control unit accord-
ing to an exemplary embodiment of the present in-
vention.
[fig.8]Fig. 8 illustrates an example configuration of a
tomographic imaging apparatus according to an ex-
emplary embodiment of the present invention.
[fig.9A]Fig. 9A illustrates an example of signal light
beams Bm1, Bm2, and Bm3, which are arrayed
along a line perpendicular to a scanning direction.
[fig.9B]Fig. 9B illustrates the scanning direction of
the signal light beams and an alignment of the signal
light beams illustrated in Fig. 9A.
[fig.9C]Fig. 9C illustrates an example of signal light
beams Bm1, Bm2, and Bm3, which are arrayed
along a horizontal direction.
[fig.9D]Fig. 9D illustrates the scanning direction of
the signal light beams and an alignment of the signal
light beams illustrated in Fig. 9C.
[fig.9E]Fig. 9E illustrates an X-axis direction and a
Y-axis direction to be applied to Fig. 9A through Fig.
9D.
[fig.10]Fig. 10 is a flowchart illustrating a flow of
processing that can be performed by a tomographic
imaging system according to another exemplary em-
bodiment of the present invention.
[fig.11A]Fig. 11A illustrates an example screen that
displays tomographic images captured by a multi-
beam type OCT imaging apparatus according to an
exemplary embodiment of the present invention.
[fig.11B]Fig. 11B illustrates another display screen
according to an exemplary embodiment of the
present invention.
[fig.11C]Fig. 11C illustrates another display screen
according to an exemplary embodiment of the
present invention.
[fig.12A]Fig. 12A illustrates an example display
screen that displays a relative positional relationship
between coherence gates corresponding to respec-
tive signal light beams according to an exemplary
embodiment of the present invention.
[fig.12B]Fig. 12B illustrates an example display
screen that is usable to adjust the position of each
coherence gate according to an exemplary embod-
iment of the present invention.
[fig.13A]Fig. 13A illustrates an example display
screen that displays a relative positional relationship
between coherence gates corresponding to respec-
tive signal light beams according to an exemplary
embodiment of the present invention.
[fig.13B]Fig. 13B illustrates another example display
screen according to an exemplary embodiment of
the present invention.
[fig.13C]Fig. 13C illustrates another example display
screen according to an exemplary embodiment of

the present invention.
[fig.14A]Fig. 14A illustrates another display screen
that can be displayed by the display control unit ac-
cording to an exemplary embodiment of the present
invention.
[fig.14B]Fig. 14B illustrates another display screen
that can be displayed by the display control unit ac-
cording to an exemplary embodiment of the present
invention.
[fig.14C]Fig. 14C illustrates another display screen
that can be displayed by the display control unit ac-
cording to an exemplary embodiment of the present
invention.
[fig.14D]Fig. 14D illustrates another display screen
that can be displayed by the display control unit ac-
cording to an exemplary embodiment of the present
invention.

Description of Embodiments

[0012] Various exemplary embodiments, features, and
aspects of the invention will be described in detail below
with reference to the drawings.
[0013] A tomographic imaging system 100 according
to a first exemplary embodiment of the present invention
includes an image processing apparatus 110, a tomo-
graphic imaging apparatus 120, and a display apparatus
130.
[0014] The image processing apparatus 110 deter-
mines a display pattern for a plurality of tomographic im-
ages captured by the tomographic imaging apparatus
120 in such a way as to indicate a relative relationship
between them in a B-scan direction. The image process-
ing apparatus 110 causes the display apparatus 130 to
display the plurality of tomographic images according to
the determined display pattern.
[0015] Fig. 1 illustrates an example configuration of the
tomographic imaging system 100. The tomographic im-
aging system 100 illustrated in Fig. 1 is an optical coher-
ence tomographic imaging system including the image
processing apparatus 110, the tomographic imaging ap-
paratus (e.g., an OCT imaging apparatus) 120, and the
display apparatus 130.
[0016] The image processing apparatus 110 acquires
tomographic images and a fundus image from the OCT
imaging apparatus 120 and performs display control for
the acquired tomographic images.
[0017] Further, the image processing apparatus 110
is functionally operable as a shooting control apparatus
that transmits a shooting instruction and shooting condi-
tions to the tomographic imaging apparatus 120. The to-
mographic imaging apparatus 120 scans a retina of an
eye to be diagnosed with signal light to capture tomo-
graphic images and a fundus image of the retina, as de-
scribed below in more detail.
[0018] The display apparatus 130 is, for example, a
liquid crystal display that can display tomographic images
and a fundus image of a target to be captured, tomo-

3 4 



EP 2 552 296 B1

4

5

10

15

20

25

30

35

40

45

50

55

graphic images and a fundus image processed by the
image processing apparatus 110, and image capturing
control parameters.
[0019] The image processing apparatus 110 includes
an image acquisition unit 101, an instruction acquisition
unit 102, a control unit 103, an image formation unit 104,
a display control unit 105, and a storage unit 106.
[0020] The image acquisition unit 101 is an input/out-
put unit capable of receiving and transmitting data from
and to an external apparatus. The image acquisition unit
101 can acquire tomographic images of a target to be
captured from the tomographic imaging apparatus 120.
Further, the image acquisition unit 101 acquires an image
of a surface of the target to be captured.
[0021] In the present exemplary embodiment, the tar-
get to be captured is the retina of an eye. Therefore, the
image acquisition unit 101 acquires a fundus image, as
the image of the surface of the target, which can be cap-
tured by a fundus camera. In the present exemplary em-
bodiment, the above-described tomographic images and
the fundus image are acquired as two-dimensional im-
ages.
[0022] Further, the image acquisition unit 101 can
transmit and receive data other than images to and from
the tomographic imaging apparatus 120. Further, the im-
age acquisition unit 101 can transmit various pieces of
information, such as shooting parameters and an image
capturing start instruction, which are described below, to
the tomographic imaging apparatus 120.
[0023] The tomographic imaging apparatus 120 per-
forms a shooting operation based on the received shoot-
ing parameters in response to the image capturing start
instruction. The image acquisition unit 101 acquires to-
mographic images from the tomographic imaging appa-
ratus 120, when the tomographic images are captured
by the tomographic imaging apparatus 120. In the follow-
ing description, it is assumed that the tomographic im-
ages of the target have been captured along a plurality
of main scanning lines that are mutually different in di-
rection.
[0024] The instruction acquisition unit 102 can acquire
a shooting start instruction and shooting conditions,
which are generally input by an operator via an operation
unit (not illustrated). The shooting conditions acquired by
the instruction acquisition unit 102 include information
relating to tomographic image shooting position (i.e., B-
scan position), scanning direction, and coherence gate
position.
[0025] The coherence gate is a value indicating a
shooting range of the signal light in the axial direction.
The operation unit is, for example, a keyboard and a
mouse that are generally provided for the image process-
ing apparatus 110. The instruction acquisition unit 102
transmits an acquired instruction to the control unit 103.
[0026] The control unit 103 sets parameters to be re-
quired to capture tomographic images, such as signal
light shooting position (i.e., B-scan position) and scan-
ning speed, based on the instruction acquired by the in-

struction acquisition unit 102. Then, the control unit 103
transmits the setting parameters together with a tomo-
graphic image capturing instruction and a fundus image
shooting instruction to the image acquisition unit 101.
[0027] The image acquisition unit 101 performs a
shooting operation to capture an image in response to
the image capturing instruction. The control unit 103 re-
ceives captured images from the image acquisition unit
101 and transmits the acquired images to the image for-
mation unit 104. Further, the control unit 103 transmits
images generated by the image formation unit 104 to-
gether with the shooting parameters to the display control
unit 105.
[0028] The image formation unit 104 performs image
processing on the obtained tomographic images and the
fundus image to obtain sophisticated images that are
easy to view and usable in diagnosis. The image process-
ing to be performed by the image formation unit 104 in-
cludes, for example, noise reduction processing and con-
trast adjustment processing applied to an individual im-
age to obtain an image easy to view. For example, the
image formation unit 104 can perform the contrast ad-
justment processing as the above-described formation
processing.
[0029] First, the image formation unit 104 calculates a
histogram distribution for the entire image. Next, the im-
age formation unit 104 sets an upper limit value and a
lower limit value. The upper limit value is equal to a max-
imum value, except for the highest-ranked 5%, in the
calculated histogram distribution. The lower limit value
is equal to a minimum value, except for the lowest-ranked
5%, in the calculated histogram distribution.
[0030] Then, the image formation unit 104 converts
each pixel value linearly into one of 256 gradation levels
(i.e., from 0 to 255) with reference to the determined up-
per and lower limit values. In the present exemplary em-
bodiment, the image formation unit 104 can perform gam-
ma correction processing or pseudo-color processing in
addition to the above-described contrast adjustment
processing. The control unit 103 can transfer the proc-
essed images to the display control unit 105.
[0031] The display control unit 105 includes a layout
determination unit 107. The layout determination unit 107
displays a plurality of OCT tomographic images on a dis-
play screen using a layout that can express differences
in the direction of each main scanning line so as to reflect
a relative relationship between respective main scanning
line directions with respect to a target to be captured in
respective OCT tomographic images.
[0032] In determining the layout of a plurality of tomo-
graphic images, the layout determination unit 107 clearly
expresses differences in the angle formed between the
scanning lines of respective tomographic images based
on information indicating a relative positional relationship
between the scanning lines (B-scan lines) acquired by
the control unit 103.
[0033] Further, the display control unit 105 can process
(modify) the generated tomographic images and the fun-
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dus image based on the parameters in the shooting op-
eration. Further, the display control unit 105 can add new
information to the tomographic images and the fundus
image. Thus, the display control unit 105 can change a
display pattern of the images to be displayed.
[0034] The data transmitted by the control unit 103 and
received by the layout determination unit 107 includes
the B-scan position of each tomographic image relative
to the target to be captured, as information obtained from
the tomographic imaging apparatus 120. In the present
exemplary embodiment, the B-scan position represents
the scanning direction of the signal light used by the to-
mographic imaging apparatus 120. The B-scan is de-
scribed below in more detail.
[0035] The B-scan position can be acquired as addi-
tional information independent of the tomographic image,
or can be acquired as B-scan positional information as-
sociated with each image. Further, the B-scan position
can be acquired as instruction information input via the
instruction acquisition unit 102, or can be acquired as
analyzed information representing the B-scan position
obtainable from each image.
[0036] If the B-scan position is acquired as additional
information independent of the tomographic image, the
image acquisition unit 101 can acquire the additional in-
formation from the tomographic imaging apparatus 120.
[0037] Further, the display control unit 105 can directly
acquire information indicating a relative relationship be-
tween a plurality of tomographic images in the B-scan
direction from the control unit 103. In the present exem-
plary embodiment, the information indicating the relative
relationship is information indicating an angle formed be-
tween two or more B-scan directions or a position where
two or more tomographic images intersect each other.
[0038] The layout determination unit 107 of the display
control unit 105 can determine, based on the above-de-
scribed information, a layout of a plurality of tomographic
images in such a way as to indicate the difference in the
B-scan position between the tomographic images.
[0039] For example, if two images are perpendicular
to each other in the B-scan position, the layout determi-
nation unit 107 determines a layout of these images in
such a way as to incline the orientation of one image by
90 degrees relative to the orientation of the other image.
The display control unit 105 performs display control to
cause the display apparatus 130 to display the tomo-
graphic images according to the determined layout.
[0040] The above-described display method is effec-
tive to enable a user to intuitively recognize the difference
in the B-scan direction between two or more tomographic
images. According to the above-described method, us-
ers are not required to confirm the B-scan direction each
time. User usability can be improved. Display examples
are described below in more detail.
[0041] The storage unit 106 stores captured tomo-
graphic images to be used in diagnosis.
[0042] Next, an example configuration of the tomo-
graphic imaging apparatus 120 is described below with

