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DESCRIPTION

[Technical Field]

[0001] The present invention generally relates to the field of ophthalmic devices and, more
particularly, to ophthalmic devices having an illumination module for scanning light across a
region of the retina of a subject's eye.

[Background]

[0002] Some ophthalmic devices for imaging the retina of an eye or treating the eye with light
of appropriate wavelength and intensity employ wide field-of-view (FOV) optics that allow
almost any portion of the retina to be illuminated or imaged, without needing to enlarge the
pupil or alter the patient's gaze direction. Such wide FOV optics may enable the patient to
adopt a more comfortable and natural central gaze that is easy to maintain, thereby reducing
or avoiding problems case by gaze fixation errors. An example of such ophthalmic device is
described in US Patent No. US 5,815,242,

[0003] Further background is provided in the following documents.

[0004] US 2014/300864 A1 discloses an ophthalmologic apparatus which includes an
acquiring part, a first optical system, a forming part and a controller. The acquiring part
acquires a first front image of an eye fundus. The first optical system scans the fundus by
signal light and detects interference light of returned light of the signal light and reference light.
The forming part repeatedly forms a second front image of the fundus and a cross sectional
image showing a cross section perpendicular to the second front image based on the detection
results repeatedly obtained by the first optical system. The controller displays the first front
image on a display means, displays, as a moving image, the second front images repeatedly
formed by the forming part over the first front image, and displays, as a moving image, the
cross-sectional images repeatedly formed by the forming part.

[0005] EP 3 150 109 A1 discloses a fundus imaging device which includes a scanning optical
system having optical scanners which change the travelling direction of light from light sources
so as to scan a fundus with the light; and an objective optical system that is disposed between
the optical scanners and a subject's eye, and guides light from the optical scanners to the
fundus. The fundus imaging device forms an image of the fundus based on fundus reflected
light. The objective optical system includes a first mirror that reflects light from the optical
scanners, and thus forms a first pivot point around which light turns in correspondence with the
operation of the optical scanners, and a second mirror that further reflects light reflected by the
first mirror, and thus forms a second pivot point around which light emitted to the subject's eye
turns. The swing angle of light incident to the first mirror is smaller compared to the swing
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angle of light with respect to the second pivot point.

[0006] JP 2017 124204 A discloses a measurement optical system of an ophthalmological
observation device which divides light from a light source into signal light and reference light,
generates and detects interference light between the signal light and the reference light via an
eye to be examined. An image formation unit forms an image on the basis of the detection
result of the interference light by the measurement optical system. Drive units move the
measurement optical system. An analysis unit obtains the three-dimensional position of the eye
to be examined. A control unit changes the optical path length of the signal light and/or
reference light on the basis of the movement content when the measurement optical system is
moved in the optical axis direction by the drive units. The control unit moves the measurement
optical system by controlling the drive units on the basis of the three-dimensional position
obtained by the analysis unit and changes the optical path length by an optical distance
substantially equal to the movement distance in the optical axis direction.

[Summary]

[0007] With a smaller pupil size, however, the optical scanning beam passing through the pupil
is more prone to being 'clipped’ by the edge of the pupil as the pupil moves relative to the focal
point of the ophthalmic device owing to involuntary movements of the patent's eye that occur
during the scan. In addition, small variations in the patient's gaze direction can make it difficult
to maintain the scan location of the ophthalmic device on the retina at a target location. Thus,
both the pupil position and gaze direction need to be more precisely held or their changes
effectively compensated for in order to achieve a successful scan, particularly in cases where
the scan takes a long time to complete, such an optical coherence tomography (OCT) scan.

[0008] With these points in mind, the inventors have devised a method of operating an
ophthalmic device having an illumination module arranged to scan light across a region of the
retina of a subject's eye to illuminate said region. The method comprises aligning the pupil of
the eye with a focal point of the illumination module and, following the alignment of the pupil
with the focal point, monitoring a position of the pupil relative to the focal point and maintaining
the alignment of the pupil with the focal point based on the monitored position. The method
further comprises performing, while the alignment of the pupil with the focal point is being
maintained based on the monitored position, processes of. aligning a scan location of the
illumination module on the retina to a target scan location; and maintaining the scan location at
the target scan location, by: acquiring retinal feature information from a monitored portion of
the retina; processing the acquired retinal feature information to generate scan location
correction information; and maintaining the scan location at the target scan location using the
generated scan location correction information. The method further comprises performing a
scan at the target scan location to illuminate a region of the retina at the target scan location
while the scan location is being maintained at the target scan location using the generated
scan location correction information.
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[0009] The inventors have further devised an ophthalmic device comprising an illumination
module arranged to scan light across a region of the retina of a subject's eye to illuminate said
region when the pupil of the eye is disposed at a focal point of the illumination module. The
illumination module comprises: a reflecting face arranged to reflect light emitted by an emission
section and to scan the light in a specific direction by changing orientation; and a concave
mirror face arranged to reflect the light that has been reflected by the reflecting face onto the
retina of the subject's eye when the subject's eye is placed at a focal point of the concave
mirror during use of the ophthalmic device. The ophthalmic device further comprises a pupil
alignment module arranged to align the pupil of the eye with the focal point, and a pupil
alignment maintenance module arranged to, following the alignment of the pupil with the focal
point by the pupil alignment module, monitor a position of the pupil relative to the focal point
and maintain the alignment of the pupil with the focal point based on the monitored position.
The ophthalmic device further comprises a retina scan location alignment module arranged to
align a scan location of the illumination module on the retina to a target scan location while the
alignment of the pupil with the focal point is being maintained by the pupil alignment
maintenance module, wherein the illumination module is arranged to perform a scan at the
target scan location to illuminate a region of the retina at the target scan location. The
ophthalmic device further comprises a retina scan location maintenance module arranged to
maintain the scan location at the target scan location by performing, while the alignment of the
pupil with the focal point is being maintained by the pupil alignment maintenance module,
processes of: acquiring retinal feature information from a monitored portion of the retina;
processing the acquired retinal feature information to generate scan location correction
information; and maintaining the scan location at the target scan location using the generated
scan location correction information.

[Brief Description of the Drawings]

[0010] Embodiments of the invention will now be explained in detail, by way of example only,
with reference to the accompanying figures, in which:

Figs. 1 is a schematic illustration of an ophthalmic device according to a first embodiment of
the present invention;

Fig. 2 is a flow diagram illustrating a method of operating the ophthalmic device of the first
embodiment;

Fig. 3 is a schematic illustration of an ophthalmic device according to a second embodiment of
the present invention;

Fig. 4 is a block diagram illustrating an implementation of the ophthalmic device illustrated in
Fig. 3, in the exemplary form of a combined SLO-OCT scanner;

Fig. 5 is schematic perspective view illustrating an example configuration of the optical system
in the second embodiment that guides light emitted from respective light sources to the
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subject's eye;

Fig. 6 is a block diagram illustrating an example of hardware configuration of the controller
included in an ophthalmic device according to an embodiment;

Fig. 7 is a flow diagram illustrating a method of operating the ophthalmic device of the second
embodiment;

Fig. 8 is a schematic of a reference retinal image acquired by the first retinal image acquisition
module of the second embodiment;

Fig. 9 is a flowchart illustrating an example of pupil position determination processing;
Fig. 10 is a diagram illustrating an example of a binarized image;
Fig. 11 is a diagram illustrating an example of a determination-use image;

Fig. 12 is a diagram illustrating an example of a determination region in a determination-use
image;

Fig. 13 is a diagram illustrating an example of a determination region in a determination-use
image;

Fig. 14 is a diagram illustrating an example of a determination region in a determination-use
image;

Fig. 15 is a schematic of a look-up table used by the controller to determine scan angles for
the H-galvanometer mirror and V-galvanometer mirror of the ophthalmic device based on
positions in the reference retinal image;

Fig. 16 is a schematic illustration of the optical system of the ophthalmic device of the second
embodiment;

Fig. 17 is a schematic illustration of the optical system of the ophthalmic device of a first variant
of the second embodiment; and

Fig. 18 is a schematic illustration of the optical system of the ophthalmic device of a second
variant of the second embodiment.

[Detailed Description of Embodiments]

[0011] Embodiments of the present invention will now be described in detail with reference to
the accompanying drawings.

[Embodiment 1]
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[0012] Figure 1 is a schematic illustration of an ophthalmic device 10-1 according to a first
embodiment of the invention, which comprises an illumination module 1-1 that is operable to
scan light across a region of the retina of a subject's eye (not shown in Fig. 1) to illuminate said
region when the pupil of the eye is placed at a focal point of the illumination module 1-1. The
illumination module 1-1 comprises a reflecting face arranged to reflect scanning light emitted
by an emission section and to scan the scanning light in a specific direction by changing
orientation, and a concave mirror face arranged to reflect the scanning light that has been
reflected by the reflecting face onto the retina of the subject's eye when the subject’'s eye is
placed at a focal point of the concave mirror during use of the ophthalmic device 10-1. The
scanning light from the emission section, which travels via the reflecting face and the concave
mirror face, pivots about focal point as the scan is being performed. The emission section may
comprise a laser configured to emit a light beam whose characteristics (such as wavelength
and intensity) are suitable for treating the retina, for example. Exemplary configurations of the
illumination module 1-1 are described in more detail below.

[0013] The ophthalmic device 10-1 further comprises a pupil alignment module 2, a pupil
alignment maintenance module 3-1, a retina scan location alignment module 4-1, and a retina
scan location maintenance module 5-1, the details of which are also described in more detail
below.

[0014] The ophthalmic device 10-1 may, as in the present embodiment, further comprise a
target display module 6, which is arranged to display to the subject a fixation target for setting
the gaze direction of the subject's eye, preferably in a central gaze direction such that the
subject looks 'straight ahead', in order to reduce or avoid eye strain, and avoid fixation errors
and involuntary eye movements that typically occur when eye-steering is employed and the
subject is consequently required to adopt a non-central gaze direction.

[0015] The target display module 6 may be operable in a static fixation mode to display the
fixation target using a patient alignment module (PAM) or the like, and in a dynamic fixation
mode to display the fixation target emitted from one or more fixation target light sources via the
concave mirror face while a scan of the retina is being performed. The target display module 6
may thus display the fixation target to the subject throughout the sequence of operations that is
performed by the pupil alignment module 2, the pupil alignment maintenance module 3-1, the
retina scan location alignment module 4-1 and the retina scan location maintenance module 5-
1 described herein, in order to fix the subject's gaze and keep it fixed, preferably in the central
gaze direction.

[0016] Exemplary arrangements of one or more fixation target light sources and optionally
other components in an ophthalmic device, as well as control arrangements for controlling their
operation, which can together provide the functionality of the target display module 6 (when it
operates in the dynamic fixation mode) in displaying a fixation target to the subject during the
performance of a retinal scan, are described in the applicant's co-pending application titled
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"Ophthalmic Device", which was filed on the same date as the present application with agent
reference number 198 409, the contents of which are incorporated herein by reference in their
entirety. In brief, the ophthalmic device described in that application comprises at least one
light source arranged to emit a fixation target light, as well as a reflecting face and a concave
mirror face as set out above, and is arranged such that, when the subject's eye is placed at the
focal point of the concave mirror during use of the ophthalmic device and when the light source
emits the fixation target light, the fixation target light and the scanning light are simultaneously
incident on the ocular fundus of the subject's eye via different optical paths both propagating
via the concave mirror face and the focal point, the target fixation light following a
predetermined optical path for fixing the gaze of the subject's eye. Several embodiments of
such an ophthalmic device are summarised on pages 1-5 and subsequently described in more
detail with reference to the drawings in the applicant's co-pending application titled "Ophthalmic
Device", which was filed on the same date as the present application with agent reference
number 198 409. At least some of the features of one or more of these embodiments may be
claimed in the present application.

[0017] In the following, an overview of the functionality of the pupil alignment module 2, the
pupil alignment maintenance module 3-1, the retina scan location alignment module 4-1, and
the retina scan location maintenance module 5-1 is provided, followed by a more detailed
description of another exemplary implementation of the ophthalmic device and its operation
according to a second embodiment.

[0018] The pupil alignment module 2 is arranged to align the pupil of the eye with the focal
point of the illumination module 1-1 (specifically, a focal point of the concave mirror face of the
illumination module 1-1). The pupil alignment module 2 may, as in the present embodiment, be
arranged to align the pupil of the eye with the focal point by monitoring the position of the pupil
relative to the focal point and, based on the monitored position, automatically adjusting the
focal point of the illumination module 1-1 so as to bring the focal point into alignment with the
pupil. The focal point may be adjusted by controling a stepper motor or other moving
mechanism to move the illumination module 1-1 relative to the eye, and additionally or
alternatively changing the configuration of optical components within the illumination module 1-
1 using techniques known to those skilled in the art in order to adjust the focal point so as to
bring it into alignment with the pupil of the eye.

[0019] The pupil alignment module 2 may alternatively be arranged to align the pupil of the
eye with the focal point by monitoring the position of the pupil relative to the focal point and
generating, based on the monitored position, signals (for example, visual signals, audio signals
and/or tactile feedback signals e.g. in the form of a vibrating grip, footplate or other device that
is in contact with the subject) to guide the subject in moving their eye so that the pupil of the
eye is brought into alignment with the focal point. The pupil alignment module 2 may
additionally or alternatively generate, based on the monitored position, signals of the
aforementioned kind(s) to guide an ophthalmologist or the like who is overseeing the operation
of the ophthalmic device 10-1 to control the focal point of the illumination module 1-1, via any
appropriate user interface (e.g. keyboard and mouse) connected to the illumination module 2,
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so as to bring the focal point of the illumination module 1-1 into alignment with the pupil.

[0020] The pupil alignment maintenance module 3-1 is arranged to, following the alignment of
the pupil with the focal point by the pupil alignment module 2, monitor the position of the pupil
relative to the focal point of the illumination module 1-1 and maintain the alignment of the pupil
with the focal point based on the monitored position. The pupil alignment maintenance module
3-1 may, as in the present embodiment, be arranged to maintain the alignment of the pupil with
the focal point by monitoring the position of the pupil relative to the focal point and, based on
the monitored position, automatically adjusting the focal point of the illumination module 1-1 so
as to maintain the alignment. The focal point may be adjusted by moving the illumination
module 2 relative to the eye, and additionally or alternatively changing the configuration of
optical components within the illumination module 1-1, as noted above.

[0021] The pupil alignment maintenance module 3-1 may alternatively be arranged to maintain
the alignment of the pupil with the focal point by monitoring the position of the pupil relative to
the focal point and generating, based on the monitored position, signal(s) of the kind(s)
mentioned above to guide the subject in moving their eye so that the pupil of the eye is kept in
alignment with the focal point. The pupil alignment module 2 may additionally or alternatively
generate, based on the monitored position, signal(s) of the aforementioned kind(s) to guide an
ophthalmologist or the like who is overseeing the operation of the ophthalmic device 10-1 to
control the focal point of the illumination module 1-1 so as to keep the focal point of the
illumination module 1-1 in alignment with the pupil.

[0022] The retina scan location alignment module 4-1 is arranged to align a scan location of
the illumination module 1-1 on the retina to a target scan location while the alignment of the
pupil with the focal point of the illumination module 1-1 is being maintained by the pupil
alignment maintenance module 3-1. The illumination module 1-1 is arranged to subsequently
perform a scan at the target scan location to illuminate a region of the retina at the target scan
location.

[0023] The retina scan location alignment module 4-1 may, as in the present embodiment,
align the scan location of the illumination module 1-1 on the retina to the target scan location
by determining an offset indicator that is indicative of an offset between a designated scan
location on the retina and an initial scan location of a scan performed by the illumination
module 1-1. The offset indicator may be determined in any suitable or desirable way, and an
exemplary method of determining the offset indicator is described below. The retina scan
location alignment module 4-1 may then control the illumination module 1-1, based on the
determined offset indicator, to move the scan location of the illumination module 1-1 from the
initial scan location to a destination scan location that is closer to the designated scan location
than is the initial scan location, the destination scan location being the target scan location.
Alternatively, in embodiments where the imaging axis (that is central to the field-of-view) of the
illumination module 1-1 cannot be rotated about the focal point, the retina scan location
alignment module 4-1 may be arranged to align the scan location of the illumination module 1-
1 on the retina to the target scan location by controlling the target display module 6, based on
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the determined offset indicator, to display the target so as to set the gaze of the subject's eye
in a gaze direction which brings the scan location of the illumination module 1-1 into alignment
with the target scan location.

[0024] The retina scan location maintenance module 5-1 is arranged to maintain the scan
location at the target scan location by performing, while the alignment of the pupil with the focal
point is being maintained by the pupil alignment maintenance module 3-1, processes of: (i)
acquiring retinal feature information from a monitored portion of the retina; (ii) processing the
acquired retinal feature information to generate scan location correction information; and (iii)
maintaining the scan location at the target scan location using the generated scan location
correction information.

[0025] The retina scan location maintenance module 5-1 may, as in the present embodiment,
be arranged to maintain the scan location at the target location by: acquiring, as the retinal
feature information, images of the monitored portion of the retina while the scan is being
performed by the illumination module 1-1; generating, as the scan location correction
information, indications of respective offsets between a designated scan location and scan
locations of the acquired images of the retina; and controlling the illumination module 1-1,
based on the scan location correction information, to maintain the scan location at the target
scan location. Alternatively, in embodiments where the imaging axis of the illumination module
1-1 cannot be rotated about the focal point, the retina scan location maintenance module 5-1
may be arranged to maintain the scan location at the target location by: acquiring, as the
retinal feature information, images of the monitored portion of the retina while the scan is being
performed by the illumination module 1-1; generating, as the scan location correction
information, indications of respective offsets between a designated scan location and scan
locations of the acquired images on the retina; and controlling the target display module 6,
based on the scan location correction information, to vary a characteristic of the displayed
target (for example, its colour) so as to maintain the gaze direction of the subject's eye and
keep the scan location at the target scan location. Exemplary implementations of the retina
scan location maintenance module 5-1 are described in more detail below.

[0026] Figure 2 is a flow chart illustrating a method of operating the ophthalmic device 10-1
shown in Fig. 1 to perform a scan at a target scan location on the retina so as to illuminate a
region of the retina at the target scan location.

[0027] In process S10, the pupil alignment module 2 aligns the pupil of the eye with the focal
point of the illumination module 1-1. During this process, the target display module 6 may, as in
the present embodiment, operate in the static fixation mode to display a fixation target for fixing
the gaze of the subject's eye 38 in a central gaze direction. In process S10, pupil alignment
may be achieved using techniques known to those skilled in the art, for example with the use of
a patient alignment module (PAM) having a stereoscopic camera that is configured to
determine the pupil position from acquired images of eye. The pupil position thus monitored by
the pupil alignment module 2 may be compared with the position of the focal point of the
illumination module 1-1 to determine a correction that is required to bring the pupil into
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alignment with the focal point. As noted above, the pupil alignment module 2 of the present
embodiment automatically adjusts the position of the focal point of the illumination module 1-1
(in the x, y and z directions) so as to bring the focal point into alignment with the pupil using the
determined correction, although it may alternatively generate, based on the correction,
signal(s) of the aforementioned kind(s) to guide the subject in moving their eye so that the
pupil of the eye is brought into alignment with the focal point. For example, the pupil alignment
module 2 may control the target display module 6 to vary a characteristic of the displayed
fixation target (e.g. its colour) in order to provide the subject with feedback regarding the
current degree of alignment of the pupil with the focal point. The pupil alignment module 2 may
additionally or alternatively generate, based on the monitored position, signal(s) of the
aforementioned kind(s) that are indicative of the required correction in order to guide an
ophthalmologist or the like who is overseeing the operation of the ophthalmic device 10-1 to
control the focal point of the illumination module 1-1 so as to bring the focal point of the
illumination module 1-1 into alignment with the pupil.

[0028] Following the alignment of the pupil with the focal point, the ophthalmic device 10-1
starts a procedure for performing a scan of a part of the retina, and the target display module 6
switches from operating in the static fixation mode to operating in the dynamic fixation mode.

[0029] In process S20, the pupil alignment maintenance module 3-1 monitors the position of
the pupil relative to the focal point and actively maintains the alignment of the pupil with the
focal point based on the monitored position. The monitored pupil position may be compared
with the position of the focal point of the illumination module 1-1 to determine a correction that
is required to maintain the alignment of the pupil with the focal point. As noted above, the pupil
alignment maintenance module 3-1 of the present embodiment uses the determined correction
to automatically adjust the position of the focal point of the illumination module 1-1 (in the x, y
and z directions) so as to maintain the alignment of the focal point with the pupil (in other
words, to use a closed-loop control system to at least partially compensate for pupil
movement), or it may alternatively generate, based on the correction, signal(s) of the above-
mentioned kind(s) to guide the subject in moving their eye so as to maintain the alignment of
the pupil with the focal point. For example, the pupil alignment maintenance module 3-1 may
control the target display module 6 to vary a characteristic of the displayed fixation target (e.g.
its colour) in order to provide the subject with feedback regarding the current degree of
alignment of the pupil with the focal point. The pupil alignment maintenance module 3-1 may
additionally or alternatively generate, based on the monitored position, signal(s) of the
aforementioned kind(s) that are indicative of the required correction; these signals (e.g. audio
and/or visual signals, which may be conveyed via any suitable user interface (Ul) known to
those skilled in the art, such as that of a conventional personal computer) may be used to
guide an ophthalmologist or the like who is overseeing the operation of the ophthalmic device
10-1 to control the focal point of the illumination module 1-1 so as to maintain the alignment of
the focal point of the illumination module 1-1 with the pupil.

[0030] In process S30, while the alignment of the pupil with the focal point is being maintained
by the pupil alignment maintenance module 3-1 on the basis of the monitored position, the
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retinal scan location alignment module 4-1 aligns a scan location of the illumination module 1-1
on the retina to a target scan location. In the present embodiment, the retinal scan location
alignment module 4-1 aligns a scan location of the illumination module 1-1 on the retina to a
target scan location by determining the aforementioned offset indicator, and controlling the
illumination module 1-1, based on the determined offset indicator, to move the scan location of
the illumination module 1-1 from the initial scan location to a destination scan location that is
closer to the designated scan location than is the initial scan location, the destination scan
location being the target scan location. Alternatively, the retinal scan location alignment module
4-1 may align a scan location of the illumination module 1-1 on the retina to a target scan
location by determining the aforementioned offset indicator, and controlling the target display
module 6, based on the determined offset indicator, to display the target so as to set the gaze
of the subject's eye in a gaze direction which brings the scan location of the illumination
module 1-1 into alignment with the target scan location. The retinal scan location alignment
module 4-1 may further control the target display module 6 to vary a characteristic of the
displayed fixation target (e.g. its colour) in order to provide the subject with feedback regarding
the current degree of alignment of the scan location of the illumination module 1-1 on the
retina to the target scan location.

[0031] The retina scan location maintenance module 5-1 then maintains the scan location at
the target scan location by performing processes S40 to S60.

[0032] In process S40, the retina scan location maintenance module 5-1 acquires retinal
feature information from a monitored portion of the retina. The retina scan location
maintenance module 5-1 may, as in the present embodiment, acquire, as the retinal feature
information, images of the monitored portion of the retina while the scan is being performed by
the illumination module 1-1.

[0033] In process S50, the retina scan location maintenance module 5-1 processes the
acquired retinal feature information to generate scan location correction information. The retina
scan location maintenance module 5-1 may, as in the present embodiment, generate, as the
scan location correction information, indications of respective offsets between a designated
scan location and scan locations of the acquired images on the retina.