reference to Fig. 2. The tomographic imaging apparatus
120 is an optical coherence tomographic imaging appa-
ratus that is operable based on the principle of optical
coherence tomography (OCT). The tomographic imaging
apparatus 120 can obtain a tomographic image by scan-
ning a target to be captured with low-coherence light
along a predetermined main scanning line.
[0043] The tomographic imaging apparatus 120 ac-
quires a tomographic image of a retina RT of an eyeball
EB, which is an example of the target to be captured, by
performing scanning with signal light. In the present ex-
emplary embodiment, the tomographic imaging appara-
tus 120 is a spectral domain type imaging apparatus ca-
pable of generating a tomographic image by performing
Fourier transform processing on a signal detected by
separating interfering light.
[0044] In the following description, the Z-axis repre-
sents an optical axis direction of the signal light that
reaches the target to be captured. The X axis and the Y
axis cooperatively define a flat plane that is perpendicular
to the Z axis.
[0045] In Fig. 2, a fiber coupler 203 receives light emit-
ted from a superluminescent diode (SLD) 201, which
serves as a low-coherence light source. The fiber coupler
203 separates the incident light into signal light Bm and
reference light Br. The signal light Bm is output via an
optical fiber to the scanning optical system 204. The ref-
erence light Br is output via an optical fiber to a reference
light collimator 208.
[0046] The scanning optical system 204 converges the
input signal light Bm to a galvanometer mirror 206 and
performs scanning of the retina RT by successively
changing the incident position of the converged signal
light on the retina RT. In the present exemplary embod-
iment, the galvanometer mirror 206 includes a horizontal
scanner that can perform horizontal scanning and a ver-
tical scanner that can perform vertical scanning.
[0047] The scanner control unit 205 drives and controls
the galvanometer mirror 206. The scanned signal light
Bm reaches the retina RT (i.e., an object to be measured)
via an objective optical system 207. Then, the signal light
reflected from the retina RT sequentially passes through
the objective optical system 207 and the scanning optical
system 204, and finally reaches the fiber coupler 203.
[0048] On the other hand, the reference light Br output
from the fiber coupler 203 reaches a reference mirror 209
via the reference light collimator 208. The reference light
Br reflected by the reference mirror 209 again reaches
the fiber coupler 203. Then, the reference light Br inter-
feres with the signal light Bm in the fiber coupler 203.
Thus, the fiber coupler 203 generates interfering light,
which can be input to a signal detector 210.
[0049] A reference mirror control unit 212 can drive
and control the position of the reference mirror 209. The
reference mirror control unit 212 can change the optical
path length of the reference light Br by changing the po-
sition of the reference mirror 209. In other words, the
reference mirror control unit 212 can determine the range
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in which the signal light Bm can interfere with the refer-
ence light Br. The above-described range in the Z-axis
direction, in which the interfering light can be generated
and imaged, is referred to as a coherence gate or a co-
herent gate.
[0050] The signal detector 210 can detect the interfer-
ing light generated from the fiber coupler 203 and can
output the detected interfering light as an electric inter-
ference signal to a signal processing unit (image forma-
tion unit) 211. The signal processing unit 211 can perform
signal processing (e.g., Fourier transform) on the re-
ceived interference signal to generate a signal that cor-
responds to the reflectance along the Z direction of the
retina RT.
[0051] The signal processing unit 211 reconstructs the
tomographic image of the retina RT based on the gen-
erated signal. The above-described processing per-
formed to acquire a one-dimensional image is referred
to as "A-scan", which represents scanning to be per-
formed in the Z-axis direction. Further, the obtained one-
dimensional image is referred to an "A-scan image."
[0052] The above-described tomographic imaging ap-
paratus 120 irradiates a predetermined position of the
target ocular fundus with the signal light Bm to obtain an
A-scan image corresponding to the irradiated position.
The tomographic imaging apparatus 120 performs scan-
ning (B-scan) processing along a selected scanning line,
at predetermined intervals, by successively changing the
above-described predetermined position irradiated with
the signal light Bm.
[0053] The signal processing unit 211 performs con-
ventionally known interpolation processing to obtain a
two-dimensional tomographic image (B-scan image) that
extends in the Z-axis direction so as to include the above-
described scanning line.
[0054] Further, the tomographic imaging apparatus
120 performs A-scan processing in a predetermined area
of the target ocular fundus at predetermined intervals.
The signal processing unit 211 performs conventionally
known interpolation processing on the obtained A-scan
image to obtain a three-dimensional tomographic image
that includes the above-described predetermined area
and extends in the Z-axis direction.
[0055] Further, the tomographic imaging apparatus
120 can obtain an arbitrary tomographic image, such as
a two-dimensional tomographic image (C scanning im-
age) that visualizes an arbitrary depth region that is sub-
stantially parallel to the surface of the target ocular fun-
dus.
[0056] In the present exemplary embodiment, the B-
scan direction is an arbitrary direction on a flat plane per-
pendicular to the Z axis. The main scanning line is a line
segment connecting irradiation positions of the signal
light Bm arrayed along a main scanning direction.
[0057] In the present exemplary embodiment, the sig-
nal processing unit 211 forms a plurality of tomographic
images that are different in the B-scan direction, based
on return light of the signal light Bm obtained via the scan-

ning optical system 204 when the retina RT is scanned
along a plurality of different B-scan directions.
[0058] Further, the tomographic imaging apparatus
120 includes a fundus camera 202 as a unit capable of
shooting the ocular fundus of the eyeball EB to be diag-
nosed where the retina RT (i.e., the target to be captured)
is situated. The fundus camera 202 irradiates the ocular
fundus with infrared light or visible light as shooting light
and forms a fundus image based on reflection light from
the ocular fundus.
[0059] The objective optical system 207 receives the
shooting light emitted from the fundus camera 202 and
the signal light emitted from SLD 201. Then, each of the
shooting light and the signal light reaches the ocular fun-
dus or the retina RT via the objective optical system 207.
[0060] The above-described separation of the optical
path by the fiber coupler 203 may be unnecessary if a
dichroic mirror having appropriate wavelength selectivity
or a comparable optical member is employed. In this
case, the optical path can be commonly used. Alterna-
tively, it may also be useful to employ a flip-up mirror.
[0061] An example of the tomographic image that can
be captured by the above-described tomographic imag-
ing apparatus 120 is described below with reference to
Fig. 3. Fig. 3 illustrates an example of a fundus image
301 of the retina RT of the eye to be diagnosed, which
can be captured by the fundus camera 202, and a tom-
ographic image 303 of retinal layers obtained by the to-
mographic imaging apparatus 120. In general, the retina
has a multilayered structure composed of a plurality of
retinal layers sequentially positioned in the depth direc-
tion as illustrated in Fig. 3.
[0062] An X axis 305, a Y axis 306, and a Z axis 307
are employed to define the position in a coordinate sys-
tem illustrated in Fig. 3. The X axis 305 is parallel to a
reference line. The reference line is a straight line passing
through the ocular fundus and the macula lutea. The di-
rection of the X axis 305 is identical to a horizontal scan-
ning direction. The Y axis 306 is perpendicular to the X
axis 305. The direction of the Y axis 306 is identical to a
vertical scanning direction. Both the horizontal scanning
direction and the vertical scanning direction are exam-
ples of the B-scan direction.
[0063] In the following description, although any direc-
tion can be set as the B-scan direction, if one of the B-
scan directions is selected in a shooting operation, the
selected B-scan direction can be referred to as the main
scanning direction and a direction perpendicular to the
main scanning direction and the A-scan direction can be
referred to as a sub scanning direction.
[0064] The Z axis 307 is set to be perpendicular to the
X axis 305 and the Y axis 306. The Z-axis direction co-
incides with the optical axis direction of the signal light
Bm that reaches the target to be captured. The Z-axis
direction also coincides with the A-scan direction. In the
present exemplary embodiment, the B-scan direction
may be referred to as a scanning direction along which
a scanning operation using the signal light Bm is per-
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formed (or a direction opposite to the scanning direction),
although the B-scan direction is not specifically men-
tioned referring to positive and negative directions there-
of.
[0065] To reconstruct the tomographic image 303, the
tomographic imaging apparatus 120 moves the galva-
nometer mirror 206 in the main scanning direction (i.e.,
in the horizontal direction in the present exemplary em-
bodiment) to cause the signal processing unit 211 to re-
construct the image in each region that corresponds to
an A-scan line 304.
[0066] Then, the tomographic imaging apparatus 120
performs conventionally known interpolation processing
to interpolate a region existing between neighboring A-
scan images. Finally, the tomographic imaging appara-
tus 120 reconstructs the tomographic image 303 as a
two-dimensional image or a three-dimensional image.
[0067] If the tomographic image 303 obtained in the
above-described manner is a two-dimensional image,
the obtained tomographic image 303 can be referred to
as the B-scan image. In this case, the tomographic image
303 (the B-scan image) corresponds to a two-dimension-
al cross section that can be defined by the depth direction
of the retina and a direction perpendicular to the depth
direction.
[0068] More specifically, the tomographic image 303
corresponds to a flat plane that can be defined by the X
axis 305 and the Z axis 307 illustrated in Fig. 3. Further,
a horizontal line 302 illustrated in Fig. 3 represents the
B-scan position and the range of the tomographic image
303 when it is seen on the fundus image 301.
[0069] An example of processing that can be per-
formed by the tomographic imaging system 100, which
can obtain tomographic images at a plurality of different
B-scan positions and display the obtained plurality of to-
mographic images, is described below with reference to
a flowchart illustrated in Fig. 4.
[0070] In step S410, the instruction acquisition unit 102
acquires shooting conditions input by an operator (not
illustrated). The shooting conditions acquired by the in-
struction acquisition unit 102 include information indicat-
ing the shooting position and the scanning direction as
well as the coherence gate position (image capturing
depth), which are required in the image capturing
processing for each of a plurality of tomographic images
of the retina of an eye to be diagnosed.
[0071] In the present exemplary embodiment, the op-
erator inputs an instruction that designates a portion in-
dicating the retina as the shooting position via the oper-
ation unit (not illustrated) of the image processing appa-
ratus 110. The obtained instruction is transmitted to the
control unit 103.
[0072] In step S420, the image acquisition unit 101 ac-
quires tomographic images and a fundus image from the
tomographic imaging apparatus 120. The control unit 103
receives the tomographic images and the fundus image
acquired from the tomographic imaging apparatus 120.
[0073] The control unit 103 transfers the received im-

ages together with information indicating the shooting
conditions to the image formation unit 104. In this step,
the control unit 103 determines first imaging scan param-
eters and second imaging scan parameters to be used
in a pre-scan operation, which are required to adjust the
shooting parameters of tomographic images to be used
in the diagnosis.
[0074] In the present exemplary embodiment, the
scanning direction included in the first imaging scan pa-
rameters is set to be parallel to the X direction of the
retina as illustrated in Fig. 3. In the following description,
the X direction of the retina is referred to as a "first direc-
tion." The setting of the shooting range can be performed
according to an instruction input via the instruction ac-
quisition unit 102. The shooting range is set to coincide
with shooting parameters for a tomographic image to be
used in diagnosis.
[0075] The control unit 103 determines the shooting
position and the shooting direction with respect to the
second imaging scanning in such a way as to set a first
imaging scanning line to be perpendicular to a second
imaging scanning line. The above-described direction is
referred to as a "second direction."
[0076] The shooting range (scanning distance) is set
to coincide with the shooting range of the first image cap-
turing scanning. The control unit 103 transfers the first
shooting parameters and the second shooting parame-
ters to the image acquisition unit 101. The first direction
is perpendicular to the second direction.
[0077] The image acquisition unit 101 transfers the first
image capturing parameters and the second image cap-
turing parameters together with image capturing instruc-
tions of respective tomographic images to the tomo-
graphic imaging apparatus 120.
[0078] The tomographic imaging apparatus 120 cap-
tures tomographic images of the retina based on the first
shooting parameters and the second shooting parame-
ters. The captured tomographic images are referred to
as a first tomographic image and a second tomographic
image, respectively.
[0079] The scanner control unit 205 of the tomographic
imaging apparatus 120 drives and controls the galva-
nometer mirror 206 according to the information indicat-
ing the shooting position and the shooting range included
in the image capturing parameters transferred from the
image acquisition unit 101. The galvanometer mirror 206,
which is driven and controlled by the scanner control unit
205, performs scanning using the signal light Bm in both
the vertical direction and the horizontal direction on the
retina RT.
[0080] Further, the tomographic imaging apparatus
120 causes the reference mirror control unit 212 to drive
the reference mirror 209 based on coherence gate infor-
mation included in the image capturing parameters trans-
ferred from the image acquisition unit 101.
[0081] By driving the reference mirror 209, the tomo-
graphic imaging apparatus 120 can change the optical
path length of the reference light Br and can obtain a
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tomographic image in a target depth range of the retina
RT. Further, the fundus camera 202 captures a fundus
image of the retina RT. The captured fundus image is
transferred to the image acquisition unit 101.
[0082] Next, an example relationship between image
capturing parameters and driving of the galvanometer
mirror 206 is described below. The scanning direction
designated in the first image capturing parameters is per-
pendicular to the scanning direction designated in the
second image capturing parameters. Therefore, when
the scanning direction is set to be horizontal in a case
where shooting of a cross section of the retina RT is per-
formed with the first shooting parameters, the galvanom-
eter mirror 206 that corresponds to the horizontal scan-
ning performs a main scanning operation.
[0083] On the other hand, when the scanning direction
is set to be vertical in a case where shooting of a cross
section of the retina RT is performed with the second
shooting parameters, the galvanometer mirror 206 that
corresponds to the vertical scanning performs a main
scanning operation.
[0084] In the present exemplary embodiment, image
capturing processing based on the first image capturing
parameters is first performed. Subsequently, image cap-
turing processing based on the second image capturing
parameters is performed. However, the image capturing
order can be reversed if it is appropriate.
[0085] If the tomographic imaging apparatus 120 in-
cludes a plurality of low-coherent light sources, the image
capturing processing based on the first image capturing
parameters and the image capturing processing based
on the second image capturing parameters can be per-
formed simultaneously.
[0086] In the present exemplary embodiment, the to-
mographic image captured based on the first shooting
parameters is referred to the first tomographic image.
The tomographic image captured based on the second
shooting parameters is referred to as the second tomo-
graphic image. The image acquisition unit 101 acquires
the first tomographic image and the second tomographic
image from the tomographic imaging apparatus 120.
[0087] In step S430, the image formation unit 104 per-
forms image processing to modify the first tomographic
image and the second tomographic image. The image
processing to be performed by the image formation unit
104 includes modifying the obtained tomographic image
(or fundus image) into an image that is easy to view and
usable in diagnosis. Further, the image formation unit
104 can perform gradation conversion processing on a
plurality of images in such a way as to have common
gradations. In this case, comparison between the images
becomes easier.
[0088] In step S440, the display control unit 105 per-
forms display control for the first tomographic image and
the second tomographic image formed by the image for-
mation unit 104. The layout determination unit 107
checks a relationship between the B-scan direction of
the first tomographic image and the B-scan direction of