[0034] In process S60, the retina scan location maintenance module 5-1 maintains the scan
location at the target scan location using the generated scan location correction information.
The retina scan location maintenance module 5-1 may, as in the present embodiment, control
the illumination module 1-1, based on the scan location correction information, to maintain the
scan location at the target scan location. The retina scan location maintenance module 5-1
may alternatively control the target display module 6, based on the scan location correction
information, to vary a characteristic of the displayed target (e.g. its colour) so as to maintain
the gaze direction of the subject's eye and keep the scan location at the target scan location.

[0035] In process S70, while the scan location is being maintained at the target scan location
by the using the generated scan location correction information, the illumination module 1-1
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performs a scan at the target scan location to illuminate a region of the retina at the target
scan location.

[0036] Through the performance of processes S10 to S70, the ophthalmic device 10-1 is able
to reliably illuminate the targeted region of the retina over a prolonged period of time, whilst
maintaining patient comfort.

[Embodiment 2]

[0037] An ophthalmic device 10-2 according to a second embodiment of the invention is
illustrated in Fig. 3, where like components are labelled by the same numerals. The ophthalmic
device 10-2 differs from ophthalmic device 10-1 by the configuration of the pupil alignment
maintenance module 3-2, the retinal scan location alignment module 4-2, and the retinal scan
location maintenance module 5-1, and by further comprising an imaging module in the
exemplary form of a first retinal image acquisition module 7, which is arranged to scan light
across a second region of the retina of the subject's eye, via the focal point, and receive light
reflected from the second region when the eye is disposed at the focal point.

[0038] In this embodiment, the illumination module takes the exemplary form of a second
retinal image acquisition module 1-2, which is configured to not only illuminate a region of the
retina but also receive and process light reflected from the illuminated region so as to acquire
an image of the region. The second retinal image acquisition module 1-2 is different from the
first retinal image acquisition module 7, and may have a retinal image acquisition time that is
longer than that of the first retinal image acquisition module 7. The second retinal image
acquisition module 1-2 may be an OCT imaging device (as described in more detail below), or
alternatively a high-density scanning laser ophthalmoscope (SLO) or a high-density confocal
SLO, for example.

[0039] The first and second retinal image acquisition modules 7 and 1-2 may, as in the
embodiment of Fig. 3, be operable in a combined imaging mode to transmit and receive light
along a common optical path so as to concurrently image substantially the same region of the
retina. The first and second retinal image acquisition modules 7 and 1-2 may, however, be
operable in the combined imaging mode to transmit and receive light along respective optical
paths having a fixed positional relationship to one another, so as to concurrently image
respective regions of the retina that are different from one another. The second retinal image
acquisition module 1-2 may thus be operable in the combined imaging mode to acquire a
retinal image of an imaging region of the retina (which is provided at a scan location of the
second retinal image acquisition module 1-2) having a predetermined positional relationship to
the concurrently imaged imaging region of the first retinal image acquisition module 7 (which is
provided at a scan location of the first retinal image acquisition module 7) for the eye under
examination, and which need not be the same in size as the concurrently imaged imaging
region of the first retinal image acquisition module 7. In other words, the respective imaging
regions on the retina concurrently imaged by the first and second retinal image acquisition
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modules 7 and 1-2 may have centers (e.g. geometric centers) that are not coincident but offset
from each other by a known amount in a known direction, which can be determined by
calibration, for example.

[0040] The ophthalmic device 10-2 may, as illustrated in the embodiment of Fig. 4, take the
exemplary form of a combined SLO and OCT scanner, comprising a device main body 12 that
includes an SLO unit 32, an OCT unit 34, and a shared optical system 36. The ophthalmic
device 10-2 also has a device main body controller 13 comprising a controller 3 which
implements the functionality of the pupil alignment module 2, the pupil alignment maintenance
module 3-2, the retina scan location alignment module 4-2, and the retina scan location
maintenance module 5-2.

[0041] The ophthalmic device 10-2 thus includes SLO imaging system functionality, which is
functionality for imaging using SLO, and OCT imaging system functionality, which is
functionality for imaging using OCT. The SLO imaging system functionality is implemented by
the device main body controller 13, the SLO unit 32, and the shared optical system 36. The
OCT imaging system functionality is implemented by the device main body controller 13, the
OCT unit 34, and the shared optical system 36. The SLO unit 32, the shared optical system 36
and the SLO image generator 18 shown in Fig. 4 together provide an example of the first
retinal image acquisition module 7 of Fig. 3, and the OCT unit 34, the shared optical system 36
and the OCT image generator 16 together provide an example of the second retinal image
acquisition module 1-2. Thus, the first and second retinal imaging modules 7 and 1-2 share
some optical components (namely, the shared optical system 36) in the present embodiment.
The first and second retinal imaging modules 7 and 1-2 may, however, alternatively be
provided as separate units that do not share any optical components.

[0042] The ophthalmic device 10-2 is operable in an SLO mode, which is an operation mode
that exercises the SLO imaging system functionality, an OCT mode, which is an operation
mode that exercises the OCT imaging system functionality, and the aforementioned combined
imaging mode that exercises both the SLO imaging system functionality and the OCT imaging
system functionality at the same time. These operation modes may be selectively set
according to user instructions or sequence control.

[0043] The SLO unit 32 may, as in the present embodiment, include an emission section 40, a
beam splitter 42, a polygon mirror 44, a photo detector section 46, and a motor 48, that are
configured to generate a two-dimensional image of the retina of a subject's eye 38.

[0044] Hereafter, in a case in which, for example, the ophthalmic device 10-2 is installed on a
horizontal surface, a direction substantially perpendicular to the horizontal surface (not
illustrated in the drawings) is denoted the "Y direction" for convenience of explanation. For
example, a direction that is substantially parallel to a horizontal surface and that is the depth
direction of the subject's eye 38 positioned in a state in which the anterior segment is facing an
eyepiece lens (not illustrated in the drawings) of the ophthalmic device 10-2, in a case in which
the ophthalmic device 10-2 is installed on the horizontal surface, is denoted the "Z direction”
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hereafter for convenience of explanation. Hereafter, a direction substantially perpendicular to
both the Y direction and the Z direction is denoted the "X direction" hereafter for convenience
of explanation.

[0045] The emission section 40 includes a light source 40A and a bandpass filter 40B. The
light source 40A is a light source for imaging using SLO, and may emit light having a
wavelength in a range of from approximately 400 nanometers to approximately 1100
nanometers. Light emitted from the light source 40A passes through the bandpass filter 40B
such that only light having specific wavelengths is emitted onto the beam splitter 42.

[0046] In the present embodiment, light emitted from the emission section 40 is broadly split
into visible red and green (RG) light and near-infrared light, which is light having a wavelength
in the near-infrared region of the spectrum.

[0047] In the present embodiment, RG light and near-infrared light are selectively emitted from
the emission section 40 by varying the wavelength of the light produced by the light source
40A, and by applying the bandpass filter 40B to the light produced by the light source 40A.

[0048] For convenience of explanation, RG light and near-infrared light, serving as the light
emitted from the emission section 40, are simply referred to as "SLO light" hereafter in a case
in which explanation does not need to distinguish between the two.

[0049] The beam splitter 42 guides the SLO light to the polygon mirror 44 by transmitting the
SLO light, and guides first retina reflected light to the photo detector section 46. Here, first
retina reflected light denotes light reflected by the retina originating from the SLO light. Light
reflected by the retina denotes light that was reflected by the retina and was then incident on
the shared optical system 36.

[0050] The polygon mirror 44 sends the SLO light from the beam splitter 42 to the shared
optical system 36. Then, as illustrated as an example in Fig. 5, the polygon mirror 44 scans the
SLO light in the Y direction by rotating in the arrow A direction on receiving drive force of the
motor 48.

[0051] The photo detector section 46 includes a photo detector 46A and an optical filter 46B.
The optical filter 46B is disposed at a position between an optical reception face 46A1 of the
photo detector 46A and a reflecting face 42A of the beam splitter 42, and covers an optical
reception face 46A1. First retina reflected light made of near-infrared light and first retina
reflected light made of RG light are selectively made incident to the optical reception face
4B6A1.

[0052] The photo detector 46A generates an SLO image signal, which is an image signal
based on the first retina reflected light that was incident via the optical filter 46B, and outputs
the generated SLO image signal.
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[0053] The OCT unit 34 is employed to generate a tomographic image of the retina, and may,
as in the present embodiment, include a super-luminescent diode (SLD) 50, an optical coupler
52, a reference light optical system 54, a spectrophotometer 56, a line sensor 58, a V-
galvanometer mirror 60, and a motor 62.

[0054] The SLD 50 emits low-coherence light. Low-coherence light, for example, denotes light
encompassing light in the near-infrared region having a longer wavelength than near-infrared
light emitted from the emission section 40 and having a time-wise coherence length of
approximately several tens of micrometers.

[0055] Low-coherence light emitted from the SLD 50 is fed into the optical coupler 52 via a first
optical fiber (not illustrated in the drawings) and is split into reference light and signal light. The
reference light is guided to the reference light optical system 54 via a second optical fiber (not
illustrated in the drawings), and the signal light is guided to the V-galvanometer mirror 60 via a
third optical fiber (not illustrated in the drawings).

[0056] The reference light optical system 54 is an optical delay line which matches the optical
path length between the eye 38 and the optical coupler 52.

[0057] A reference mirror returns reference light to the optical coupler 52 via the same optical
path by reflecting the reference light. The reference mirror is a movable mirror that can move
in the direction of the optical axis of the reference light, and the length of the optical path of the
reference light is adjusted by moving the position of the reference mirror on the optical axis.

[0058] The V-galvanometer mirror 60 sends signal light to the shared optical system 36. Then,
as illustrated as an example in Fig. 5, the V-galvanometer mirror 60 scans the signal light in
the Y direction by rotationally oscillating in the arrow B direction on receiving drive force of the
motor 62.

[0059] Moreover, the V-galvanometer mirror 60 guides second retina reflected light to the
optical coupler 52 via a fourth optical fiber. Here, the second retina reflected light denotes light
reflected by the retina originating from signal light.

[0060] The second retina reflected light guided by the optical coupler 52 is superimposed with
the reference light guided from the reference light optical system to the optical coupler 52 by
the optical coupler 52 and interference occurs. Interference light obtained due to the
interference occurring is spectrally dispersed by the spectrophotometer 56, and the spectrally
dispersed interference light is guided to the line sensor 58.

[0061] The line sensor 58 generates an OCT image signal, which is an image signal based on
incident interference light, and outputs the generated OCT image signal.

[0062] The shared optical system 36 may, as in the present embodiment, include a dichroic
mirror 64, a slit mirror 66 that has an elliptical, concave reflecting face, an H-galvanometer



DK/EP 3668371 T3

mirror 68 (whose reflecting surface provides an example of the 'reflecting face' mentioned in
the first embodiment), an ellipsoid mirror 70, and a motor 72.

[0063] The dichroic mirror 64 guides the SLO light to the slit mirror 66 by causing the SLO light
from the polygon mirror 44 of the SLO unit 32 to be transmitted, and guides the signal light to
the slit mirror 66 by causing the signal light from the V-galvanometer mirror 60 of the OCT unit
34 to be reflected.

[0064] For convenience of explanation, signal light and SLO light are denoted "emitted light"
hereafter in a case in which there is no need for the explanation to distinguish between the
two.

[0065] The slit mirror 66 reflects incident emitted light toward the H-galvanometer mirror 68.
The H-galvanometer mirror 68 reflects and sends the emitted light from the slit mirror 66 to a
mirror face 70A of the ellipsoid mirror 70. Then, as illustrated in the example of Fig. 5, the H-
galvanometer mirror 68 scans the emitted light in an X direction by rotationally oscillating in the
arrow C direction on receiving drive force from the motor 48.