the second tomographic image with reference to the
shooting conditions received from the control unit 103.
[0089] If it is determined that the above-described two
B-scan directions are different from each other, the dis-
play control unit 105 determines a layout to change the
display pattern of two tomographic images. Then, the
display control unit 105 generates data of an image to
be displayed based on the determined layout.
[0090] In the present exemplary embodiment, the lay-
out determination unit 107 determines the layout of two
images so that the relative relationship between two B-
scan directions can be stored. One of the two images is
fixed and the other is inclined, when they are displayed.
[0091] The B-scan direction (shooting direction) of the
input first tomographic image is set to be identical to the
X-axis direction of the retina illustrated in Fig. 3. There-
fore, the layout determination unit 107 determines the
layout of the display screen in such a way as to set the
depth direction of the retina in the first tomographic image
to be parallel to the vertical direction of the display screen
of the display apparatus 130.
[0092] Further, as the B-scan direction of the second
tomographic image is perpendicular to the B-scan direc-
tion of the first tomographic image, the layout determi-
nation unit 107 determines the layout so as to express
the relationship between two B-scan directions. The lay-
out determination unit 107 sets the depth direction of the
retina in the second tomographic image to be identical
to the horizontal direction of the display screen. Further,
the layout determination unit 107 determines a display
layout of a fundus image in association with the above-
described tomographic images.
[0093] The display control unit 105 generates data of
an image to be displayed so that the first tomographic
image and the second tomographic image can be dis-
played according to the determined layout. The display
control unit 105 transmits the generated data of the image
to be displayed to the display apparatus 130. The display
apparatus 130 continuously displays the image based
on the received data, so as to constitute the display
screen, until data of another image to be displayed is
newly input. An example of the display screen is de-
scribed below.
[0094] In step S450, the control unit 103 confirms
whether the instruction acquisition unit 102 has received
a display termination instruction. For example, an oper-
ator may instruct the image processing apparatus 110 to
capture a new tomographic image via the instruction ac-
quisition unit 102. In this case, the instruction acquisition
unit 102 transmits the display termination instruction to
the control unit 103.
[0095] The operator can instruct the image processing
apparatus 110 to start a scanning operation to capture a
tomographic image. The instruction acquisition unit 102
has a button (not illustrated) that enables the user to in-
struct the scanning operation. Alternatively, the operator
may press a key of the keyboard or may click on a dis-
played button on a graphic user interface (GUI) screen.
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[0096] If the instruction acquisition unit 102 receives a
tomographic image shooting start instruction, the instruc-
tion acquisition unit 102 transfers the received instruction
to the image acquisition unit 101. The image acquisition
unit 101 starts a shooting operation to capture a plurality
of tomographic images.
[0097] In the shooting operation to be performed by
the image acquisition unit 101, the main scanning direc-
tion of tomographic images is set to be identical to that
designated in first tomographic image capturing param-
eters. The sub scanning direction is set to be identical to
that designated in second tomographic image capturing
parameters. The image acquisition unit 101 acquires a
plurality of tomographic images that are different in the
B-scan position.
[0098] The tomographic images captured by the image
acquisition unit 101 are stored in the storage unit 106. If
the instruction acquisition unit 102 receives a new tom-
ographic image shooting start instruction, the processing
returns to step S410 in which the instruction acquisition
unit 102 newly acquires a shooting instruction.
[0099] Further, when a doctor performs diagnosis
based on a displayed tomographic image and if a usage
termination instruction is later input to the apparatus, the
display control unit 105 controls the display apparatus
130 to terminate the display.
[0100] Next, examples of the display screen that can
be displayed on the display apparatus 130 by the display
control unit 105 are described below with reference to
Figs. 5A and 5B. Fig. 5A illustrates a display screen area
501 of the display apparatus 130. The display screen
area 501 includes a first tomographic image 502 and a
second tomographic image 503, which are two-dimen-
sionally displayed.
[0101] The first tomographic image 502 is an image
captured in a state where the X direction of the retina is
set to be identical to the B-scan direction. The second
tomographic image 503 is an image captured in a state
where the Y direction is set to be identical to the B-scan
direction.
[0102] The display control unit 105 determines the lay-
out of the first tomographic image 502 in such a manner
that the vertical direction of the display screen area 501
becomes parallel to the depth direction of the retina (i.e.,
the Z-axis direction of the retina) in the first tomographic
image 502.
[0103] Further, the display control unit 105 determines
the layout of the second tomographic image 503 in such
a manner that the vertical direction of the display screen
area 501 becomes perpendicular to the depth direction
of the retina (i.e., the Z-axis direction of the retina) in the
second tomographic image 503.
[0104] In the display screen area 501, the deeper side
is positioned on the right side thereof. The B-scan direc-
tion of the first tomographic image is perpendicular to the
B-scan direction of the second tomographic image.
[0105] The display example illustrated in Fig. 5A is an
example of two tomographic images whose B-scan lines

are not parallel to each other. If the B-scan lines of two
tomographic images are parallel to each other, the dis-
play control unit 105 determines the layout of two tomo-
graphic images to be two-dimensionally displayed in
such a manner that the retina depth directions in these
tomographic images become parallel to each other.
[0106] As described above, the present exemplary em-
bodiment employs the display pattern that can explicitly
display a non-parallel relationship between two or more
tomographic images if the B-scan lines of these images
are not parallel to each other. Therefore, the display ap-
paratus 130 can display the tomographic images togeth-
er with different B-scan lines thereof on the screen. Users
can easily recognize the relative relationship between
the tomographic images when these images are dis-
played on the screen.
[0107] The present exemplary embodiment can deter-
mine the layout of a plurality of images so as to explicitly
indicate the differences in the B-scan line between the
displayed images. Therefore, the present exemplary em-
bodiment brings an effect of enabling users to easily and
intuitively comprehend the displayed images.
[0108] Further, the above-described method for dis-
playing a two-dimensional layout of a plurality of images
enables users to accurately obtain information necessary
in the diagnosis, compared to a case where a three-di-
mensional cubic display is employed. If the three-dimen-
sional cubic display is employed, an image displayed on
the display screen has a parallelogrammic shape, rather
than a rectangular shape. Therefore, if the diagnosis is
performed on a three-dimensionally displayed image, the
diagnosis may fail.
[0109] Fig. 5B illustrates another example of the dis-
play screen. The display screen illustrated in Fig. 5B in-
cludes a display of an intersecting position where two
tomographic images intersect, in addition to the illustrat-
ed contents of Fig. 5A. The crossing of two tomographic
images indicates that cross sections of the target to be
captured that correspond to the tomographic images are
mutually intersectional.
[0110] The display control unit 105 can acquire infor-
mation indicating the B-scan positions of respective to-
mographic images from the control unit 103. Therefore,
the display control unit 105 can determine whether the
tomographic images are intersectional based on the ac-
quired information.
[0111] If it is determined that the tomographic images
are intersectional, the display control unit 105 adds a
mark that indicates the intersecting position where they
intersect each other in the scanning of the retina. As an
example mark, a line can be used to indicate the inter-
secting position on the tomographic image. The above-
described line, when drawn on the display screen, is par-
allel to the Z-axis direction of the retina. The first tomo-
graphic image and the second tomographic image inter-
sect each other at the position indicated by the added line.
[0112] In Fig. 5B, a (dotted line) mark 509 added to the
first tomographic image 508 indicates the intersecting

15 16 



EP 2 552 296 B1

10

5

10

15

20

25

30

35

40

45

50

55

position where the first tomographic image 508 intersects
with the second tomographic image 506. Further, a (dot-
ted line) mark 507 added to the second tomographic im-
age 506 indicates the intersecting position where the sec-
ond tomographic image 506 intersects with the first tom-
ographic image 508.
[0113] In the present exemplary embodiment, the mark
that indicates the intersecting position is not limited to
the above-described dotted line. For example, a star
mark or any other mark is employable if it is appropriate
to indicate the intersecting position. Further, it may be
appropriate to add the above-described mark on only one
of the first tomographic image and the second tomo-
graphic image.
[0114] Using the display examples illustrated in Figs.
5A and 5B enables the display apparatus 130 to indicate
that the B-scan lines of respective tomographic images
are perpendicular to each other in the depth direction or
in the horizontal direction if these tomographic images
have been captured along the B-scan lines that are per-
pendicular to each other.
[0115] Even when the above-described display meth-
od is employed, targets in respective images may be sim-
ilar in the structure regardless of differences in the B-
scan direction. In such a case, users can comprehend
the usage of the inclined layout based on the displayed
image even when one of the images is inclined in the
display layout as illustrated in Figs. 5A and 5B.
[0116] The retina has a layer structure that is substan-
tially uniform in the entire region. Therefore, the above-
described examples can be applied to the layer structure
of the retina. In this respect, the above-described exam-
ples are display patterns that are effectively employable
for tomographic images of the retina.
[0117] Further, it is usual in a shooting operation of the
retina to set the main scanning direction to be parallel to
the reference line passing through the optic disc (optic
papilla) and the macula lutea and set the sub scanning
direction to be parallel to the Y-axis direction that is per-
pendicular to the X-axis direction. The diagnosis of tom-
ographic images can be easily performed by disposing
an image whose B-scan is performed in the X-axis direc-
tion as the first tomographic image 502 without reversing
vertical and horizontal sides thereof.
[0118] In the above-described exemplary embodi-
ment, the first tomographic image and the second tom-
ographic image are images acquired from the tomo-
graphic imaging apparatus 120. However, the present
invention is not limited to the above-described examples.
It may be useful to acquire images from the data stored
in a data server (not illustrated), if these images are us-
able as the first tomographic image and the second to-
mographic image.
[0119] In this case, in step S420, the image acquisition
unit 101 can transmit an acquisition request to the data
server (not illustrated) and acquire the first tomographic
image and the second tomographic image. The display
control unit 105 causes the display apparatus 130 to dis-

play the acquired images.
[0120] Further, in the above-described exemplary em-
bodiment, the first and second tomographic images are
displayed on the display screen. However, the number
of images that can be displayed on the display screen is
not limited to only two. Three or more images can be
displayed.
[0121] Further, in step S440 of the above-described
exemplary embodiment, the layout determination unit
107 checks the differences in the B-scan position be-
tween two or more tomographic images. However, it may
be useful to change the display pattern according to the
positional relationship between each tomographic image
and the target to be captured in the B-scan direction.
[0122] Further, it may be useful to put a mark indicating
the scanning direction on each displayed tomographic
image. The differences in the B-scan direction can be
enhanced.
[0123] In the above-described exemplary embodi-
ment, the B-scan directions of two images are perpen-
dicular to each other. However, the B-scan directions of
two images may intersect at an oblique angle. In such a
case, the layout determination unit 107 can employ a
layout capable of disposing one of the images obliquely.
Alternatively, the layout determination unit 107 can set
an angle between two images to be 90 degrees as illus-
trated in Figs. 5A and 5B.
[0124] In this case, the display control unit 105 displays
a character string or a mark that explicitly indicates the
intersecting angle between two tomographic images at
a position corresponding to the target to be captured.
Therefore, the layout of the images can indicate the dif-
ferences in the B-scan direction as well as the relative
positional relationship between the images. Further, in-
stead of displaying a tomographic image obliquely, it may
be useful to display a perspective view of the tomographic
image.
[0125] If the tomographic images are displayed so as
to form an angle of approximately 90 degrees, it may be
difficult for an operator to confirm the inclined tomograph-
ic image. Therefore, it is useful to provide a plurality of
display modes. For example, if a first display mode is
selected, the display control unit 105 employs the display
pattern illustrated in Figs. 5A and 5B. If a second display
mode is selected, the display control unit 105 displays
an enlarged image of a selected one of the tomographic
images instead of inclining it.
[0126] The control unit 103 performs switching of the
display mode from the first mode to the second mode in
response to operator’s selection (or designation) of one
of the tomographic images via the operation unit. The
display control unit 105 displays an enlarged image of
the selected tomographic image without inclining it on
the display apparatus 130.
[0127] If the operator’s selection is cancelled, the con-
trol unit 103 changes the display mode from the second
mode to the first mode. The display control unit 105
switches the display screen to an ordinary display screen
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as illustrated in Fig. 3. Performing the above-described
operation is effective to enable users to easily view an
image while intuitively confirming the B-scan direction.
[0128] A second exemplary embodiment of the present
invention is characterized in that a fundus image is dis-
played on the screen in addition to the tomographic im-
ages described in the first exemplary embodiment. More
specifically, the image processing apparatus selects a
display pattern that can superimpose B-scan positions
of a plurality of tomographic images on an added fundus
image. The display apparatus displays the superimposed
B-scan positions in association with the tomographic im-
ages.
[0129] Further, the second exemplary embodiment is
characterized in that the image processing apparatus de-
termines a display layout of the first tomographic image
and the second tomographic image considering the
shooting direction of each tomographic image to be used
in the diagnosis.
[0130] More specifically, in the present exemplary em-
bodiment, the display control unit 105 is configured to
display a fundus image together with a plurality of tom-
ographic images on a display screen area. Further, the
display control unit 105 is configured to superimpose
each B-scan position on the fundus image based on in-
formation relating to the B-scan position obtained from
the control unit 103. Further, the display control unit 105
is configured to display a correspondence relationship
between each B-scan position superimposed on the fun-
dus image and a corresponding tomographic image.
[0131] Examples of the screen that can be displayed
on the display apparatus 130 by the display control unit
105 according to the present exemplary embodiment are
described below with reference to Figs. 6A and 6B. Fig.
6A illustrates an example display of a fundus image 604
and an image capturing position 605 where the first to-
mographic image and the second tomographic image are
captured.
[0132] In the present exemplary embodiment, the im-
age capturing position 605 is a cross mark that represents
both the shooting direction of the first tomographic image
and the shooting direction of the second tomographic
image.
[0133] According to the example illustrated in Fig. 6A,
a line segment extending in the Y direction (vertical di-
rection) of the retina in the ocular fundus indicates the B-
scan position of the first tomographic image. Further, a
line segment extending in the X direction (horizontal di-
rection) of the retina indicates the B-scan position of the
second tomographic image, which is perpendicular to the
B-scan position of the first tomographic image. The
above-described line segments are differentiated in
color.
[0134] According to the example illustrated in Fig. 6A,
the vertically extending line segment is expressed using
a dotted line and the horizontally extending line segment
is expressed using a solid line, instead of differentiating
their colors to discriminate the B-scan position between

two tomographic images.
[0135] However, the way of discriminating the first to-
mographic image from the second tomographic image is
not limited to the above-described example. For exam-
ple, it may be useful to determine a frame color of a to-
mographic image in association with a color of the line
segment that indicates a corresponding B-scan position
on the fundus image.
[0136] Further, the example screen illustrated in Fig.
6A is different from those described in the first exemplary
embodiment in that a first tomographic image 602 is a
tomographic image that can be obtained by performing
scanning in the vertical direction. A second tomographic
image 603 is a tomographic image that can be obtained
by performing scanning in the horizontal direction.
[0137] In short, according to the example screen illus-
trated in Fig. 6A, it can be known that the main scanning
direction in a final shooting operation is set to be identical
to the vertical direction of the drawing and perpendicular
to the reference line that connects the optic disc and the
macula.
[0138] In general, the tomographic imaging apparatus
120 performs the main scanning operation in a direction
parallel with the reference line. However, the tomograph-
ic imaging apparatus 120 may set the main scanning
direction in the final shooting to be oblique relative to the
reference line if it is desired when the state of a lesion is
taken into consideration. Fig. 6A illustrates an example
display of a tomographic image having been provisionally
captured before the final shooting operation is performed.
[0139] As described above, the B-scan direction su-
perimposed on the fundus image is intentionally differ-
entiated from the B-scan direction superimposed on the
tomographic image, because the non-inclined display
pattern (see the first tomographic image 602) is natural
and the confirmation of the image is easy.
[0140] In the present exemplary embodiment, easi-
ness in diagnosing a lesion is taken into consideration in
the setting of the main scanning direction. Therefore, the
display apparatus 130 is required to display an image
taken along the main scanning direction in such a way
as to enable users to easily view the image to be used
in the diagnosis.
[0141] In the context of the present disclosure, the pro-
visional shooting is referred to as a shooting to be per-
formed to perform positioning and set shooting conditions
required to finally capture a tomographic image. The final
shooting is referred to as a shooting to be performed after
the above-described provisional shooting is completed.
[0142] Fig. 6B illustrates another example of the dis-
play screen. Similar to the example screen illustrated in
Fig. 5B, two tomographic images are intersectional each
other and the crossing position is superimposed on each
tomographic image.
[0143] On the screen illustrated in Fig. 6B, the layout
determination unit 107 determines a layout of two tomo-
graphic images in such a manner that the B-scan direc-
tion superimposed on the fundus image becomes parallel
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to the B-scan direction superimposed on the correspond-
ing tomographic image. In this respect, the display pat-
tern illustrated in Fig. 6B is different from the display pat-
tern illustrated in Fig. 6A.
[0144] As described above, the display screen illus-
trated in Fig. 6B is useful in that users can intuitively rec-
ognize the relationship between the fundus image and
the tomographic images because the B-scan direction of
the fundus image coincides with the B-scan direction of
the tomographic image.
[0145] Employing the display pattern illustrated in Fig.
6A or Fig. 6B enables users to visually compare the fun-
dus image and the tomographic images. Further, super-
imposing the B-scan position on the fundus image in as-
sociation with each tomographic image enables users to
obtain information effectively usable in the diagnosis by
referring to the position of each tomographic image su-
perimposed on the fundus image.
[0146] The display patterns according to the present
exemplary embodiment are not limited to the above-de-
scribed examples illustrated in Figs. 6A and 6B and var-
ious display patterns are employable.
[0147] As an example, the display control unit 105 can
perform switching control in such a way as to display
either the fundus image or the tomographic images in
response to operator’s instruction input via the operation
unit.
[0148] In this case, if a user inputs an instruction to
select the fundus image via the operation unit, the in-
struction acquisition unit 102 transmits a selection in-
struction to the control unit 103 in response to the input
instruction. The control unit 103 transmits an instruction
to the display control unit 105 to select the designated
image and perform display switching.
[0149] In the present exemplary embodiment, the con-
trol unit 103 is functionally operable as a selection unit.
In response to the instruction received from the control
unit 103, the display control unit 105 selects the first dis-
play mode to display the selected fundus image.
[0150] Further, in a state where the first display mode
is selected, an instruction to select one of the B-scan
positions displayed on the fundus image may be input.
In this case, the instruction acquisition unit 102 transmits
the input instruction to the control unit 103. The control
unit 103 transmits an instruction to the display control
unit 105 to perform switching of the display. In response
to the instruction received from the control unit 103, the
display control unit 105 displays the tomographic image
that corresponds to the selected B-scan position.
[0151] In particular, the above-described switching be-
tween two or more display patterns is effective when the
fundus image and a plurality of tomographic images are
simultaneously displayed in a limited screen area, or
when the number of tomographic images to be simulta-
neously displayed is large.
[0152] Instead of using the fundus image that can be
captured by the fundus camera 202, it may be useful to
display, as an image of the ocular fundus, an integrated

image that can be obtained by three-dimensionally inte-
grating tomographic images in the depth direction.
[0153] Further, it may be useful that the display control
unit 105 displays a simplified image that indicates a re-
lationship between two or more tomographic images at
a position corresponding to the target to be captured in-
stead of displaying the fundus image.
[0154] An example of the above-described image to
be displayed by the display control unit 105 is an image
including a circle representing the fundus image and line
segments representing B-scan positions located in the
circle. The above-described example display is effective
if a user wants to confirm the fundus image independent
of the tomographic images or when it is required to ex-
plicitly display the positional relationship between the to-
mographic images.
[0155] It is desired that the above-described display
processing according to the first or second exemplary
embodiment is applied to the display of images obtained
in a provisional shooting prior to the final shooting.
[0156] The display control unit 105 displays the provi-
sionally obtained images on the display apparatus 130
before the final shooting starts. A user performs adjust-
ment of shooting conditions while checking the provision-
ally obtained images. Even if in the above-described pro-
visional shooting a plurality of tomographic images has
been obtained at different B-scan directions, the user can
intuitively comprehend the positional relationship be-
tween the B-scan directions.
[0157] A third exemplary embodiment of the present
invention relates to display control for an image captured
in a provisional shooting (or pre-scan) operation prior to
a final shooting operation.
[0158] An example operation that can be performed
by the tomographic imaging system 100 is described be-
low. A user instructs adjustment for final shooting condi-
tions while viewing tomographic images and a fundus
image displayed on the display apparatus 130 captured
as provisional shooting to adjust shooting conditions. The
control unit 103 generates new shooting parameters ac-
cording to an instruction and instructs the tomographic
imaging apparatus 120 to perform a shooting operation.
[0159] In this respect, the instruction acquisition unit
102 is functionally operable as an adjustment unit con-
figured to adjust shooting conditions for tomographic im-
ages of a target to be captured. The display control unit
105 processes the tomographic images so as to corre-
spond to the shooting conditions adjusted according to
the input received by the adjustment unit, and causes
the display apparatus 130 to display processed images.
[0160] As described above, while performing adjust-
ment for the shooting conditions based on user’s instruc-
tion, the tomographic imaging system 100 transmits a
provisional shooting re-shooting instruction via the in-
struction acquisition unit 102 to the tomographic imaging
apparatus 120.
[0161] When the adjustment for the shooting condi-
tions has been completed, the user inputs a final shooting
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instruction. In the present exemplary embodiment, the
provisional shooting or the final shooting if performed af-
ter the above-described adjustment is referred to as re-
shooting.
[0162] The tomographic image capturing system ac-
cording to the present exemplary embodiment is different
from the tomographic image capturing system described
in the first exemplary embodiment in the processing to
be performed in step S450 as described below.
[0163] In step S450, the control unit 103 confirms
whether the instruction acquisition unit 102 has received
a pre-scan shooting termination instruction. The pre-
scan shooting termination instruction is, for example, a
scanning start instruction to capture a tomographic image
to be used in the diagnosis that may be input by an op-
erator via the instruction acquisition unit 102.
[0164] Usually, the operator presses a button (not il-
lustrated) of the instruction acquisition unit 102 to input
the scanning start instruction to capture a tomographic
image to be used in the diagnosis. However, the way of
inputting the scanning start instruction is not limited to
the above-described example. For example, the operator
can press a key of the keyboard or click on a displayed
button of the GUI screen.
[0165] If the start instruction to capture a tomographic
image to be used in the diagnosis is input, the input in-
struction is transferred to the tomographic imaging ap-
paratus 120 via the image acquisition unit 101. In this
respect, the image acquisition unit 101 is functionally op-
erable as an instruction transmission unit. The tomo-
graphic imaging apparatus 120 starts capturing a plurality
of tomographic images.
[0166] The main scanning direction of the tomographic
images to be used in the diagnosis is set to be identical
to that designated in the first tomographic image captur-
ing parameters. The sub scanning is set to be identical
to that designated in the second tomographic image cap-
turing parameters. The tomographic imaging apparatus
120 acquires a plurality of tomographic images at dis-
cretely selected positions.
[0167] The captured tomographic images to be used
in the diagnosis are stored in the storage unit 106. If a
tomographic image shooting termination instruction is in-
put, the tomographic imaging apparatus 120 terminates
the pre-scan shooting operation.
[0168] If the tomographic imaging apparatus 120 ter-
minates the pre-scan shooting operation, the tomograph-
ic imaging system 100 terminates the processing illus-
trated in Fig. 4. If the tomographic imaging apparatus 120
continuously performs the pre-scan shooting operation,
the processing returns to step S410 in which the instruc-
tion acquisition unit 102 newly acquires a shooting in-
struction.
[0169] Fig. 7 illustrates a display example of a provi-
sional shooting image when the tomographic imaging ap-
paratus 120 captures tomographic images to be used in
the diagnosis from a predetermined area of the retina.
The display example illustrated in Fig. 7 includes a first

tomographic image 708 and a second tomographic im-
age 710. Further, a mark (dotted line) 709 indicating a
crossing position in the second tomographic image 710
is displayed on the first tomographic image 708.
[0170] Similarly, a mark (dotted line) 711 indicating a
crossing position in the first tomographic image 708 is
displayed on the second tomographic image 710. A
frame 712 indicating a shooting range of the tomographic
image to be used in the diagnosis is also displayed on
the second tomographic image 710.
[0171] Further, a frame 713 indicating a shooting range
of the tomographic image to be used in the diagnosis is
displayed on a fundus image 714. The tomographic im-
aging apparatus 120 performs a shooting operation and
the control unit 103 acquires the fundus image 714.
[0172] Further, the control unit 103 transfers the cap-
tured fundus image, the tomographic images, and shoot-
ing conditions (e.g., shooting range) to the display control
unit 105. In response to an input, the display control unit
105 performs display control to superimpose the shooting
range of the tomographic image to be used in the diag-
nosis on the fundus image and the tomographic image.
[0173] Further, if the instruction acquisition unit 102
acquires a change instruction with respect to the shooting
conditions (e.g., shooting range, B-scan position in pro-
visional shooting, and coherence gate) from a user, the
control unit 103 generates shooting parameters accord-
ing to the input instruction and instructs the tomographic
imaging apparatus 120 to perform re-shooting via the
image acquisition unit 101. The tomographic images re-
captured by the tomographic imaging apparatus 120 are
input to the image processing apparatus 110 via the im-
age acquisition unit 101, and are displayed on the display
apparatus 130 as illustrated in Fig. 7.
[0174] When the above-described display method ac-
cording to the present exemplary embodiment is applied
to the display of tomographic images to be captured by
the provisional shooting, a user can easily perform setting
of a shooting range, selection of a main scanning direc-
tion in the B-scan processing, setting of a B-scan position,
and adjustment of a coherent gate, while intuitively rec-
ognizing a relationship between a plurality of tomograph-
ic images. Further, the tomographic imaging system 100
can provide a display screen that enables users to easily
recognize the shooting range relative to the fundus image
or the tomographic image.
[0175] Similar to the display example illustrated in Fig.
6A in the second exemplary embodiment, the display
control unit 105 determines the layout in such a way as
to display a tomographic image obtained by the B-scan
operation performed in parallel to the main scanning di-
rection without inclining it.
[0176] For example, if an available apparatus performs
provisional shooting while changing the main scanning
direction for the B-scan processing and determines the
main scanning direction, the adjustment operation can
be easily performed.
[0177] In general, the tomographic imaging system
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100 adjusts the main scanning direction depending on
the shape of a lesion. Therefore, the above-described
display method according to the present exemplary em-
bodiment brings an effect of enabling users to easily per-
form image capturing adjustment for an image of a lesion.
[0178] A fourth exemplary embodiment of the present
invention is characterized in that the tomographic imag-
ing system uses a multi-beam type optical coherence
tomographic imaging apparatus, which can simultane-
ously scan a plurality of positions with a plurality of signal
light beams Bm. The tomographic imaging apparatus ac-
cording to the present exemplary embodiment performs
pre-scan image display control before starting a final
shooting operation to capture tomographic images to be
used in the diagnosis.
[0179] The image processing apparatus 110 according
to the present exemplary embodiment has a basic con-
figuration similar to that described in the first exemplary
embodiment. Therefore, the description relating to the
tomographic imaging system 100 is not repeated.
[0180] A tomographic imaging apparatus 820 accord-
ing to the present exemplary embodiment has a config-
uration different from the above-described tomographic
imaging apparatus 120. An example configuration of the
tomographic imaging apparatus 820 according to the
present exemplary embodiment is described below with
reference to with reference to Fig. 8. Components or por-
tions similar to those of the tomographic imaging appa-
ratus 120 are denoted by the same reference numbers
and descriptions thereof are not repeated. The tomo-
graphic imaging apparatus 820 can use three signal light
beams.
[0181] In Fig. 8, SLD 301a, SLD 301b, and SLD 301c
are low-coherence light sources that can emit light toward
a fiber coupler 303. The fiber coupler 303 can separate
an incident light flux into a signal light flux Bm and a ref-
erence light flux Br. The signal light flux Bm is output via
an optical fiber to a scanning optical system 304. The
reference light flux Br is output via an optical fiber to a
reference light collimator 308.
[0182] In the present exemplary embodiment, Bm1
and Br1 represent signal light and reference light that are
separated from the light emitted from the SLD 301a. Sim-
ilarly, Bm2 and Br2 represent signal light and reference
light that are separated from the light emitted from the
SLD 301b. Further, Bm3 and Br3 represent signal light
and reference light that are separated from the light emit-
ted from the SLD 301c.
[0183] Three reference light beams Br1, Br2, and Br3
of the reference light flux Br output from the fiber coupler
303 can enter the reference light collimator 308 via optical
fibers and can reach a reference mirror 309a, a reference
mirror 309b, and a reference mirror 309c, respectively.
[0184] The reference light beams Br1, Br2, and Br3
reflected by the reference mirrors 309a, 309b, and 309c
again enter the fiber coupler 303. The fiber coupler 303
causes the reference light beams Br1, Br2, and Br3 to
interfere with the signal light flux Bm and output interfer-