[0066] The ellipsoid mirror 70 guides emitted light to the retina by reflecting emitted light that
was incident to the mirror face 70A (as an example of the 'concave mirror face' mentioned in
the first embodiment). Emitted light guided to the retina is reflected by the retina. Then, the
retina reflected light is guided to the dichroic mirror 64 in the shared optical system 36, along
the same optical path as the emitted light. The dichroic mirror guides the first retina reflected
light to the SLO unit 32 and guides the second retina reflected light to the OCT unit 34. Basic
configuration of a retinal imaging optical system configured by two elliptical faces is similar to
the configurations described in PCT application No. PCT/GB94/02465 (WO 95/13012) and
PCT application No. PCT/GB2007/002208 (WO 2008/009877), the contents of which are
incorporated herein by reference in their entirety.

[0067] During operation of the ophthalmic device 10-2, the controller 3 controls the first retinal
image acquisition module 7 (specifically, the rotation of the H-galvanometer mirror 68 via drive
signals transmitted to the motor 72, and the rotation of the polygon mirror 44 via drive signals
transmitted to the motor 48 in the example of Fig. 4), and the second retinal image acquisition
module 1-2 (specifically, the rotation of the H-galvanometer mirror 68 via drive signals
transmitted to the motor 72, and the rotation of the V-galvanometer mirror 60 via drive signals
transmitted to the motor 62 in the example of Fig. 4) such that the emitted light is scanned, via
the slit mirror 66, the H-galvanometer mirror 68 and the ellipsoid mirror 70, across a common
imaging region on the retina of the eye 38, for example in a raster pattern. The shape of the
common imaging region on the retina is not limited and may, as in the present embodiment, be
substantially rectangular (e.g. substantially square), or alternatively a line, for example. As
noted above, however, the SLO light from the SLO unit 32 and the signal light from the OCT
unit 34 need not be scanned across a common imaging region on the retina, and may instead
be scanned across respective imaging regions that are different but nevertheless have a
known positional offset relative to one another. For example, in other embodiments, the
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imaging region imaged by scanning the SLO light may be within the imaging region imaged by
scanning the signal light, or vice versa, with the centers of the imaging regions in either case
being coincident or offset relative to one another.

[0068] In the following, the region of the retina of the eye 38 imaged by the first retinal image
acquisition module 7 (e.g. comprising the SLO unit 32, the shared optical system 36 and the
SLO image generator 18 in the example of Fig. 4), across which region light from the first
retinal image acquisition module 7 (the SLO light in that example) is scanned, is referred to as
the "imaging region of the first retinal image acquisition module 7". Similarly, the region of the
retina of the eye 38 imaged by the second retinal image acquisition module 1-2 (e.g.
comprising the OCT unit 34, the shared optical system 36 and the OCT image generator 16 in
the example of Fig. 4), across which region light from the second retinal image acquisition
module 1-2 (the signal light in that example) is scanned, is referred to as the “imaging region of
the second retinal image acquisition module 1-2 ". The imaging regions of the first and second
retinal image acquisition modules 7 and 1-2 are provided at respective scan locations of the
first and second retinal image acquisition modules 7 and 1-2.

[0069] As will be described in more detail below, by virtue of the arrangement of components
in the shared optical system 36, the first retinal image acquisition module 7 is able to acquire
an ultra-wide field (UWF) retinal image as a "reference retinal image", which can be regarded
as a 'navigation map' for guiding movement of the imaging regions of the first and second
retinal image acquisition modules 7 and 1-2 towards a desired region of the retina, as
discussed in more detail below. More particularly, the controller 3 is configured to control
movement of the polygon mirror 44 and the H-galvanometer mirror 68 in order to vary the
optical path of the SLO light via the slit mirror 66 and the ellipsoid mirror 70 such that the light
reflected from the retina and converted by the photo detector 46A produces, as the reference
retinal image, up to a 200 degree scan of the retina as measured at the center O of the eye
38. In this way, the UWF retinal image can cover up to about 80% to 85% of the retina. The
scanned area of the retina thus has an arc spanning an angle of up to about 200 degrees
about the (geometrical) center O of the subject's eye 38. In other embodiments, this angle may
be up to 120 degrees, or up to 80 degrees, for example. Whilst the UWF retinal image is being
acquired, the first retinal image acquisition module 7 may rotate the direction of the light beam
emitted thereby through an angle of at least 8 about the focal point, where 6 is 30 degrees, 60
degrees and 100 degrees, for example.

[0070] During the aforementioned changes to the locations of the imaging regions of the first
and second retinal image acquisition modules 7 and 1-2, the first retinal image acquisition
module 7 is configured to acquire one or more retinal images of regions of the retina whose
areas are smaller than the reference imaging area imaged in the reference retinal image.

[0071] The device main body controller 13 controls operation of the device main body 12 by
exchanging a variety of information with the device main body 12. Moreover, the device main
body controller 13 generates a two-dimensional image indicating an aspect of the surface of
the retina based on the SLO image signal obtained from the photo detector 46A. The device
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main body controller 13 also generates a three-dimensional (3D) image of the retina based on
tomographic images generated from the OCT image signal from the line sensor 58.

[0072] In the present embodiment, the two-dimensional image obtained using the SLO unit 32
is broadly split into a chromatic image based on RG light and an achromatic image based on
near-infrared light. Furthermore, tomographic images obtained using the OCT unit 34 are
achromatic images. Two-dimensional images obtained using the SLO unit 32 and the
tomographic images obtained using the OCT unit 34 may be displayed as still images, or may
be displayed as a live view image.

[0073] The device main body controller 13 includes the controller 3, an OCT image generator
16, an SLO image generator 18, a user input interface (I/F) 20, at least one user input device
22, a display controller 24, a display 26, a communication I/F 28, and a bus line 30.

[0074] The controller 3, the OCT image generator 16, the SLO image generator 18, the user
input I/F 20, the display controller 24, and the communication I/F 28 are connected to one
another by the bus line 30. Accordingly, the controller 3 can exchange various items of
information with the OCT image generator 16, the SLO image generator 18, the user input I/F
20, the display controller 24, and the communication I/F 28.

[0075] The controller 3 controls driving of the motors 48, 62 and 72 by controlling respective
motor drive circuits (not illustrated in the drawings) corresponding to the motors 48, 62 and 72
via the communication I/F 28.

[0076] Furthermore, the controller 3 switches between lighting-up and lighting-out the light
source 40A, adjusts the amount of light, changes the wavelength of light produced by the light
source 40A, and the like, by controlling a light source drive circuit (not illustrated in the
drawings) corresponding to the light source 40A via the communication I/F 28.

[0077] Furthermore, the controller 3 switches between lighting-up and lighting-out the SLD 50,
adjusts the amount of light, changes the wavelength of light produced by the SLD 50, and the
like, by controlling a SLD drive circuit (not illustrated in the drawings) corresponding to the SLD
50 via the communication I/F 28.

[0078] Furthermore, the controller 3 controls operation of the bandpass filter 40B, operation of
the optical filter 46B, and operation of the reference mirror of the reference light optical system
54 via the communication I/F 28.

[0079] The at least one user input device 22 may, as in the present embodiment, include a
keyboard and a mouse, and is operable to receive various instructions from a user. The user
input device 22 may additionally or alternatively include a touch panel, or the like.

[0080] The user input devices 22 are connected to the user input I/F 20, and are arranged to
output an instruction content signal indicating contents of the received instructions to the user
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input I/F 20. The controller 3 is configured to execute processing operations in accordance with
the instruction content signal input from the user input I/F 20.

[0081] The display 26 may, for example, be an LCD or organic electroluminescence display
(OELD). The display 26 is connected to the display controller 24. Under the control of the
controller 3, the display controller 24 controls the display 26 so as to display on the display 26
a two-dimensional image obtained using the SLO unit 32 and a 3D representation of the retina
based on tomographic images obtained using the OCT unit 34. Under the control of the
controller 3, the display controller 24 can also display various screens, such as menu screens,
by controlling the display 26.

[0082] The communication I/F 28 is connected to an electrical system of a device main body
12, and operates under the control of the controller 3 to govern exchange of various
information between the controller 3 and the device main body 12.

[0083] The SLO image generator 18 acquires the SLO image signal from the photo detector
46A of the SLO unit 32 via the communication I/F 28, and may, as in the present embodiment,
be a dedicated circuit configured to perform processing operations to generate a two-
dimensional image based on the acquired SLO image signal.

[0084] The SLO image generator 18 may, as in the present embodiment, be configured to
output frames of the generated two-dimensional images to the display controller 24 at a frame
rate of typically tens of frames per second in the live tracking SLO feed. The display controller
24 may display the two-dimensional images input from the SLO image generator 18 on the
display 26 as a live image in accordance with instructions by the controller 3. Moreover, the
display controller 24 may display the two-dimensional images input from the SLO image
generator 18 on the display 26 as still images, in accordance with instructions by the controller
3.

[0085] The OCT image generator 16 is configured to acquire the OCT image signal from the
line sensor 58 of the OCT unit 34 via the communication I/F 28, and may, as in the present
embodiment, be a dedicated circuit configured to perform processing operations to generate
tomographic images based on the acquired OCT image signal.

[0086] The OCT image generator 16 may, as in the present embodiment, be configured to
generate a 3D image of the retina by combining tomographic images (which may also be
acquired at a rate of typically tens of frames per second) using image processing techniques
known to those skilled in the art. The tomographic images represent 'slices' through the retina
at different depths from the retinal surface, and are combined by the OCT image generator 16
to generate a 3D image of the imaged portion of the retina. The display controller 24 may
display the 3D image input from the OCT image generator 16 on the display 26, in accordance
with instructions from the controller 3.

[0087] Although the OCT image generator 16 and the SLO image generator 18 are each
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implemented by a computer that includes a CPU, ROM, and RAM in the present embodiment,
the technology disclosed herein is not limited thereto, and one or both of the OCT image
generator 16 and the SLO image generator 18 may alternatively be implemented by field-
programmable gate arrays (FPGA), or may be implemented by an application-specific
integrated circuit (ASIC). Moreover, the OCT image generator 16 and the SLO image
generator 18 may each be implemented by a combination of hardware configuration and
software.

[0088] Figure 6 shows an exemplary implementation of the controller 3, in programmable
signal processing hardware. The signal processing apparatus 100 shown in Fig. 6 comprises a
communication I/F 110 for receiving data from, and transmitting control signals to, the bus 30.
The signal processing apparatus 100 further comprises a processor (CPU) 120 for controlling
the overall operation of the ophthalmic device 10-2, a working memory 130 (e.g. a random
access memory) and an instruction store 140 storing computer-readable instructions which,
when executed by the processor 120, cause the processor 120 to perform the processing
operations hereinafter described to control the ophthalmic device 10-2. The instruction store
140 may comprise a ROM (e.g. in the form of an electrically-erasable programmable read-only
memory (EEPROM) or flash memory) which is preloaded with the computer-readable
instructions. Alternatively, the instruction store 140 may comprise a RAM or similar type of
memory, and the computer-readable instructions can be input thereto from a computer
program product, such as a computer-readable storage medium 150 such as a CD-ROM, etc.
or a computer-readable signal 160 carrying the computer-readable instructions.

[0089] In the present embodiment, the combination 170 of the hardware components shown in
Fig. 6, comprising the processor 120, the working memory 130 and the instruction store 140, is
configured to implement the functionality of the controller 3 and, in particular, the functions of
the pupil alignment module 2, the pupil alignment maintenance module 3-2, the retina scan
location alignment module 4-2, and the retina scan location maintenance module 5-2, which
will now be described in detail with reference to Figs. 7 to 15.

[0090] Figure 7 is a flow chart illustrating a method of operating the ophthalmic device 10-2 to
perform a scan at a target scan location on the retina so as to illuminate and acquire an OCT
image of a region of the retina at the target scan location.