ing light beams that are input to a signal detection unit
310. More specifically, three interfering light beams,
which are generated based on the interference between
three signal light beams Bm1, Bm2, and Bm3 and the
reference light beams Br1, Br2, and Br3, enter the signal
detection unit 310.
[0185] A reference mirror control unit 312 can drive
and control the position of the reference mirror 309a, the
reference mirror 309b, and the reference mirror 309c.
The signal detection unit 310 can detect each interfering
light and output the detected interfering light beams, as
three electric interference signals, to a signal processing
unit 311.
[0186] The signal processing unit 311 can perform sig-
nal processing (e.g., Fourier transform) on each interfer-
ence signal to generate three A-scans that correspond
to the reflectance along the Z direction of the retina RT.
The signal processing unit 311 can reconstruct three to-
mographic images of the retina RT based on the gener-
ated A-scans.
[0187] Figs. 9A to 9E illustrate an example alignment
of the signal light beams in the scanning optical system
304. Fig. 9A illustrates an example of the signal light
beams Bm1, Bm2, and Bm3, which are arrayed along a
line perpendicular to the scanning direction. Fig. 9C il-
lustrates an example of the signal light beams Bm1, Bm2,
and Bm3, which are arrayed along a horizontal direction.
[0188] Further, Figs. 9B and 9D illustrate the scanning
direction of the signal light beams and the alignment of
the signal light beams on the retina RT. Fig. 9E illustrates
the X-axis direction and the Y-axis direction to be applied
to Fig. 9A through Fig. 9D.
[0189] Next, an example procedure of processing that
can be performed by the image processing apparatus
110 according to the present exemplary embodiment is
described below with reference to a flowchart of Fig. 10.
[0190] In step S1010, the instruction acquisition unit
102 acquires instruction information input by an operator
(not illustrated). The acquired instruction information in-
cludes information indicating the shooting position of to-
mographic images to be used in the diagnosis, the scan-
ning direction in a shooting operation, and the position
of a coherence gate (image capturing depth).
[0191] For example, the operator designates a prede-
termined portion of the retina as the shooting position. In
the present exemplary embodiment, the tomographic im-
aging apparatus 820 uses three signal light beams. How-
ever, the operator can input only one instruction to des-
ignate three shooting positions of the signal light beams.
Alternatively, if desired, the measurement position of
each signal light beam can be independently instructed.
[0192] Further, the instruction acquisition unit 102 ac-
quires an instruction with respect to the layout of three
signal light beams. In the present exemplary embodi-
ment, referring to the layout illustrated in Fig. 6A, an ex-
ample shooting operation that can be performed by scan-
ning the retina in the X direction is described below. The
operator can input the shooting instruction via the key-
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board (not illustrated) or the mouse (not illustrated) pro-
vided for the image processing apparatus 110. The ob-
tained instruction is transmitted to the control unit 103.
[0193] In step S1020, the control unit 103 determines
first imaging scan parameters and second imaging scan
parameters to be used in a pre-scan operation, to adjust
the shooting parameters for tomographic images to be
used in the diagnosis. In the present exemplary embod-
iment, the first imaging scan parameters include infor-
mation indicating the shooting position, the shooting
range (scanning distance), the depth, and the direction
that are basically identical to those included in the shoot-
ing instruction obtained in step S1010.
[0194] The second imaging scan parameters include
information that determines the shooting position and di-
rection in such a way as to set the second imaging scan
to be perpendicular to the first imaging scan at a midpoint
of a mutual scanning line.
[0195] The shooting range (scanning distance) is set
to be identical to that of the first imaging scan. The direc-
tion of the first imaging scan is set to be identical to the
X direction of the retina. The direction of the second im-
aging scan is set to be identical to the Y direction of the
retina. In the present exemplary embodiment, positive
and negative directions of the X-axis direction are not
defined.
[0196] Further, as three signal light beams are used to
perform scanning in the direction of the first imaging scan,
the second imaging scan is intersectional with three first
imaging scans. In the present exemplary embodiment,
the main scanning direction in the final shooting is set to
be identical to the horizontal direction.
[0197] The above-described determining the first im-
aging scan parameters and the second imaging scan pa-
rameters is a mere example. The parameter determina-
tion method is not limited to the above-described exam-
ple and any other method can be employed if it is appro-
priate.
[0198] In the present exemplary embodiment, only one
scanning optical system performs scanning with three
signal light beams. Therefore, the system performs the
second imaging scan with three signal light beams.
[0199] In step S1030, the control unit 103 transfers the
first imaging scan parameters and the second imaging
scan parameters, which have been determined in step
S1020, to the image acquisition unit 101. The image ac-
quisition unit 101 transmits the received parameters to
the tomographic imaging apparatus 820.
[0200] In step S1040, the tomographic imaging appa-
ratus 820 captures retinal tomographic images and a fun-
dus image based on the first imaging scan parameters
and the second imaging scan parameters. In the present
exemplary embodiment, the tomographic imaging appa-
ratus 820 performs a first shooting operation by scanning
the retina along the X direction, according to the signal
light layout illustrated in Fig. 9A.
[0201] Therefore, the signal light Bm1, the signal light
Bm2, and the signal light Bm3 scan different positions,

respectively. Three images to be formed are tomographic
images of the target captured at different positions.
[0202] Next, the tomographic imaging apparatus 820
scans the retina along the Y direction with the second
shooting parameters according to the same signal light
layout. Therefore, the signal light Bm1, the signal light
Bm2, and the signal light Bm3 are used to obtain tomo-
graphic images of the retina at substantially the same
positions. As described above, the tomographic imaging
apparatus 820 can obtain three tomographic images by
performing scanning based on the first imaging scan pa-
rameters and obtain three tomographic images by per-
forming scanning based on the second imaging scan pa-
rameters.
[0203] In step S1050, the control unit 103 acquires the
above-described three tomographic images obtained by
the first shooting operation and the above-described
three tomographic images obtained by the second shoot-
ing operation via the image acquisition unit 101. The con-
trol unit 103 transfers the acquired tomographic images
to the image formation unit 104.
[0204] In step S1060, the image formation unit 104
generates images having sufficient image quality usable
in the diagnosis based on the tomographic images re-
ceived from the image acquisition unit 101. In this case,
an example of the image generation processing that can
be performed by the image formation unit 104 is contrast
adjustment processing, gamma correction processing,
or pseudo-color processing. The control unit 103 trans-
fers the tomographic images generated in step S1060 to
the display control unit 105.
[0205] In step S1070, the display control unit 105 per-
forms display control for the generated tomographic im-
ages. In the present exemplary embodiment, the tomo-
graphic imaging apparatus 820 performs the first shoot-
ing operation along a direction parallel to the main scan-
ning direction in the final shooting.
[0206] Therefore, the layout determination unit 107 of
the display control unit 105 determines a layout of the
generated tomographic images in such a way as to set
the depth direction of three tomographic images obtained
by the first shooting operation to be parallel to the vertical
direction of the display screen area. In addition, the layout
determination unit 107 determines the layout in such a
way as to align three tomographic images in the vertical
direction.
[0207] The three tomographic images obtained by the
second shooting operation are substantially the same in
the shooting position. Therefore, to effectively use the
display area, the display control unit 105 displays only
the tomographic image obtained using the central signal
light (i.e., signal light Bm1).
[0208] The second shooting direction is perpendicular
to the main scanning direction of images to be used in
the diagnosis. Therefore, the display control unit 105 per-
forms display control to express the above-described re-
lationship. The layout determination unit 107 of the dis-
play control unit 105 determines a layout of the tomo-
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graphic images in such a way as to set the depth direction
of the retina on the tomographic images to be parallel to
the horizontal direction of the display screen area and
further in such a way as to position pixels of the deeper
side on the right side of the display screen area. A display
example of the tomographic images according to the lay-
out determined in the present step is described below.
[0209] In step S1080, the control unit 103 confirms
whether the instruction acquisition unit 102 has received
the pre-scan shooting termination instruction. If the pre-
scan shooting termination instruction is input, the image
processing apparatus 110 terminates the processing il-
lustrated in Fig. 10.
[0210] If a pre-scan shooting continuation instruction
is input, the processing returns to step S1010, in which
tomographic images are captured based on a newly ac-
quired shooting instruction and displayed on the display
apparatus 130.
[0211] Examples of the screen that can be displayed
on the display apparatus 130 through the above-de-
scribed processing are described below with reference
to Figs. 11A to 11C. Fig. 11A illustrates a display area
1101 of the display apparatus 130 that includes a tomo-
graphic image 1102 obtained using the signal light Bm1,
a tomographic image 1103 obtained using the signal light
Bm2, and a tomographic image 1104 obtained using the
signal light Bm3.
[0212] The shooting direction and the shooting range
determined to capture the tomographic images 1102,
1103, and 1104 are similar to those included in the shoot-
ing parameters to be used in the diagnosis. The depth
directions of the tomographic image 1102, the tomo-
graphic image 1103, and the tomographic image 1104
(i.e., Z-axis direction of the retina) are set to be parallel
to the vertical direction of the display screen area 1101.
[0213] Further, the display screen illustrated in Fig.
11A further includes a tomographic image 1105 obtained
using the signal light Bm1 so as to correspond to the
second shooting direction. The tomographic image 1105
is inclined 90 degrees relative to the horizontal direction
of the display screen area 1101. The depth direction of
the retina on the tomographic image 1105 is set to be
perpendicular to the vertical direction of the display
screen. Further, the deeper side is positioned on the right
side of the display area.
[0214] Further, the display control unit 105 displays a
fundus image 1106 on which the B-scan position of each
tomographic image is superimposed. The fundus image
1106 can be captured by the tomographic imaging ap-
paratus 820 in step S1040, acquired by the control unit
103 in step S1050, and processed together with tomo-
graphic images in step S1060.
[0215] Then, in step S1070, the display control unit 105
performs display control to superimpose a B-scan posi-
tion 1107 of each tomographic image on the fundus im-
age 1106. In Fig. 11A, three lines drawn in the horizontal
direction of the display screen represent the B-scan po-
sitions of the tomographic image 1102, the tomographic

image 1103, and the tomographic image 1104, respec-
tively. A line drawn in the vertical direction represents the
B-scan position of the tomographic image 1105.
[0216] Fig. 11B illustrates another example of the dis-
play screen in which an intersecting position of each to-
mographic image is indicated on the tomographic image.
In this case, in step S1060, the display control unit 105
adds a mark indicating the intersecting position of the
tomographic image obtained using the signal light Bm1
at the B-scan position extending in the vertical direction
on each of the tomographic images obtained using the
signal light Bm1, the signal light Bm2, and the signal light
Bm3.
[0217] Further, the image formation unit 104 adds a
mark indicating the intersecting position of each of the
tomographic images obtained by the first shooting oper-
ation with the signal light Bm1, the signal light Bm2, and
the signal light Bm3 on the tomographic image obtained
by the second shooting operation with the signal light
Bm1.
[0218] In Fig. 11B, a dotted line 1116 represents a po-
sition where the signal light Bm1 intersects a tomographic
image 1110 corresponding to the signal light Bm1. Fur-
ther, a dotted line 1114, a dotted line 1113, and a dotted
line 1115 are added on a tomographic image 1112 ob-
tained by the second shooting operation with the signal
light Bm1. The dotted line 1114, the dotted line 1113, and
the dotted line 1115 represent the intersecting positions
of a tomographic image 1109, the tomographic image
1110, and a tomographic image 1111.
[0219] Fig. 11C illustrates another example of the dis-
play screen, in which the shooting range of the final shoot-
ing operation of each of the signal light Bm1, the signal
light Bm2, and the signal light Bm3 is added on the tom-
ographic image 1112 obtained by the second shooting
operation with the signal light Bm1. In step S1060, the
display control unit 105 adds the above-described infor-
mation. In Fig. 11C, a frame 1119, a frame 1118, and a
frame 1120 are added on a tomographic image 1117
obtained by the second shooting operation with the signal
light Bm1. The frame 1119, the frame 1118, and the frame
1120 represent the shooting ranges that correspond to
the signal light Bm1, the signal light Bm2, the signal light
Bm3, respectively.
[0220] As an example, each of the frame 1119 and the
frame 1120 is indicated by an alternate long and short
dash line. The frame 1118 is indicated by a solid line.
The shooting ranges of respective signal light beams are
partly overlapped. Further, a frame 1122 is added on a
fundus image 1121. The frame 1122 represents a tom-
ographic image measurement area of respective signal
light beams.
[0221] The above-described configuration enables us-
ers to easily recognize a relative relationship between
pre-scan tomographic images to be used in the adjust-
ment of shooting parameters that correspond to respec-
tive signal light beams when a shooting operation to cap-
ture tomographic images to be used in the diagnosis is
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performed with simultaneously used plurality of signal
light beams.
[0222] The above-described exemplary embodiment
has described a selective display of the tomographic im-
age based on the signal light Bm1 when the tomographic
image obtained by the second shooting operation is dis-
played. However, the present invention is not limited to
the above-described selection. For example, it may be
useful to display the tomographic image based on the
signal light Bm2 or the tomographic image based on the
signal light Bm3. Further, it may be desired to display two
or more tomographic images.
[0223] Further, it may be useful that the tomographic
imaging apparatus 820 uses only one signal light to cap-
ture tomographic images. In this case, for example, the
tomographic imaging apparatus 820 performs measure-
ment using the signal light Bm1 and does not display
tomographic images corresponding to the signal light
Bm2 and the signal light Bm3 when the pre-scan tomo-
graphic images are displayed.
[0224] In the present exemplary embodiment, to cap-
ture tomographic images to be used in the diagnosis, the
tomographic imaging apparatus 820 uses three signal
light beams. However, the number of signal light beams
is not limited to three and can be two or can be four or
more. In these cases, the tomographic imaging appara-
tus performs a pre-scanning operation with respective
signal light beams and the display apparatus 130 dis-
plays the captured tomographic images.
[0225] Further, the present invention is not limited to
the above-described exemplary embodiment and can be
applied to an optical coherence tomographic imaging ap-
paratus that can independently control three signal light
beams to perform scanning. In such a case, the display
method according to the present invention is effective
when the complicatedness in adjustment is taken into
consideration.
[0226] A fifth exemplary embodiment of the present
invention provides a tomographic imaging system that
can explicitly display a relationship between a plurality
of signal light beams in coherence gate position (image
capturing depth). To this end, the tomographic imaging
system according to the present exemplary embodiment
determines a limited number of tomographic images to
be displayed among a plurality of tomographic images
captured with different signal light beams.
[0227] Further, the tomographic imaging system ac-
cording to the present exemplary embodiment can gen-
erate and display a new second tomographic image by
combining second tomographic images captured using
a plurality of signal light beams.
[0228] The image processing apparatus 110 according
to the present exemplary embodiment has a basic con-
figuration similar to that described in the first exemplary
embodiment (see Fig. 1). Therefore, the description re-
lating to the tomographic imaging system 100 is not re-
peated. Further, a tomographic imaging apparatus ac-
cording to the present exemplary embodiment is similar