[0091] Prior to the performance of this method, the target scan location may be acquired. To
this end, the controller 3 may control the first retinal image acquisition module 7 to acquire the
above-mentioned reference retinal image. During this process, the target display module 6
operates in the static fixation mode to display a fixation target for fixing the gaze of the
subject's eye 38 in a central gaze direction. Then, RG light is emitted from the light source 40A
of the SLO unit 32, and the UWF retinal image of the subject's eye 38 is captured by operation
of the SLO unit 32 and the shared optical system 36, under the control of the controller 3. An
UWF RG-SLO image is acquired from the SLO image generator 18 as an example of the
reference retinal image. It should be noted that near-infrared light from the light source 40A
may alternatively be used to acquire an UWF IR-SLO image as the reference retinal image.
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[0092] The patient's gaze direction may, as in the present embodiment, remain fixed during all
of the subsequently imaging processes described below, where the ophthalmic device 10-2 is
operable to image the different regions of the retina shown in the UWF reference retinal image
without the patient changing the gaze direction. During these imaging processes, the controller
3 may monitor a live tracking SLO feed from the first retinal image acquisition module 7 to
measure a motion metric that is indicative of the quality of the fixation, and generate signals for
causing visual cues (e.g. changing colour of the fixation target, blinking the fixation target or
changing a pattern of the fixation target) to be displayed to the subject for improving the
fixation, as necessary.

[0093] Under control of the controller 3, the display controller 24 controls the display 26 to
display the acquired reference retinal image 400 (also referred to herein as a "planning
image"), as illustrated in Fig. 8. The user is then able to view the UWF reference retinal image
400 (hereafter referred to as the "UWF retinal image 400") on the display 26, and identify a
region of interest where, for example, a sign of a disorder is suspected and in which it would be
desirable to perform OCT.

[0094] The controller 3 designates a target in the UWF retinal image 400 which corresponds to
the target scan location on the retina. The target may be designated by the controller 3
anywhere in the UWF retinal image 400 (including the peripheral portion of the retina), in one
of a number of different ways. By way of an example, in the present embodiment, the user
moves a cursor 402 overlaid on the displayed UWF retinal image 400, using the input device
22 (e.g. by moving the mouse). The user can designate a point of interest on the displayed
UWF retinal image 400 in any desirable way, for example by clicking a button on the mouse
while the cursor 402 is located at that point. The controller 3 designates the target by
recording, for example, pixel locations in the UWF retinal image 400, which correspond to the
location in the UWF retinal image 400 of the cursor 402 when the user designation (e.g. the
mouse click) occurred. A region of the UWF retinal image 400 surrounding the target is thus
selected for OCT imaging.

[0095] Although the target is thus designated based on the selection of a point on the
displayed UWF retinal image 400 by the user in the present embodiment, the target may
alternatively be designated based on the designation by the user of a line or two-dimensional
region in the UWF retinal image 400 (e.g. by a 'click, drag and release’' operation on the mouse
to define e.g. a box in the UWF retinal image 400). For example, where a two-dimensional
region in the UWF retinal image 400 is selected by the user, the controller 3 may designate the
target as the coordinates (in the coordinate system of the of the UWF retinal image 400) of the
centroid (geometrical center) of the two-dimensional region. The size of the two-dimensional
region selected by the user may be used to define the size of the imaging area on the retina.
The target may alternatively be designated automatically by the controller 3 using e.g. pattern-
matching algorithms to identify one or more regions of interest (where features usually
associated with a disorder are located) in the reference retinal image 400.
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[0096] In process S110, the pupil alignment module 2 aligns the pupil of the eye with the focal
point of the second retinal image acquisition module 1-2. This process is substantially the
same as process S10 described above with reference to Fig. 2, and will therefore not be
described further here.

[0097] Following the alignment of the pupil with the focal point, the ophthalmic device 10-2
starts a procedure for performing a scan of a part of the retina, and the target display module 6
switches from operating in the static fixation mode to operating in the dynamic fixation mode.

[0098] When an OCT image or the like is captured over an ultra-wide angle region, namely, in
a case in which the capturing target region of the OCT image is a peripheral portion of the
subject's eye 38, the optical axis of light emitted from the SLD 50 for capturing the OCT image
is liable to depart from the pupil of the subject's eye 38, and the quality of the OCT image is
liable to deteriorate due to the vignetting that is caused by misalignment of the pupil with the
focal point.

[0099] Thus, in process S120, the pupil alignment maintenance module 3-2 begins to monitor
the position of the pupil relative to the focal point and maintain the alignment of the pupil with
the focal point based on the monitored position. The pupil alignment maintenance module 3-2
may, as in the present embodiment, receive from the first retinal image acquisition module 7 an
image of a subject's eye 38, determine whether or not at least a portion of a pupil region of the
received image is within a predetermined permissible region within the received image, and
generate an output signal that is indicative of the determination, the pupil region being an
image of at least a portion of the pupil of the eye 38. The pupil alignment maintenance module
3-2 may alternatively determine whether or not a proportion of a predetermined permissible
region of the received image that is occupied by at least a portion of a pupil region of the
received image is a predetermined threshold value or greater, and generate an output signal
that is indicative of the determination. The output signal may be used to generate and display a
warning message (or provide another, e.g. audio and/or visual) indication to alert the subject
and/or the operator that the alignment of the pupil with the focal point is unsatisfactory, so that
remedial action can be taken. The output signal may alternatively be used for closed-loop
control of the relative positioning of the pupil and focal point by the pupil alignment
maintenance module 3-2, in order to automatically compensate for any misalignment of the
pupil and the focal point that may be caused by the movement of the subject.

[0100] The pupil alignment maintenance module 3-2 may be arranged to generate a binary
image by binarising the received image of the subject's eye 38. In some embodiments, the
pupil alignment maintenance module 3-2 may be arranged to generate a determination-use
image by removing from the received image (or from the binary image, in embodiments in
which the aforementioned binary image is generated) an unneeded region other than a
received image pupil region, the received image pupil region being an image of at least a
portion of the pupil in the received image (or in the binary image, as the case may be); in those
embodiments, the pupil alignment maintenance module 3-2 is arranged to perform the
determination based on the determination-use image.
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[0101] An example of a process by which the pupil alignment maintenance module 3-2 may
maintain the alignment of the pupil with the focal point will now be described with reference to
Fig. 9.

[0102] First, in process S121, capturing of IR-SLO images by the first retinal image acquisition
module 7 is started. Namely, near-infrared light is emitted from the light source 40A, the SLO
unit 32 is controlled such that the target scan location on the retina, which corresponds to the
designated target in the UWF retinal image 400, is scanned, and narrow-range IR-SLO images
are captured. Although explanation is given regarding a case in which IR-SLO images are
captured in the present embodiment, RG-SLO images (or other kind of images) may be
captured.

[0103] In process S122, the pupil alignment maintenance module 3-2 acquires the narrow-
range IR-SLO image captured by the first retinal image acquisition module 7.

[0104] In process S123, binarization processing is optionally executed on the acquired IR-SLO
image, so that a binarized image may be generated. For example, for each pixel of the IR-SLO
image, a white pixel is given if the pixel value is a predetermined binarization threshold value or
greater, and a black pixel is given if the pixel value is less than the binarization threshold value.
Figure 10 illustrates an example of such a binarized image.

[0105] White regions in the binarized image 300 illustrated in Fig. 10 are regions onto which
reflected light of light for IR-SLO imaging emitted toward the subject's eye 38 has been
detected, and a white region 302 therein represents the pupil region of the subject's eye.
Moreover, white regions 304 are regions other than the pupil, for example, an eyelash or
eyelid region. Note that the white region 302 and the white regions 304 are sometimes
connected. Moreover, a black region 306 is a region where the reflected light of the light for IR-
SLO imaging emitted toward the subject's eye 38 has not been detected. As illustrated in Fig.
10, for example, a black region 308 such as a blood vessel sometimes appears in the white
region 302 representing the pupil region.

[0106] Thus, sometimes white regions represent not only the pupil region, but also eyelash
and eyelid regions. However, eyelash and eyelid white regions 304 are regions that are not
needed in a case in which determining whether or not the position of the pupil is within the
permissible range. Moreover, the black region 308 such as a blood vessel that has appeared
in the white region 302 representing the pupil region is also a region not needed in a case in
which determining whether or not the position of the pupil is in the permissible range.

[0107] Thus, in process S124, the pupil alignment maintenance module 3-2 optionally
generates a determination-use image by removing unwanted regions other than the pupil from
the binarized image 300 generated in process S123 (or from the received image, in cases
where binarization is not performed). In other words, the pupil alignment maintenance module
3-2 generates the determination-use image by removing from the binarized image 300 an
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unneeded region other than a binary image pupil region, the binary image pupil region being
an image of at least a portion of the pupil in the binarized image 300. More specifically, for
example, the white region 304 and the black region 308, which are unwanted regions, are
removed from the binarized image 300 by executing known morphological operations on the
binarized image 300.

[0108] Here, morphological operations is processing that leaves a feature portion of an image
(the pupil in the present exemplary embodiment) and removes other unwanted regions by
repeatedly performing downscale processing and upscale processing on a processing-target
image. By executing such morphological operations on the binarized image 300, a
determination-use image 310 from which the unwanted regions have been removed is
generated, as illustrated in Fig. 11. Note that although explanation has been given regarding a
case in which unwanted regions are removed by morphological operations in the present
exemplary embodiment, the processing that removes unwanted regions is not limited to
morphological operations. For example, the unwanted regions may be removed using known
feature extraction processing, pattern matching processing, or the like.

[0109] In process S125, the pupil alignment maintenance module 3-2 determines whether or
not at least a portion of a pupil region of the determination-use image 310 is within a
predetermined permissible region within the determination-use image 310 (the pupil region
being an image of at least a portion of the pupil of the subject's eye 38). Thus, a determination
is made as to whether or not the position of the pupil is in the permissible range based on the
determination-use image 310 generated in process S124.

[0110] The pupil alignment maintenance module 3-2 may alternatively determine whether or
not a proportion of a predetermined permissible region of the determination-use image 310
that is occupied by at least a portion of a pupil region of the determination-use image 310 is a
predetermined threshold value or greater. In other words, a determination may be made as to
whether or not a ratio of a region occupied by the pupil in a predetermined determination
region of the determination-use image 310 is a predetermined threshold value or greater. The
determination region in the present exemplary embodiment is set to, for example, a line 312
running along a width direction (the X direction) of the determination-use image 310, as
illustrated in Fig. 12. Then, determination is made as to whether or not the ratio of the number
of pixels occupied by white pixels (pixels representing the pupil) on the line 312 to the total
number of pixels on the line 312 is the threshold value or greater. Here, the threshold value is
set to a value such that the quality of the subsequently imaged OCT image will be in a
permissible range when the number of white pixels is the threshold value or greater.

[0111] In a case in which the ratio of the number of pixels occupied by white pixels on the line
312 to the total number of pixels on the line 312 is the threshold value or greater, the
processing proceeds to process S126, where it is determined whether or not a stopping
criterion is met. The stopping criterion may, for example, be that OCT imaging by the second
retinal image acquisition module 1-2 has been completed. If the stopping criterion is met, then
the processing stops, otherwise the processing transitions back to process S122. Alternatively,
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if the ratio is determined in process S125 to be less than the threshold value, the processing
transitions to process S127.

[0112] In process S127, the pupil alignment maintenance module 3-2 generates an output
signal that is indicative of the determination in process S127. The primary controller 14 may
control the display controller 24, on the basis of the output signal generated by the pupil
alignment maintenance module 3-2, to set the display content that is displayed on the display
26, for example to display a warning message stating that the OCT image will not be imaged
normally. The operator then instructs the patient to look at the fixation target. The output signal
may thus be used to correct the position of the subject's eye 38 relative to the focal point so as
to keep the pupil position in alignment with the focal point. Alternatively, in process S127, the
pupil alignment maintenance module 3-2 may use the generated output signal to control an
XYZ stage or the like of the ophthalmic device 10-2 so as to adjust the positioning of the focal
point of the ellipsoid mirror 70 relative to the pupil of the eye 38 in order to compensate for
movements of the eye 38 and thus maintain the alignment of the pupil with the focal point.
Following the execution of process S127, processing transitions back to process S122, and
another acquired IR-SLO image is processed as described above.