to that tomographic imaging apparatus 820 described in
the fourth exemplary embodiment. Therefore, the de-
scription relating to the tomographic imaging apparatus
is not repeated.
[0229] Next, an example procedure of processing that
can be performed by the image processing apparatus
110 according to the present exemplary embodiment is
described below with reference to the flowchart illustrated
in Fig. 10. In the following description, processing differ-
ent from that described in the fourth exemplary embod-
iment is described in detail and the descriptions for the
rest is not repeated.
[0230] In step S1010, the instruction acquisition unit
102 acquires instruction information input by an operator
(not illustrated). The acquired instruction information in-
cludes information indicating the shooting position of to-
mographic images to be used in the diagnosis, the B-
scan direction in a shooting operation, and the position
of a coherence gate (image capturing depth).
[0231] In the present exemplary embodiment, it is as-
sumed that the operator can independently designate
adjustment of the coherence gate with respective signal
light beams. The instruction acquisition unit 102 transmits
the obtained instruction to the control unit 103.
[0232] In step S1040, the tomographic imaging appa-
ratus 820 captures retinal tomographic images based on
first shooting parameters and second shooting parame-
ters. In addition, the fundus camera 302 captures a fun-
dus image. In the present exemplary embodiment, similar
to the fourth exemplary embodiment, the tomographic
imaging apparatus 820 performs the first shooting oper-
ation by scanning the retina along the X direction, ac-
cording to the signal light layout illustrated in Fig. 9A.
[0233] Therefore, the tomographic imaging apparatus
820 captures tomographic images at different cross sec-
tions with the signal light Bm1, the signal light Bm2, and
the signal light Bm3, respectively. Next, the tomographic
imaging apparatus 820 scans the retina along the Y di-
rection with the second shooting parameters according
to the same signal light layout.
[0234] Therefore, the signal light Bm1, the signal light
Bm2, and the signal light Bm3 obtain tomographic imag-
es of the retina at substantially the same positions. Thus,
the tomographic imaging apparatus 820 can obtain three
tomographic images by performing scanning based on
the first shooting parameters and obtain three tomo-
graphic images by performing scanning based on the
second shooting parameters.
[0235] In the present exemplary embodiment, the to-
mographic imaging apparatus 820 adjusts the coherence
gate position of each signal light, i.e., the optical path
length of the reference light Br. Therefore, the control
unit 103 controls the reference mirror control unit 312 to
adjust the positions of the reference mirrors 309a, 309b,
and 309c that correspond to the signal light beams Bm1,
Bm2, and Bm3. The tomographic imaging apparatus 820
captures first tomographic images and second tomo-
graphic images for each signal light at the adjusted same

31 32 



EP 2 552 296 B1

18

5

10

15

20

25

30

35

40

45

50

55

coherence gate position (image capturing depth).
[0236] In step S1060, the image formation unit 104
forms three first tomographic images and three second
tomographic images. In the present exemplary embodi-
ment, the image formation unit 104 generates a compos-
ite second tomographic image by combining a plurality
of second tomographic images corresponding to different
signal light beams in addition to the image formation
processing (e.g., contrast adjustment).
[0237] The image formation unit 104 can perform at
least one of the following processing, as example gen-
eration processing.

(a) The image formation unit 104 generates a com-
posite second tomographic image by partly seg-
menting (clipping) image portions from the second
tomographic images corresponding to a plurality of
signal light beams. In this case, an area to be seg-
mented or clipped is set to be identical to an area in
which a tomographic image to be used in the diag-
nosis is captured with each signal light.
(b) The image formation unit 104 mixes second to-
mographic images corresponding to all of the signal
light beams. In this case, the image formation unit
104 can generate an average tomographic image
that represents the second tomographic images cor-
responding to all of the signal light beams. Alterna-
tively, the image formation unit 104 can generate an
average tomographic image by weighting the sec-
ond tomographic image of each signal light. For ex-
ample, a weighting factor 2 can be allocated to a
second tomographic image corresponding to signal
light 1, while a weighting factor 1 can be allocated
to a second tomographic image corresponding to an-
other signal light.

[0238] The generation processing according to the
present invention is not limited to the above-described
example. For example, it is useful to generate a compos-
ite second tomographic image based on second tomo-
graphic images corresponding to a plurality of signal light
beams.
[0239] In step S1070, the display control unit 105 per-
forms display control for the three first tomographic im-
ages, the three second tomographic images, and the
composite second tomographic image, which have been
formed in step S1060.
[0240] The layout determination unit 107 of the display
control unit 105 determines a layout of respective tomo-
graphic images in such a way as to set the depth direction
of the three first tomographic images to be parallel to the
vertical direction of the display area and further in such
a way as to position the pixels of the deeper side on the
lower side of the display area.
[0241] The display control unit 105 displays the three
first tomographic images on the display apparatus 130
according to the layout determined by layout determina-
tion unit 107. The display control unit 105 performs dis-

play control for one of the second tomographic images
corresponding to the three signal light beams and the
composite second tomographic image obtained in step
S1060.
[0242] In the present exemplary embodiment, the dis-
play control unit 105 performs display control for the com-
posite second tomographic image. The image capturing
direction of the second tomographic images correspond-
ing to respective signal light beams is perpendicular to
the shooting direction defined in the image capturing pa-
rameters to be used in the diagnosis. Therefore, the dis-
play control unit 105 displays the above-described rela-
tionship.
[0243] More specifically, the layout determination unit
107 of the display control unit 105 determines a layout
of respective images in such a way as to set the depth
direction of the composite second tomographic image to
be parallel to the horizontal direction of the display area
and further in such a way as to position the pixels of the
deeper side on the right side of the display area. The
display control unit 105 displays the composite second
tomographic image on the display apparatus 130 accord-
ing to the layout determined by layout determination unit
107.
[0244] The second tomographic image to be displayed
is not limited to the above-described composite second
tomographic image. Further, it may be desirable to switch
the second tomographic image to be displayed while the
image processing apparatus according to the present in-
vention is operating. For example, an operator may mo-
mentarily adjust image capturing parameters, such as
the coherence gate position (image capturing depth), for
a specific signal light. In such a case, in step S1070, the
display control unit 105 can display a second tomograph-
ic image corresponding to the concerned signal light.
[0245] Figs. 12A and 12B illustrate display examples
that can be displayed on the display apparatus 130 by
the display control unit 105 according to the present ex-
emplary embodiment. Fig. 12A illustrates a first tomo-
graphic image 1202 that corresponds to the signal light
Bm1, a first tomographic image 1203 that corresponds
to the signal light Bm2, and a first tomographic image
1204 that corresponds to the signal light Bm3, which are
disposed in a display area 1201 of the display apparatus
130.
[0246] The shooting direction and the shooting range
having been set for the tomographic images 1202, 1203,
and 1204 are similar to those defined in the tomographic
image information parameters to be used in the diagno-
sis. The depth direction (Z direction of the retina) of the
first tomographic image 1202, the first tomographic im-
age 1203, and the first tomographic image 1204 is set to
be identical to the vertical direction of the display area
1201.
[0247] The depth direction (Z direction of the retina) of
a composite second tomographic image 1205 obtainable
from the second tomographic images corresponding to
the three signal light beams is set to be identical to the
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horizontal direction of the display area 1201. Further, a
deeper side of the second tomographic image 1205 is
positioned on the right side of the display area 1201.
[0248] The composite second tomographic image
1205 includes an area 1206, an area 1207, and an area
1208, which are extracted from the same area of the sec-
ond tomographic images corresponding to signal light 1,
signal light 2, and signal light 3, respectively.
[0249] Fig. 12B illustrates a second tomographic im-
age 1209 corresponding to the signal light 2 displayed in
the display area 1201 of the display apparatus 130, in a
case where the signal light 2 is a target to be operated
to adjust the coherence gate position.
[0250] According to the above-described configura-
tion, not only a relative relationship between image cap-
turing positions of respective signal light beams on the
retina but also a relative relationship between coherence
gates can be easily recognized by performing the display
control for the first tomographic images and the second
tomographic image that correspond to the signal light
beams.
[0251] Figs. 13A to 13C illustrate display examples that
can display coherence gate positions of respective each
signal light beams. The display screen illustrated in Fig.
13A is different from the display screen illustrated in Fig.
11B in that a coherence gate relative relationship display
is added. Descriptions for portions similar to those al-
ready described with reference to Fig. 11B are not re-
peated.
[0252] In Fig. 13A, dotted lines represent positions
where first tomographic images 1302, 1303, and 1304
intersect with the second tomographic image 1105. Fur-
ther, each bold line represents a coherence gate position.
The above-described display is easy to see and applica-
ble to different signal light beams with respect to a co-
herence gate relative positional relationship between to-
mographic images captured at different scanning posi-
tions. Thus, users can easily adjust the coherence gate.
[0253] Fig. 13B and Fig. 13C illustrate other display
examples that can dynamically change the coherence
gate during a B-scan image capturing operation. A sec-
ond tomographic image 1310 illustrated in Fig. 13B in-
cludes solid lines each indicating the position of the co-
herence gate of a corresponding first tomographic image.
[0254] It is usual that the coherence gate may change
during a tomographic image capturing operation. In Fig.
13B, a thin solid line indicates a variation width of the
coherence gate. A bold solid line indicates a portion con-
stantly included in the coherence gate range. Thus, the
display method illustrated in Fig. 13B can effectively dis-
play the variation width of the coherence gate and the
stationary shooting range in a case where the coherence
gate is variable during a tomographic image capturing
operation. Users can compare the different tomographic
images with respect to the coherence gate.
[0255] Further, in Fig. 13C, each thin solid line indi-
cates the variation width of the coherence gate. Further,
the display area 1101 includes dotted lines indicating A-

scan positions of the first tomographic images 1302,
1303, and 1304. Further, a dotted line representing the
coherence gate position corresponding to the dotted line
indicating the A-scan is superimposed on the display of
the coherence gate variation width. In response to a
change of the designated A-scan position, the display of
the coherence gate is variable within the width range in-
dicated by the thin solid line. Further, the display example
illustrated in Fig. 13C does not include the above-de-
scribed second tomographic image.
[0256] The display control unit 105 performs the
above-described display control. The above-described
display enables users to easily confirm the coherence
gate corresponding to each position of the tomographic
image. Further, the above-described display enables us-
ers to confirm the coherence gate positional relationship
between different tomographic images.
[0257] The display control method described in the
above-described exemplary embodiment can explicitly
indicate the relative relationship between respective sig-
nal light beams during image capturing processing. The
tomographic imaging system according to a sixth exem-
plary embodiment of the present invention can perform
display control for enabling users to easily recognize the
signal light that is currently adjusted.
[0258] A basic configuration of the image processing
apparatus 110 according to the present exemplary em-
bodiment is similar to that described in the first exemplary
embodiment with reference to Fig. 1. Therefore, the de-
scription of the image processing apparatus 110 is not
repeated. Further, a tomographic imaging apparatus ac-
cording to the present exemplary embodiment is similar
to that described in the fourth exemplary embodiment
(see Fig. 8). Therefore, the description of the tomograph-
ic imaging apparatus is not repeated.
[0259] Further, the image processing apparatus 110
performs processing similar to that described in the fourth
exemplary embodiment (see Fig. 10). Therefore, the de-
scription of the similar processing is not repeated. How-
ever, the image processing apparatus 110 according to
the present exemplary embodiment performs the follow-
ing processing in step S1070.
[0260] In step S1070, the display control unit 105 per-
forms display control for the three first tomographic im-
ages, the three second tomographic images, and the
composite second tomographic image, which have been
formed in step S1060.
[0261] In the display control for the above-described
tomographic images, the display control unit 105 per-
forms at least one of the following display controls to in-
dicate the signal light whose shooting parameters are
currently adjusted.

(a) The display control unit 105 enlarges the first to-
mographic image corresponding to the signal light
to be adjusted.
(b) The display control unit 105 locates the first to-
mographic image corresponding to the signal light
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to be adjusted at a position adjacent to the second
tomographic image.
(c) The display control unit 105 positions the first
tomographic image corresponding to the signal light
to be adjusted on the foreside of the display screen.
(d) The display control unit 105 changes the color or
the shape of the frame of the first tomographic image
corresponding to the signal light to be adjusted.

[0262] The display control according to the present in-
vention is not limited to the above-described example.
Any other display control capable of emphasizing the first
tomographic image corresponding to the signal light to
be adjusted is employable.
[0263] Figs. 14A to 14D illustrate display examples that
can be displayed on the display apparatus 130 by the
image processing apparatus 110 according to the
present exemplary embodiment. Fig. 14A illustrates a
first tomographic image 1402 that has been enlarged be-
cause the signal light corresponding to the first tomo-
graphic image 1402 is a target to be adjusted. Fig. 14B
illustrates a first tomographic image 1403 that is posi-
tioned adjacent to the display position of the second to-
mographic image because the signal light corresponding
to the first tomographic image 1403 is a target to be ad-
justed.
[0264] Further, Fig. 14C illustrates a first tomographic
image 1404 that is positioned on the foreside of the dis-
play screen because the signal light corresponding to the
first tomographic image 1404 is a target to be adjusted.
Fig. 14D illustrates a first tomographic image 1405 that
has an emphasized frame shape because the signal light
corresponding to the first tomographic image 1405 is a
target to be adjusted.
[0265] As described above, performing the display
control for explicitly indicating the first tomographic image
that corresponds to the signal light be adjusted enables
users to easily recognize the signal light to be adjusted.
[0266] In the above-described exemplary embodi-
ments, the image acquisition unit 101 acquires the fundus
image captured by the fundus camera together with the
OCT tomographic images. However, the fundus image
is not limited to the image captured by the fundus camera.
For example, an image captured by a scanning laser oph-
thalmoscopy (SLO) (confocal) is usable.
[0267] In the above-described exemplary embodi-
ments, an electric circuit that constitutes each functional
block in the image processing apparatus or in the optical
coherence tomographic imaging system can realize the
present invention. However, the present invention is not
limited to the above-described exemplary embodiments.
For example, the image processing apparatus can be
replaced by a system including a plurality of apparatuses
that cooperatively perform the above-described process-
ing. Further, each functional block can be replaced by a
plurality of circuits or devices that cooperatively perform
comparable processing.
[0268] Moreover, to realize the present invention, it

may be useful to provide an optical coherence tomo-
graphic imaging apparatus that has functions compara-
ble to the image processing apparatus and the display
apparatus described in the above-described exemplary
embodiments.
[0269] Further, to realize the present invention, a stor-
age medium storing software program code for realizing
the functions of the above-described exemplary embod-
iments can be supplied to a system or an apparatus. A
computer (or CPU or micro-processing unit (MPU)) pro-
vided in the system or the apparatus can execute the
program code stored in the storage medium.
[0270] Further, when the computer executes the rea-
dout program code, an operating system (OS) running
on the computer performs a part or the whole of actual
processing so as to realize the functions of the above-
described exemplary embodiments. It is also useful that
a computer includes two or more CPUs. In this case, a
plurality of CPUs can cooperatively perform processing
so as to realize the present invention.
[0271] Further, in this case, the program code itself
read out of the storage medium realizes the functions of
the above-described exemplary embodiments. The pro-
gram or the storage medium storing the program code
constitutes the present invention.
[0272] Further, the program code read out of the stor-
age medium can be written into a memory of a function
expansion card or into a memory of a function expansion
unit, which are attachable to a computer. In this case, an
arithmetic apparatus provided in the function expansion
card or the function expansion unit can execute a part or
the whole of the actual processing so as to realize the
functions of the above-described exemplary embodi-
ments. In this case, the present invention can be realized
by the functions of a circuit constituting a hardware con-
figuration and cooperation between software and hard-
ware configurations.
[0273] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments.

Claims

1. An image processing apparatus (110) capable of ac-
quiring OCT tomographic images from an OCT im-
aging apparatus (820), the OCT imaging apparatus
being configured to scan a target to be captured with
low-coherence light , the image processing appara-
tus comprising:

shooting control means (110) for controlling
shooting conditions of the OCT imaging appa-
ratus, the shooting condition including adjust-
ment of a coherence gate position;
image acquisition means (101) for respectively
acquiring, from the OCT imaging apparatus
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(820), a first, second, third and fourth OCT tom-
ographic images (1302, 1303, 1304 and 1310)
at a first, second, third and fourth cross section,
the first cross section and the second cross sec-
tion facing each other, the first cross section and
the third cross section facing each other, the
fourth cross section intersecting with the first,
second and third cross sections;
a layout determination means (107) for deter-
mining a layout of the first, second, third and
fourth OCT tomographic images such that the
first, second, third and fourth OCT tomographic
images are arranged corresponding to said ar-
rangement of the first, second, third and fourth
cross sections; and
display control means (105) for displaying, with
the information for adjusting the coherence gate
position, the first, second, third and fourth OCT
tomographic images simultaneously on a dis-
play screen (130) in the layout determined by
the layout determination means.

2. The image processing apparatus (110) according to
claim 1, wherein the image acquisition means (101)
is configured to acquire the acquired tomographic
images captured at the second and the third cross
sections that are substantially parallel to one anoth-
er.

3. The image processing apparatus (110) according to
claim 2, wherein the image acquisition means (101)
is configured to acquire a first tomographic image
(1302) that has been obtained by the OCT imaging
apparatus (820) scanning the target to be captured
in a first direction with signal light and a fourth tom-
ographic image (1310) that has been obtained by
the OCT imaging apparatus scanning the target to
be captured in a second direction perpendicular to
the first direction with the signal light, and
wherein the layout determination means is config-
ured to determine a layout of the first tomographic
image and the fourth tomographic image so that,
when displayed on the display means by the display
control means, the first tomographic image is dis-
played in such a way as to be perpendicular to the
fourth tomographic image.

4. The image processing apparatus (110) according to
any one of claims 1 to 3, wherein:

the display control means (105) is configured to
display, on the display screen (1101), the inter-
secting position on at least one of the tomo-
graphic images (1302).

5. The image processing apparatus (110) according to
any one of claims 1 to 4, wherein the target to be
captured is a retina,

wherein the image acquisition means (101) is con-
figured to acquire a fundus image from the OCT im-
aging apparatus (820),
wherein the display control means (105) is config-
ured to display the acquired fundus image (1106)
and the tomographic images simultaneously, and
wherein the display control means (105) is further
configured to display, superimposed on the fundus
image on the display screen (1101), main scanning
line positions representing the respective positions
of the acquired tomographic images.

6. The image processing apparatus (110) according to
claim 5, wherein:

the display control means (105) is configured to
determine, based on the received main scan-
ning line positions, where on the fundus image
the main scanning lines of the tomographic im-
ages are positioned; and
the layout determination means (107) is config-
ured to determine a layout of the fundus image
(1106) and the tomographic images (1302,
1303, 1304, 1310) in such a way as to display
main scanning lines displayed on the fundus im-
age in a direction parallel to main scanning lines
of the corresponding displayed tomographic im-
ages.

7. The image processing apparatus (110) according to
any one of claims 1 to 6, wherein the display control
means (105) is configured to display, on the display
screen, an intersecting position on at least one of
the tomographic images at a position at which it in-
tersects with another of the tomographic images.

8. The image processing apparatus (110) according to
claim 1, wherein:

the layout determination means is further con-
figured to adjust the first, second, and third OCT
tomographic images such that one (1402) of the
first, second, and third OCT tomographic imag-
es is enlarged compared to display sizes of the
other OCT tomographic images; and wherein
the display control means (105) is configured to
display, on a display screen (1201; 1401), the
first, second, and third OCT tomographic imag-
es in the arrangement sequence and relative
display sizes determined by the layout determi-
nation means.

9. The image processing apparatus (110) according to
claim 8, wherein the image acquisition means (101)
is configured to acquire OCT tomographic images
captured at the first (1402), second (1403), and third
(1404) cross sections that are substantially parallel
to one another.
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10. A method for controlling an apparatus capable of dis-
playing OCT tomographic images from an OCT im-
aging apparatus configured to scan a target to be
captured with low-coherence light, the method com-
prising the steps of:

controlling shooting conditions of the OCT im-
aging apparatus, the shooting conditions includ-
ing adjustment of a coherence gate position;
acquiring (S1050), from the OCT imaging appa-
ratus (820) a first, second, third and fourth OCT
tomographic images at first, second, third and
fourth cross sections, the first cross section and
the second cross section facing each other, the
first cross section and the third cross section fac-
ing each other, the fourth cross section inter-
secting with the first, second and third cross sec-
tions;
determining (S1070) a layout of the first, second,
third and fourth OCT tomographic images such
that the first, second, third and fourth OCT tom-
ographic images are arranged corresponding to
said arrangement of the first, second, third and
fourth cross sections; and
displaying (S1070), with the information for ad-
justing the coherence gate position, the first,
second, third and fourth OCT tomographic im-
ages simultaneously on a display screen in the
layout determined in the determining step.

11. A method according to claim 10, further comprising:

adjusting the first, second, and third OCT tom-
ographic images such that one of the first, sec-
ond, and third OCT tomographic images is en-
larged compared to display sizes of the other
OCT tomographic images; and
displaying (S1070), on said display screen, the
first, second, and third OCT tomographic imag-
es in the determined display sizes.

12. A program including instructions for causing a com-
puter to execute processing according to the method
of claim 10 or 11.

Patentansprüche

1. Bildverarbeitungsvorrichtung (110), die in der Lage
ist, OCT-Tomografiebilder aus einer OCT-Bildge-
bungsvorrichtung (820) zu erfassen, wobei die OCT-
Bildgebungsvorrichtung konfiguriert ist zum Scan-
nen eines aufzunehmenden Ziels mit einem Licht
niedriger Kohärenz, wobei die Bildverarbeitungsvor-
richtung umfasst:

eine Aufnahmesteuereinrichtung (110) zum
Steuern von Aufnahmebedingungen der OCT-

Bildgebungsvorrichtung, wobei die Aufnahme-
bedingung eine Anpassung einer Kohärenz-
Gate-Position enthält;
eine Bilderfassungseinrichtung (101) zum je-
weiligen Erfassen eines ersten, zweiten, dritten
und vierten OCT-Tomografiebilds (1302, 1303,
1304 und 1310) von der OCT-Bildgebungsvor-
richtung (820) an einem ersten, zweiten, dritten
und vierten Querschnitt, wobei sich der erste
und der zweite Querschnitt gegenüberliegen,
sich der erste und der dritte Querschnitt gegen-
überliegen und sich der vierte Querschnitt mit
dem ersten, zweiten und dritten Querschnitt
schneidet;
eine Layoutbestimmungseinrichtung (107) zum
Bestimmen eines Layouts des ersten, zweiten,
dritten und vierten OCT-Tomografiebilds, so
dass das erste, zweite, dritte und vierte OCT-
Tomografiebild entsprechend der Anordnung
des ersten, zweiten, dritten und vierten Quer-
schnitts angeordnet sind; und
eine Anzeigesteuereinrichtung (105) zum
gleichzeitigen Anzeigen des ersten, zweiten,
dritten und vierten OCT-Tomografiebilds auf ei-
nem Anzeigebildschirm (130) im durch die Lay-
outbestimmungseinrichtung bestimmten Lay-
out zusammen mit der Information zum Anpas-
sen der Kohärenz-Gate-Position.

2. Bildverarbeitungsvorrichtung (110) nach Anspruch
1, wobei die Bilderfassungseinrichtung (101) konfi-
guriert ist zum Erfassen der erfassten am zweiten
und dritten Querschnitt, die im Wesentlichen parallel
zueinander sind, aufgenommenen Tomografiebil-
der.

3. Bildverarbeitungsvorrichtung (110) nach Anspruch
2, wobei die Bilderfassungseinrichtung (101) konfi-
guriert ist zum Erfassen eines ersten Tomografie-
bilds (1302), das durch die OCT-Bildgebungsvor-
richtung (820) durch Scannen des aufzunehmenden
Ziel mit Signallicht in einer ersten Richtung erhalten
worden ist, sowie eines vierten Tomografiebilds
(1310), das durch die OCT-Bildgebungsvorrichtung
durch Scannen des aufzunehmenden Ziel mit Sig-
nallicht in einer zweiten, zur ersten Richtung senk-
rechten Richtung erhalten worden ist, und

wobei die Layoutbestimmtungseinrichtung kon-
figuriert ist zum Bestimmen eines Layouts des
ersten Tomografiebilds und des vierten Tomo-
grafiebilds derart, dass bei Anzeige auf der An-
zeigeeinrichtung durch die Anzeigesteuerein-
richtung das erste Tomografiebild als senkrecht
zum vierten Tomografiebild angezeigt wird.

4. Bildverarbeitungsvorrichtung (110) nach einem der
Ansprüche 1 bis 3, wobei:
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die Anzeigesteuereinrichtung (105) konfiguriert
ist zum Anzeigen der Schnittpositionen auf min-
destens einem der Tomografiebilder (1302) auf
dem Anzeigebildschirm (1101).