[0113] Note that although the line 312 in Fig. 12 is a line along the width direction of the
determination-use image 310, the line 312 may be inclined with respect to the width direction
of the determination-use image 310, as illustrated in Fig. 13. Moreover, the determination
region may be a rectangular region 314, as illustrated in Fig. 14. Moreover, the determination
region may be a freely selected polygonal region other than that of a rectangle.

[0114] Further details of the pupil position determination processing described above with
reference to Figs. 9 to 13 are provided in the applicant's co-pending application titled "Ocular
Image Capturing Device", which was filed on the same date as the present application with
agent reference number 198 411, the contents of which are incorporated herein by reference
in their entirety. At least some of the features of this cross-referenced disclosure may be
claimed in the present application.

[0115] Referring again to Fig. 7, in process S130, the controller 3, functioning as the retina
scan location alignment module 4-2, aligns the scan location of the second retinal image
acquisition module 1-2 on the retina with the target scan location. Process S130 is performed
while the alignment of the pupil with the focal point is being maintained by the pupil alignment
maintenance module 3-2. The controller 3 may align the scan location of the second retinal
image acquisition module 1-2 on the retina to the target scan location by determining an offset
indicator that is indicative of an offset between a designated scan location of the first retinal
image acquisition module 7 on the retina and an initial scan location of a scan performed by
the first retinal image acquisition module 7, and controlling the first retinal image acquisition
module 7, based on the determined offset indicator, to move the scan location of the first
retinal image acquisition module 7 from the initial scan location to a destination scan location
that is closer to the designated scan location than is the initial scan location, the target scan
location of the second retinal image acquisition module 1-2 being the scan location of the
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second retinal image acquisition module 1-2 while the scan location of the first retinal image
acquisition module 7 is the destination scan location.

[0116] In more detail, the controller 3 controls the first retinal image acquisition module 7 to
acquire a current retinal image of an initial imaging region of the retina that is within the
reference imaging area. For this purpose, the controller 3 may, as in the present embodiment,
employ a look-up table (as shown at 404 in Fig. 15) stored in the instruction store 140, which
correlates pixel locations in the UWF retinal image 400 with corresponding inclination angles 6
of the H-galvanometer mirror (H-Galvo) 68 and ¢ of the V-galvanometer mirror (\-Galvo) 60
that were set while image information at those points was acquired during the imaging process.
Where such a look-up table is used, the controller 3 may look up the scan angles 6 and ¢
associated with a pre-stored point that is closest to the target in the reference retinal image,
and control the drive of the H-Galvo 68 and V-Galvo 60 to deflect the SLO light across angular
ranges centered on those scan angles, the angular ranges of the scan defining the size of the
imaged region of the retina. In this way, the emitted light may be scanned over an imaging
region on the retina which is close to the intended imaging region, corresponding to that
centered on the designated target. For a more precise setting of the initial imaging region, the
scan angles may be determined by extrapolating between the values in the look-up table. It
should be noted, however, that such initial setting of the scan angles to image the initial
imaging region within the reference imaging area may be omitted, and the scan angles 6 and ¢
may alternatively be set to any other values that allow an initial imaging region within the
reference imaging area to be imaged.

[0117] The controller 3 then uses target, and the UWF retinal image 400 as a 'global map’, to
move the imaging region of the first retinal image acquisition module 7 from the initial imaging
region to a destination imaging region on the retina, and controls the first retinal image
acquisition module 7 to acquire a retinal image of the destination imaging region. Along the
way, the controller 3 may use one or more retinal images acquired by the first retinal
acquisition module 7 to 'land-mark’ the current position(s) of the images on the global map,
allowing it to determine any further adjustments to the location of the imaging region that might
be required to arrive at the destination imaging region. The controller 3 can thus move the
imaging region to the destination imaging region of interest in a step-wise manner, without the
need for scan location mappings of the kind present in the look-up table 404, and without being
influenced by scan location errors due to systematic variations in the optical imaging system
and fixation errors. More particularly, the controller 3 may control the first retinal image
acquisition module 7 to acquire a retinal image of a destination imaging region of the first
retinal image acquisition module 7 by performing at least once the sequence of processes S42
to S48 that are described with reference to Fig. 5B in the applicant's co-pending application
titled "Ophthalmic Device", which was filed on the same date as the present application with
agent reference number 198 408, the contents of which are incorporated herein by reference
in their entirety. At least some of the features of this cross-referenced disclosure may be
claimed in the present application.

[0118] The retina scan location maintenance module 5-2 then maintains the scan location of
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the second retinal image acquisition module 1-2 at the target scan location by performing,
while the alignment of the pupil with the focal point is being maintained by the pupil alignment
maintenance module 3-2, processes S140 to S160 shown in Fig. 7, as follows.

[0119] In process S140, the retina scan location maintenance module 5-2 acquires from the
first retinal image acquisition module 7 a sequence of images of the retina while the scan
location of the first retinal image acquisition module 7 is set to the destination scan location.

[0120] In process S150, the retina scan location maintenance module 5-2 processes the
acquired images to generate scan location correction information. The retina scan location
maintenance module 5-2 may, as in the present embodiment, process the sequence of images
to generate, as the scan location correction information, retinal position tracking information
that is indicative of a movement of the retina during the acquisition of the sequence images. In
this case, the retina scan location maintenance module 5-2 processes the sequence of images
being processed by: (i) receiving at least one image of the retina; (ii) calculating a cross-
correlation between a reference image and an image based on the at least one received
image to acquire an offset between the image and the reference image; and repeating
processes (i) and (ii) to acquire, as the retinal position tracking information, respective offsets
for the images in the sequence.

[0121] In process S160, the retina scan location maintenance module 5-2 maintains the scan
location of the first retinal image acquisition module 7 at the destination scan location using the
generated scan location correction information, and thus maintains the location of the second
retinal image acquisition module 1-2 at the target scan location. More particularly, the retina
scan location maintenance module 5-2 may maintain the scan location of the first retinal image
acquisition module 7 at the destination scan location by using the generated retinal position
tracking information to control the drive of the H-Galvo 68 and V-Galvo 60 to keep the SLO
light scan substantially at the destination scan location and thus at least partially compensate
for eye movements. The retina scan location maintenance module 5-2 may alternatively
control the target display module 6, based on the retinal position tracking information, to vary a
characteristic of the displayed target (e.g. its colour) so as to maintain the gaze direction of the
subject's eye and keep the scan location steady.

[0122] Advantageous methods of processing the sequence of retinal images to generate
retinal position tracking information, which is indicative of a movement of the retina during the
acquisition of the sequence of images, are described in the applicant's co-pending application
titled "Retinal Position Tracking", which was filed on the same date as the present application
with agent reference number 198 407, the contents of which are incorporated herein by
reference in their entirety. In brief, a processing method described in that application comprises
modifying the reference image while processes (i) and (ii) are being repeated, by determining
a measure of similarity between correspondingly located regions of pixels in two or more of the
received images and accentuating features in the reference image representing structures of
the imaged retina in relation to other features in the reference image based on the determined
measure of similarity. At least some of the features of the processing methods described in this
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cross-referenced application may be claimed in the present application.

[0123] In process S170 shown in Fig. 7, the controller 3 controls the second retinal image
acquisition module 1-2 to acquire a retinal image while the scan location of the first retinal
image acquisition module 7 remains at the destination scan location. By way of an example,
the controller 3 may control the second retinal image acquisition module 1-2 to illuminate and
acquire a 3D image of the current imaging region of the second retinal image acquisition
module 1-2, by acquiring a plurality of tomographic images of the current imaging region (over
a period of about 1-2 seconds) and processing the tomographic images by the OCT image
generator 16 to generate the 3D image.

[0124] During the acquisition of the plurality of tomographic images by the second retinal
image acquisition module 1-2 in process S170, the first retinal image acquisition module 7 may
operate in a live tracking mode to acquire one or more further images of the retina as "post-
registration image(s)" while the imaging region of the first retinal image acquisition module 7
remains as previously set.

[0125] The controller 3 may then then generate a marker retinal image based on the one or
more retinal images, and may also generate a comparison image based on at least a potion of
the UWF retinal image 400. The marker retinal image may correspond to a single post-
registration image acquired by the first retinal image acquisition module 7 while the second
retinal image acquisition module 1-2 is acquiring the plurality of tomographic images, or may
be obtained by processing two or more post-registration images acquired by the first retinal
image acquisition module 7 while the second retinal image acquisition module 1-2 is acquiring
the tomographic images, for example by calculating an average of two or more of the post-
registration images, or selecting an image from a plurality of post-registration images
according to a selection criterion such as image quality. The comparison image may, as in the
present embodiment, correspond to the entire UWF retinal image 400, or may alternatively be
only a portion of the UWF retinal image 400 (e.g. covering an area of the retina in which retinal
scans are most likely to be made). The controller 3 may then compare the marker retinal
image with the comparison image 400 and, based on the comparison, generate a marker that
is indicative of the position of the marker retinal image within the comparison image. The
controller 3 may generate the maker on the basis of a calculated cross-correlation between the
marker retinal image and the comparison image, for example.

[0126] The controller 3 may then store the marker in association with the comparison image.
The marker may be stored not only in association with the comparison image but additionally
or alternatively in association with one or more of: (i) the (3D) retinal image acquired by the
second retinal image acquisition module 1-2; (ii) at least one of the one or more post-
registration retinal images acquired by the first retinal image acquisition module 7; (iii) the
marker retinal image; (iv) the reference retinal image 400; and (v) a clipped region of the
reference retinal image 400, wherein the clipped region is positioned at the determined
position of the marker retinal image within the reference retinal image 400, and may be same
size as (or preferably larger than) the post-registration image(s).
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[Modifications and Variations]

[0127] Many modifications and variations can be made to the embodiments described above.

[0128] In the embodiments explained above, the polygon mirror 44 arranged to scan in the Y
direction, and the V-galvanometer mirror 60 arranged to scan in the Y direction, are disposed
at the light incidence side of the dichroic mirror 64. However, the dichroic mirror 64 may be
disposed in a position separated in the optical axis direction from the focal point of the slit
mirror 66, and the polygon mirror 44 or the V-galvanometer mirror 60 that scans in the Y
direction may be disposed at the focal point position of the slit mirror 66. In such cases, the
polygon mirror 44 or the V-galvanometer mirror 60 functions as a shared scanning optical
system employed during SLO image acquisition and OCT image acquisition.

[0129] Furthermore, although an example has been described in which a shared optical axis,
along which light for SLO and light for OCT passes, is generated by the dichroic mirror 64, a
beam splitter such as a polarizing beam splitter or an optical member such as a half-mirror
may be employed instead of the dichroic mirror 64.

[0130] In the above embodiments, the polygon mirror 44 and the V-galvanometer mirror 60
are disposed at the light incidence side of the dichroic mirror 64, and the H-galvanometer
mirror 68 for X direction scanning, shared by SLO and OCT, is disposed at the light emission
side of the dichroic mirror 64, as illustrated in Fig. 4. Figure 16 illustrates a configuration
corresponding to the SLO unit 32, the OCT unit 34, and the shared optical system 36
illustrated in Fig. 4. As illustrated in Fig. 16, a device main body includes a dichroic mirror
1064, an SLO engine 1032A, and an OCT engine 1034A. A scanning system 1044 is disposed
between the dichroic mirror 1064 and the SLO engine 1032A. Further, another scanning
system 1060 is disposed between the dichroic mirror 1064 and the OCT engine 1034A. A
further scanning system 1068 is disposed between the dichroic mirror 1064 and a subject's
eye 1038.

[0131] Note that the scanning system 1044 corresponds to the polygon mirror 44, and the SLO
engine 1032A is a portion obtained by removing the polygon mirror 44 from the SLO unit 32 in
Fig. 4. The scanning system 1060 corresponds to the V-galvanometer mirror 60, and the OCT
engine 1034A is a portion obtained by removing the V-galvanometer mirror 60 from the OCT
unit 34 in Fig. 4. The scanning system 1068 corresponds to the H-galvanometer mirror 68.