5. Bildverarbeitungsvorrichtung (110) nach einem der
Ansprüche 1 bis 4, wobei das aufzunehmende Ziel
eine Retina ist,

wobei die Bilderfassungseinrichtung (101) kon-
figuriert ist zum Erfassen eines Fundusbilds aus
der OCT-Bildgebungsvorrichtung (820),
wobei die Anzeigesteuereinrichtung (105) kon-
figuriert ist zum gleichzeitigen Anzeigen des er-
fassten Fundusbilds (1106) und der Tomogra-
fiebilder, und
wobei die Anzeigesteuereinrichtung (105) fer-
ner konfiguriert ist zum Anzeigen von Haupts-
canzeilenpositionen, die die jeweiligen Positio-
nen der erfassten Tomografiebilder darstellen,
und zwar überlagert auf den Fundusbildern auf
dem Anzeigebildschirm (1101).

6. Bildverarbeitungsvorrichtung (110) nach Anspruch
5, wobei:

die Anzeigesteuereinrichtung (105) konfiguriert
ist zum Bestimmen, an welcher Stelle die
Hauptscanzeilen der Tomografiebilder auf dem
Fundusbild positioniert sind basierend auf den
empfangenen Hauptscanzeilenpositionen; und
die Layoutbestimmungseinrichtung (107) konfi-
guriert ist zum Bestimmen eines Layouts des
Fundusbilds (1106) und der Tomografiebilder
(1302, 1303, 1304, 1310), so dass die auf dem
Fundusbild angezeigten Hauptscanzeilen in ei-
ner zu den Hauptscanzeilen der entsprechen-
den angezeigten Tomografiebilder parallelen
Richtung angezeigt werden.

7. Bildverarbeitungsvorrichtung (110) nach einem der
Ansprüche 1 bis 6, wobei die Anzeigesteuereinrich-
tung (105) konfiguriert ist zum Anzeigen einer
Schnittposition von mindestens einem der Tomogra-
fiebilder an einer Stelle, an der es sich mit einem der
anderen Tomografiebilder schneidet, auf dem An-
zeigebildschirm.

8. Bildverarbeitungsvorrichtung (110) nach Anspruch
1, wobei:

die Layoutbestimmungseinrichtung ferner kon-
figuriert ist zum Anpassen des ersten, zweiten
und dritten OCT-Tomografiebilds, so dass das
erste, zweite oder dritte OCT-Tomografiebild
(1402) verglichen mit den Anzeigegrößen der
anderen OCT-Tomografiebilder vergrößert ist;
und wobei

die Anzeigesteuereinrichtung (105) konfiguriert
ist zum Anzeigen des ersten, zweiten und dritten
OCT-Tomografiebilds auf einem Anzeigebild-
schirm (1201; 1401) in der durch die Layoutbe-
stimmungseinrichtung bestimmten Anord-
nungsfolge und relativen Anzeigegrößen.

9. Bildverarbeitungsvorrichtung (110) nach Anspruch
8, wobei die Bilderfassungseinrichtung (101) konfi-
guriert ist zum Erfassen von am ersten (1402), zwei-
ten (1403) und dritten (1404) Querschnitt, die im We-
sentlichen parallel zueinander sind, aufgenomme-
nen OCT-Tomografiebildern.

10. Verfahren zum Steuern einer Vorrichtung, die in der
Lage ist, OCT-Tomografiebilder aus einer OCT-Bild-
gebungsvorrichtung, die konfiguriert ist zum Scan-
nen eines aufzunehmenden Ziels mit einem Licht
niedriger Kohärenz, anzuzeigen, wobei das Verfah-
ren die folgenden Schritte umfasst:

Steuern von Aufnahmebedingungen der OCT-
Bildgebungsvorrichtung, wobei die Aufnahme-
bedingungen eine Anpassung von Kohärenz-
Gate-Positionen enthalten;
Erfassen (S1050) aus der OCT-Bildgebungs-
vorrichtung (820) eines ersten, zweiten, dritten
und vierten OCT-Tomografiebilds an einem ers-
ten, zweiten, dritten und vierten Querschnitt, wo-
bei sich der erste und der zweite Querschnitt
gegenüberliegen, der erste und der dritte Quer-
schnitt sich gegenüberliegen und der vierte
Querschnitt sich mit dem ersten, zweiten und
dritten Querschnitt schneidet;
Bestimmen (S1070) eines Layouts des ersten,
zweiten, dritten und vierten OCT-Tomografie-
bilds, so dass das erste, zweite, dritte und vierte
OCT-Tomografiebild entsprechend der Anord-
nung des ersten, zweiten, dritten und vierten
Querschnitts angeordnet sind; und
gleichzeitiges Anzeigen (S1070) des ersten,
zweiten, dritten und vierten OCT-Tomografie-
bilds auf einem Anzeigebildschirm im im Bestim-
mungsschritt bestimmten Layout zusammen mit
der Information zum Anpassen der Kohärenz-
Gate-Position.

11. Verfahren nach Anspruch 10, ferner umfassend:

Anpassen des ersten, zweiten und dritten OCT-
Tomografiebilds, so dass das erste, zweite oder
dritte OCT-Tomografiebild verglichen mit Anzei-
gegrößen der anderen OCT-Tomografiebilder
vergrößert ist; und
Anzeigen (S1070) des ersten, zweiten und drit-
ten OCT-Tomografiebilds in den bestimmten
Anzeigegrößen auf dem Anzeigebildschirm.
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12. Programm mit Anweisungen zum Veranlassen, dass
ein Computer eine Verarbeitung gemäß dem Ver-
fahren nach Anspruch 10 oder 11 ausführt.

Revendications

1. Appareil de traitement d’images (110) capable d’ac-
quérir des images tomographiques OCT provenant
d’un appareil d’imagerie OCT (820), l’appareil d’ima-
gerie OCT étant configuré pour balayer une cible
devant être capturée au moyen d’une lumière de fai-
ble cohérence, l’appareil de traitement d’images
comprenant :

un moyen de commande de prise de vue (110)
destiné à commander les conditions de prise de
vue de l’appareil d’imagerie OCT, les conditions
de prise de vue comprenant l’ajustement d’une
position d’une porte de cohérence ;
un moyen d’acquisition d’images (101) destiné
à acquérir respectivement, en provenance de
l’appareil d’imagerie OCT (820), des première,
deuxième, troisième et quatrième images tomo-
graphiques OCT (1302, 1303, 1304 et 1310) au
niveau de première, deuxième, troisième et qua-
trième sections transversales, la première sec-
tion transversale et la deuxième section trans-
versale étant tournées l’une vers l’autre, la pre-
mière section transversale et la troisième sec-
tion transversale étant tournées l’une vers
l’autre, la quatrième section transversale for-
mant une intersection avec les première,
deuxième et troisième sections transversales ;
un moyen de détermination d’agencement (107)
destiné à déterminer un agencement des pre-
mière, deuxième, troisième et quatrième images
tomographiques OCT de façon que les premiè-
re, deuxième et quatrième images tomographi-
ques OCT soient agencées en correspondance
avec ledit agencement des première, deuxième,
troisième et quatrième sections transversales ;
et
un moyen de commande d’affichage (105) des-
tiné à afficher simultanément, avec les informa-
tions concernant l’ajustement de la position de
la porte de cohérence, les première, deuxième,
troisième et quatrième images tomographiques
OCT sur un écran d’affichage (130) dans l’agen-
cement déterminé par le moyen de détermina-
tion d’agencement.

2. Appareil de traitement d’images (110) selon la re-
vendication 1, dans lequel le moyen d’acquisition
d’images (101) est configuré pour acquérir les ima-
ges tomographiques acquises capturées au niveau
des deuxième et troisième sections transversales
qui sont sensiblement parallèles l’une à l’autre.

3. Appareil de traitement d’images (110) selon la re-
vendication 2, dans lequel le moyen d’acquisition
d’images (101) est configuré pour acquérir une pre-
mière image tomographique (1302) ayant été obte-
nue par l’appareil d’imagerie OCT (820) en balayant
la cible devant être capturée dans une première di-
rection au moyen d’une lumière de signal et une qua-
trième image topographique (1310) ayant été obte-
nue par l’appareil d’imagerie OCT en balayant la ci-
ble devant être capturée dans une deuxième direc-
tion perpendiculaire à la première direction au
moyen de la lumière de signal, et
dans lequel le moyen de détermination d’agence-
ment est configuré pour déterminer un agencement
de la première image tomographique et de la qua-
trième tomographique de façon que, lors de l’afficha-
ge sur le moyen d’affichage par le moyen de com-
mande d’affichage, la première image tomographi-
que soit affichée de manière à ce qu’elle soit per-
pendiculaire à la quatrième image tomographique.

4. Appareil de traitement d’images (110) selon l’une
quelconque des revendications 1 à 3, dans lequel :

le moyen de commande d’affichage (105) est
configuré pour afficher, sur l’écran d’affichage
(1101), la position d’intersection sur au moins
l’une des images tomographiques (1302).

5. Appareil de traitement d’images (110) selon l’une
quelconque des revendications 1 à 4, dans lequel la
cible devant être capturée est une rétine,
dans lequel le moyen d’acquisition d’images (101)
est configuré pour acquérir une image de fond de
l’oeil en provenance de l’appareil d’imagerie OCT
(820),
dans lequel le moyen de commande d’affichage
(105) est configuré pour afficher simultanément
l’image de fond de l’oeil acquise (1106) et les images
tomographiques, et
dans lequel le moyen de commande d’affichage
(105) est en outre configuré pour afficher, de façon
superposée à l’image de fond de l’oeil sur l’écran
d’affichage (1101), des positions de lignes de ba-
layage principales représentant les positions res-
pectives des images tomographiques acquises.

6. Appareil de traitement d’images (110) selon la re-
vendication 5, dans lequel :

le moyen de commande d’affichage (105) est
configuré pour déterminer, sur la base des po-
sitions des lignes de balayage principales re-
çues, l’endroit, sur l’image de fond de l’oeil, où
les lignes de balayage principales des images
tomographiques sont positionnées ; et
le moyen de détermination d’agencement (107)
est configuré pour déterminer un agencement
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de l’image de fond de l’oeil (1106) et des images
tomographiques (1302, 1303, 1304, 1310) de
façon à afficher des lignes de balayage princi-
pales affichées sur l’image de fond de l’oeil dans
une direction parallèle aux lignes de balayage
principales des images tomographiques affi-
chées correspondantes.

7. Appareil de traitement d’images (110) selon l’une
quelconque des revendications 1 à 6, dans lequel le
moyen de commande d’affichage (105) est configuré
pour afficher, sur l’écran d’affichage, une position
d’intersection sur au moins l’une des images tomo-
graphiques à une position à laquelle celle-ci forme
une intersection avec une autre des images tomo-
graphiques.

8. Appareil de traitement d’images (110) selon la re-
vendication 1, dans lequel :

le moyen de détermination d’agencement est en
outre configuré pour ajuster les première,
deuxième et troisième images tomographiques
OCT de façon que l’une (1402) des première,
deuxième et troisième images tomographiques
OCT soit agrandie par comparaison aux tailles
d’affichage des autres images tomographiques
OCT ; et dans lequel
le moyen de commande d’affichage (105) est
configuré pour afficher, sur un écran d’affichage
(1201 ; 1401), les première, deuxième et troisiè-
me images tomographiques OCT selon la sé-
quence d’agencement et avec des tailles d’affi-
chage relatives déterminées par le moyen de
détermination d’agencement.

9. Appareil de traitement d’images (110) selon la re-
vendication 8, dans lequel le moyen d’acquisition
d’images (101) est configuré pour acquérir des ima-
ges tomographiques OCT capturées au niveau des
première (1402), deuxième (1403) et troisième
(1404) sections transversales qui sont sensiblement
parallèles les unes aux autres.

10. Procédé de commande d’un appareil capable d’af-
ficher des images tomographiques OCT provenant
d’un appareil d’imagerie OCT configuré pour balayer
une cible devant être capturée au moyen d’une lu-
mière de faible cohérence, le procédé comprenant
les étapes consistant à :

commander les conditions de prise de vue de
l’appareil d’imagerie OCT, les conditions de pri-
se de vue comprenant l’ajustement d’une posi-
tion d’une porte de cohérence ;
acquérir (S1050), en provenance de l’appareil
d’imagerie OCT (820), des première, deuxième,
troisième et quatrième images tomographiques

OCT au niveau de première, deuxième, troisiè-
me et quatrième sections transversales, la pre-
mière section transversale et la deuxième sec-
tion transversale étant tournées l’une vers
l’autre, la première section transversale et la troi-
sième section transversale étant tournées l’une
vers l’autre, la quatrième section transversale
formant une intersection avec les première,
deuxième et troisième sections transversales ;
déterminer (S1070) un agencement des premiè-
re, deuxième, troisième et quatrième images to-
mographiques OCT de façon que les première,
deuxième, troisième et quatrième images tomo-
graphiques OCT soient agencées en correspon-
dance avec ledit agencement des première,
deuxième, troisième et quatrième sections
transversales ; et
afficher (S1070) simultanément, avec les infor-
mations concernant l’ajustement de la position
de la porte de cohérence, les première, deuxiè-
me, troisième et quatrième images tomographi-
ques OCT sur un écran d’affichage dans l’agen-
cement déterminé lors de l’étape de détermina-
tion.

11. Procédé selon la revendication 10, consistant en
outre à :

ajuster les première, deuxième et troisièmes
images tomographiques OCT de façon que
l’une des première, deuxième et troisième ima-
ges tomographiques OCT soit agrandie par
comparaison aux tailles d’affichage des autres
images tomographiques OCT ; et
afficher (S1070), sur ledit écran d’affichage, les
première, deuxième et troisième images tomo-
graphiques OCT selon les tailles d’affichage dé-
terminées.

12. Programme comportant des instructions destinées
à amener un ordinateur à exécuter un traitement
conformément au procédé selon la revendication 10
ou 11.
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