[0132] The following modifications can be can be made to the scanning optical system.

[0133] Figure 17 is a schematic illustration of the optical system of the ophthalmic device of a
first variant of the embodiment. As illustrated in Fig. 17, a two-dimensional scanning optical
system 1104 for SLO is disposed on one light incidence side (the SLO engine 1032A side) of
the dichroic mirror 1064, and a two-dimensional scanning optical system 1102 for OCT is
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disposed at another light incidence side (the OCT engine 1034A side) of the dichroic mirror
1064.

[0134] Figure 18 is a schematic illustration of the optical system of the ophthalmic device of a
second variant of the embodiment. As illustrated in Fig. 18, a shared two-dimensional scanning
optical system 1200, employed by SLO and OCT, is disposed at the light emission side of the
dichroic mirror 1064.

[0135] Furthermore, in the all of the scanning optical systems explained above, similar
scanning can be performed by exchanging the X direction with the Y direction.

[0136] Although explanation has been given regarding examples in which an ellipsoid mirror is
employed as an optical member that relays the scanning, another concave mirror such as a
parabolic mirror may be employed, or an optical member such as a lens may be employed
instead of a concave mirror. An optical member that includes plural focal points may be
employed as the optical member that relays the scanning. In such cases, the positional
relationship between the optical member, the scanning optical system, and the subject's eye
may adopt the following aspects.

[0137] In a first aspect, the subject's eye is disposed at one focal point position f1, and a
shared two-dimensional scanning optical system, employed by SLO and OCT, is disposed at
another one focal point position f2.

[0138] In a second aspect, the subject's eye is disposed at one focal point position f1, a two-
dimensional scanning optical system employed by SLO is disposed at another one focal point
position f2, and a two-dimensional scanning optical system employed by OCT is disposed at
yet another one focal point position f3.

[0139] In a third aspect, the subject's eye is disposed at one focal point position 1, a shared
one-dimensional scanning optical system employed by both SLO and OCT and that scans light
in a first direction is disposed at another one focal point position f2, a one-dimensional
scanning optical system that scans light in a second direction intersecting the first direction (for
example, an orthogonal direction) employed by SLO is disposed at yet another one focal point
position f3, and a one-dimensional scanning optical system that scans light in a second
direction employed in OCT is disposed at an optically equivalent position to the another one
focal point position 3.

[0140] Note that in each of the aspects above, the subject's eye and a scanning optical system
may be disposed at a position optically equivalent to a focal point position instead of a focal
point position.

[0141] In the exemplary embodiments explained above, a micro-electrochemical system
(MEMS) mirror, a rotating mirror, a prism, a resonating mirror, or the like may be employed
instead of the polygon mirror 44.
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[0142] In the exemplary embodiments explained above, a MEMS mirror, a rotating mirror, a
prism, a polygonal scanner, or a resonating mirror may be employed instead of the V-
galvanometer mirror 60 and the H-galvanometer mirror 68.

[0143] Although examples have been given in each of the exemplary embodiments above in
which a pair of concave mirrors are configured by the slit mirror 66 and the ellipsoid mirror 70,
the present invention is not limited thereto. For example, a tilted spherical mirror, a non-
spherical mirror, a pair of parabola mirrors, a pair of parabolic mirrors, a lens system, or an
optical system employing an appropriate combination of these may be employed instead of the
slit mirror 66.

[0144] Furthermore, the fixation target light control processing explained in each of the
exemplary embodiments above are merely examples. It therefore goes without saying that
unnecessary steps may be omitted, new steps may be added, and the processing sequence
may be rearranged. Moreover, each item of OCT imaging processing may be implemented by
hardware configuration alone, such as an FPGA, an ASIC, or the like, or may be implemented
by a combination of a computer employing software configuration and hardware configuration.
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Patentkrav

1. Oftalmisk indretning (10-1; 10-2) omfattende:

10

15

20

25

30

et belysningsmodul (1-1; 1-2) indrettet til at scanne lys over et omrade af
nethinden af et individs gje (38) for at belyse navnte omrade, nar pupillen
af gjet (38) er placeret ved et braendpunkt af belysningsmodulet (1-1; 1-
2), idet belysningsmodulet (1-1; 1-2) omfatter:
en reflektionsflade (68) indrettet til at reflektere lys emitteret af et
emissionsafsnit (40) og til at scanne lyset i en specifik retning ved
aendring af orienteringen; og
en konkav spejlflade (70A) indrettet til at reflektere lyset, som er
blevet reflekteret af reflektionsfladen (68) pa nethinden af individets
gje (38), nar individets gje (38) er placeret ved et braendpunkt af den
konkave spejlflade (70A) under anvendelse af den oftalmiske
indretning (10-1; 10-2);
et pupiltilpasningsmodul (2) indrettet til at tilpasse pupillen af gjet (38)
med brandpunktet;
et pupiltilpasningsfastholdelsesmodul (3-1; 3-2) indrettet til, efter
tilpasningen af pupillen med braendpunktet med pupiltilpasningsmodulet
(2), at overvage en position af pupillen i forhold til breendpunktet og at
fastholde tilpasningen af pupillen med brandpunktet baseret pa den
overvagede position;
et nethindescanningspositionstilpasningsmodul (4-1; 4-2) indrettet til at
tilpasse en scanningsposition af belysningsmodulet (1-1; 1-2) pa nethinden
til en malscanningsposition, mens tilpasningen af pupillen med
braendpunktet fastholdes af pupiltilpasningsfastholdelsesmodulet (3-1; 3-
2),
hvor belysningsmodulet (1-1; 1-2) er indrettet til at udfgre en scanning af
malscanningspositionen for at belyse et omrade af nethinden ved
malscanningspositionen; og
et nethindescanningspositionsfastholdelsesmodul (5-1; 5-2) indrettet til at
fastholde scanningspositionen ved malscanningspositionen ved at udfgre,
mens tilpasningen af pupillen med braendpunktet fastholdes af
pupiltilpasningsfastholdelsesmodulet (3-1; 3-2), processer til:
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2

erhvervelse af nethindekendetegnsinformation fra et overvaget afsnit
af nethinden;
bearbejdning af den erhvervede nethindekendetegnsinformation for at
generere scanningspositionskorrektionsinformation; og

5 fastholdelse af scanningspositionen ved malscanningspositionen under
anvendelse af den genererede

scanningspositionskorrektionsinformation.

2. Den oftalmiske indretning (10-1; 10-2) ifglge krav 1, hvor pupiltilpasnings-
10 modulet (2) er indrettet til at tilpasse pupillen af gjet (38) med braendpunktet ved
overvagning af positionen af pupillen i forhold til breendpunktet og:
baseret pa den overvagende position, at tilpasse braendpunktet af
belysningsmodulet (1-1; 1-2) for at bringe braandpunktet til tilpasning med
pupillen; eller
15 at generere, baseret pa den overvagede position, mindst et af:
signaler som far individet til at bevaege gjet (38), saledes at pupillen
bringes til tilpasning med braendpunktet; og
signaler som far en operatgr af den oftalmiske indretning (10-1; 10-2)
til at styre breendpunktet af belysningsmodulet (1-1; 1-2) for at
20 bringe braendpunktet til tilpasning med pupillen.

3. Den oftalmiske indretning (10-1; 10-2) ifglge krav 1 eller krav 2, hvor pupil-
tilpasningsfastholdelsesmodulet (3-1; 3-2) er indrettet til at fastholde tilpasningen
af pupillen med braendpunktet ved overvagning af positionen af pupillen i forhold
25 til braendpunktet og:
at tilpasse braendpunktet af belysningsmodulet (1-1; 1-2), baseret pa den
overvagede position, for at fastholde tilpasningen; eller
at generere, baseret pa den overvagede position, mindst et af:
signaler som far individet til at bevaege gjet (38) for at fastholde
30 tilpasningen; og
signaler som far en operatgr af den oftalmiske indretning (10-1; 10-2)
til at styre breendpunktet af belysningsmodulet (1-1; 1-2) for at
fastholde tilpasningen.
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3

4. Den oftalmiske indretning (10-1; 10-2) ifglge et hvilket som helst foregdende
krav, hvor nethindescanningspositionstilpasningsmodulet (4-1; 4-2) er indrettet til
at tilpasse scanningspositionen af belysningsmodulet (1-1; 1-2) pa nethinden til
malscanningspositionen ved:
at bestemme en forskydningsindikator, som indikerer en forskydning
mellem en designeret scanningsposition pa nethinden og en indledende
scanningsposition af en scanning udfgrt af belysningsmodulet (1-1; 1-2);
og
at styre belysningsmodulet (1-1; 1-2), baseret pa den bestemte
forskydningsindikator, for at bevaege scanningspositionen af belysnings-
modulet (1-1; 1-2) fra den indledende scanningsposition til en
destinationsscanningsposition, som er taettere pa den designerede
scanningsposition, end den indledende scanningsposition er, idet

destinationsscanningspositionen er malscanningspositionen.

5. Den oftalmiske indretning (10-1; 10-2) ifglge et hvilket som helst af kravene 1
til 3, hvor den oftalmiske indretning (10-1; 10-2) yderligere omfatter et
maldisplaymodul (6) indrettet til at vise et mal til individet for at rette
blikretningen af individets gje (38), og hvor nethindescanningspositions-
tilpasningsmodulet (4-1; 4-2) er indrettet til at tilpasse scanningspositionen af
belysningsmodulet (1-1; 1-2) pa nethinden til malscanningspositionen ved:
at bestemme en forskydningindikator som en indikation af en forskydning
mellem en designeret scanningsposition pa nethinden og en indledende
scanningsposition af en scanning udfgrt af belysningsmodulet (1-1; 1-2);
0g
at styre maldisplaymodulet (6), baseret pd den bestemte forskydnings-
indikator, for at vise malet for at rette blikket af individets gje (38) i en
blikretning, som bringer scanningspositionen af belysningsmodulet (1-1; 1-
2) til tilpasning med malscanningspositionen.

6. Den oftalmiske indretning (10-1; 10-2) ifglge et hvilket som helst foregdende
krav, hvor nethindescanningspositionsfastholdelsesmodulet (5-1; 5-2) er indrettet
til at fastholde scanningspositionen ved malscanningspositionen ved:
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at erhverve, som nethindekendetegnsinformationen, billeder af det
overvagede afsnit af nethinden, mens scanningen udfgres af belysnings-
modulet (1-1; 1-2);

at generere, som scanningspositionskorrektionsinformationen, indikationer
af respektive forskydninger mellem en designeret scanningsposition og
scanningspositioner af de erhvervede billeder pd nethinden; og

at styre belysningsmodulet (1-1; 1-2), baseret pa scanningspositions-
korrektionsinformationen, for at fastholde scanningspositionen ved

malscanningspositionen.

7. Den oftalmiske indretning (10-1; 10-2) ifglge et hvilket som helst af kravene 1
til 5, yderligere omfattende:

et maldisplaymodul (6) indrettet til at vise et mal til individet for at indstille
blikretningen af individets gje (38),
hvor nethindescanningspositionsfastholdelsesmodulet (5-1; 5-2) er
indrettet til at fastholde scanningspositionen ved malscanningspositionen
ved:
at erhverve, som nethindekendetegnsinformationen, billeder af det
overvagede afsnit af nethinden mens scanningen udfgres af
belysnings-modulet (1-1; 1-2);
at generere, som scanningspositionskorrektionsinformationen,
indikationer af respektive forskydninger mellem en designeret
scanningsposition og scanningspositioner af de erhvervede billeder pa
nethinden; og
at styre maldisplaymodulet (6), baseret pa
scanningspositionskorrektions- informationen, for at a&andre et
kendetegn af det viste mal for at fastholde blikretningen af individets
gje (38) og for at bevare scanningspositionen ved

malscanningspositionen.

8. Den oftalmiske indretning (10-1; 10-2) ifglge et hvilket som helst foregdende
krav, yderligere omfattende et maldisplaymodul (6) indrettet til at vise et mal til
individet for at indstille blikretningen af individets gje (38).
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9. Den oftalmiske indretning (10-1; 10-2) ifglge krav 8, hvor:

maldisplaymodulet (6) er indrettet til at vise et mal til individet for at
indstille blikretningen af individets gje (38) langs en midterblikretning;
pupiltilpasningsmodulet (2) er indrettet til at tilpasse pupillen af gjet (38)
med braendpunktet, mens maldisplaymodulet (6) viser malet for at indstille
blikretningen af individets gje (38) langs midterblikretningen; og
pupiltilpasningsfastholdelsesmodulet (3-1; 3-2) er indrettet til, efter
tilpasningen af pupillen med braendpunktet med pupiltilpasningsmodulet
(2), og mens maldisplaymodulet (6) viser malet for at indstille
blikretningen af individets gje (38) langs midterblikretningen, at overvage
positionen af pupillen i forhold til breendpunktet og at fastholde tilpasningen
af pupillen med braendpunktet baseret pa den overvagede position.

10. Den oftalmiske indretning (10-1; 10-2) ifglge krav 9, hvor:

nethindescanningspositionstilpasningsmodulet (4-1; 4-2) er indrettet til at
tilpasse scanningspositionen af belysningsmodulet (1-1; 1-2) pa nethinden
til malscanningspositionen, mens tilpasningen af pupillen med
braendpunktet fastholdes af pupiltilpasningsfastholdelsesmodulet (3-1; 3-
2), og mens maldisplaymodulet (6) viser malet for at indstille blikretningen
af individets gje (38) langs midterblikretningen; og
nethindescanningspositionsfastholdelsesmodulet (5-1; 5-2) er indrettet til
at fastholde scanningspositionen ved malscanningspositionen, mens
scanningen udfgres ved malscanningspositionen af belysningsmodulet (1-1;
1-2), og mens maldisplaymodulet (6) viser malet for at indstille
blikretningen af individet gje (38) langs midterblikretningen.

11. Den oftalmiske indretning (10-2) ifglge et hvilket som helst af kravene 1 til 3,

yderligere omfattende:

et billeddannelsesmodul (7) indrettet til at scanne lys over et andet omrade
af nethinden via braendpunktet og til at modtage lys reflekteret fra det
andet omrade, nar gjet (38) er placeret ved braendpunktet,

hvor nethindescanningspositionstilpasningsmodulet (4-2) er indrettet til at
tilpasse scanningspositionen af belysningsmodulet (1-2) pa nethinden til
malscanningspositionen, mens tilpasningen af pupillen med braendpunktet
fastholdes af pupiltilpasningsfastholdelsesmodulet (3-2), ved:
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at bestemme en forskydningsindikator som er en indikation af en
forskydning mellem en designeret scanningsposition af
billeddannelsesmodulet (7) pa nethinden og en indledende
scanningsposition af en scanning udfgrt af billeddannelsesmodulet (7); og
at styre billeddannelsesmodulet (7), baseret pa den bestemte
forskydningsindikator, for at bevaege scanningspositionen af
billeddannelsesmodulet (7) fra den indledende scanningsposition til en
destinationsscanningsposition, som er taettere pa den designerede
scanningsposition, end den indledende scanningsposition er, idet
malscanningspositionen af belysningsmodulet (1-2) er scanningspositionen
af belysningsmodulet (1-2), mens scanningspositionen af billeddannelses-
modulet (7) er destinationsscanningspositionen, hvor scanningspositionen
af belysningsmodulet (1-2) har et forudbestemt positionsforhold med
scanningspositionen af billeddannelsesmodulet (7) under samtidig drift af
belysningsmodulet (1-2) og billeddannelsesmodulet (7).

12. Den oftalmiske indretning (10-2) ifglge krav 11, hvor nethindescannings-
positionsfastholdelsesmodulet (5-2) er indrettet til at fastholde
scanningspositionen af belysningsmodulet (1-2) ved malscanningspositionen ved,
mens tilpasningen af pupillen med braendpunktet fastholdes af pupiltilpasnings-
fastholdelsesmodulet (3-2) og under udfgrelsen af scanningen ved
malscanningspositionen af belysningsmodulet (1-2), at udfgre processer til:

at erhverve fra billeddannelsesmodulet (7), som nethindekendetegns-

informationen, en sekvens af billeder af nethinden ved destinations-

scanningspositionen;

at bearbejde sekvensen af billeder erhvervet af billeddannelsesmodulet (7)

for at generere scanningspositionskorrektionsinformationen; og

at fastholde scanningspositionen af billeddannelsesmodulet ved

destinationsscanningspositionen under anvendelse af den genererede

scanningspositionskorrektionsinformation.

13. Den oftalmiske indretning (10-2) ifglge krav 12, hvor nethindescannings-
positionsfastholdelsesmodulet (5-2) er indrettet til at fastholde

scanningspositionen af belysningsmodulet (1-2) ved malscanningspositionen ved:
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at bearbejde den erhvervede sekvens af billeder for, som
scanningspositionskorrektionsinformationen, at generere nethindepositions-
sporingsinformation, som er en indikation af en bevaegelse nethinden under
erhvervelsen af sekvensen af billeder, idet sekvensen af billeder bearbejdes
ved:
(i) at modtage mindst et billede af nethinden;
(ii) at beregne en krydskorrelation mellem et referencebillede og et
billede baseret pa det mindst ene modtagne billede for at opna en
forskydning mellem billedet og referencebilledet; og
at gentage processerne (i) og (ii) for, som nethindepositionssporings-
informationen, at erhverve respektive forskydninger for billederne i
sekvensen; og
at fastholde scanningspositionen af billeddannelsesmodulet (1-2) under

anvendelse af den erhvervede nethindesporingsinformation.

14. Den oftalmiske indretning (10-2) ifglge et hvilket som helst af kravene 11 til
13, yderligere omfattende et maldisplaymodul (6) indrettet til at vise et mal til
individet for at indstille blikretningen af individet gje (38) langs en
midterblikretning.

15. Den oftalmiske indretning (10-2) ifalge et hvilket som helst af kravene 11 il
14, hvor billeddannelsesmodulet (7) omfatter et scanningslaseroftalmoskop, og
belysningsmodulet (1-2) er yderligere indrettet til at modtage lys reflekteret fra
omradet af nethinden for at erhverve et billede af omradet, idet
belysningsmodulet (1-2) omfatter en af en optisk kohaerenstomografi-
billeddannelsesindretning, et scanningslaseroftalmoskop med hgj densitet og et
konfokalt scanningslaseroftalmoskop med hgj densitet.

16. Fremgangsmade til at betjene en oftalmisk indretning (10-1; 10-2) med et
belysningsmodul (1-1; 1-2) indrettet til at scanne lys over et omrade af nethinden
af et individs gje (38) for at belyse naevnte omrade, hvilken fremgangsmade
omfatter processer til:
at tilpasse pupillen af gjet med et breendpunkt af belysningsmodulet (1-1;
1-2);
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efter tilpasningen af pupillen med brandpunktet, at overvage en position af
pupillen i forhold til braendpunktet og at fastholde tilpasningen af pupillen
med braendpunktet baseret pd den overvagede position;
at udfgre, mens tilpasningen af pupillen med braendpunktet fastholdes
baseret pa den overvagede position, processer til:
at tilpasse en scanningsposition af belysningsmodulet (1-1; 1-2) pa
nethinden til en malscanningsposition; og
at fastholde scanningspositionen ved malscanningspositionen, ved:
at erhverve nethindekendetegnsinformation fra et overvaget
afsnit af nethinden;
at bearbejde den erhvervede nethindekendetegnsinformation for
at generere scanningspositionskorrektionsinformationen; og
at fastholde scanningspositionen ved malscanningspositionen
under anvendelse af den genererede
scanningspositionskorrektionsinformation; og
at udfgre en scanning ved malscanningspositionen for at belyse et omrade
af nethinden ved malscanningspositionen, mens scanningspositionen
fastholdes ved malscanningspositionen under anvendelse af den

genererede scanningspositionskorrektionsinformation.

17. Fremgangsmaden ifglge krav 16, hvor pupillen af gjet (38) tilpasses

braendpunktet ved overvagning af positionen af pupillen i forhold til breendpunktet

0g:

baseret pa den overvagede position, at tilpasse braendpunktet af
belysningsmodulet (1-1; 1-2) for at bringe braandpunktet til tilpasning med
pupillen; eller
at generere, baseret pa den overvagede position, mindst et af:
signaler som far individet til at bevaege gjet, saledes at pupillen
bringes til tilpasning med braendpunktet; og
signaler som far en operatgr af den oftalmiske indretning (10-1; 10-2)
til at styre breendpunktet af belysningsmodulet (1-1; 1-2) for at
bringe braendpunktet til tilpasning med pupillen.
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18. Fremgangsmaden ifglge krav 16 eller krav 17, hvor tilpasningen af pupillen
med braendpunktet fastholdes ved at overvage positionen af pupillen i forhold til
braendpunktet og:
at tilpasse braendpunktet af belysningsmodulet (1-1; 1-2), baseret pa den
5 overvagede position, for at fastholde tilpasningen; eller
at generere, baseret pa den overvagede position, mindst et af:
signaler som far individet til at bevaege gjet for at fastholde
tilpasningen; og
signaler som far en operatgr af den oftalmiske indretning (10-1; 10-2)
10 til at styre breendpunktet af belysningsmodulet (1-1; 1-2) for at
fastholde tilpasningen.

19. Fremgangsmaden ifglge et hvilket som helst af krav 16 til krav 18, hvor
scanningspositionen af belysningsmodulet (1-1; 1-2) p& nethinden tilpasses
15 malscanningspositionen ved:
at bestemme en forskydningsindikator som er en indikation af en
forskydning mellem en designeret scanningsposition pa nethinden og en
indledende scanningsposition af en scanning udfgrt af belysningsmodulet;
og
20 at styre belysningsmodulet (1-1; 1-2), baseret pa den bestemte
forskydningsindikator, for at bevaege scanningspositionen af belysnings-
modulet (1-1; 1-2) fra den indledende scanningsposition til en
destinationsscanningsposition, som er taettere pa den designerede
scanningsposition, end den indledende scanningsposition er, idet

25 destinationsscanningspositionen er malscanningspositionen.

20. Fremgangsmaden ifglge et hvilket som helst af kravene 16 til 18, hvor den

oftalmiske indretning (10-2) yderligere omfatter et billeddannelsesmodul (7)

indrettet til at scanne lys over et andet omrade af nethinden via braendpunktet og
30 at modtage lys reflekteret fra det andet omrade, nar gjet (38) er placeret ved

braendpunktet, og fremgangsmaden omfatter, mens tilpasningen af pupillen med

braendpunktet fastholdes baseret pa den overvagede position:

at indstille scanningspositionen af belysningsmodulet (1-1; 1-2) pa nethinden til

malscanningspositionen ved:
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at bestemme en forskydningsindikator som er en indikation af en
forskydning mellem en designeret scanningsposition af billeddannelses-
modulet (7) pa nethinden og en indledende scanningsposition af en
scanning udfgrt af billeddannelsesmodulet (7); og

at styre billeddannelsesmodulet (7), baseret pa den bestemte
forskydningsindikator, for at bevaege scanningspositionen af
billeddannelsesmodulet (7) fra den indledende scanningsposition til en
destinationsscanningsposition, som er taettere pa den designerede
scanningsposition, end den indledende scanningsposition er, idet
malscanningspositionen af belysningsmodulet (7) er scanningspositionen af
belysningsmodulet (1-1; 1-2), mens scanningspositionen af
billeddannelsesmodulet (7) er destinationsscanningspositionen, hvor
scanningspositionen af belysningsmodulet (1-1; 1-2) har et forudbestemt
positionsforhold til scanningspositionen af billeddannelsesmodulet (7) under
samtidig drift af belysningsmodulet (1-1; 1-2) og billeddannelsesmodulet
(7).
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