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SLIT LAMP MICROSCOPE

TECHNICAL FIELD

[0001] The present disclosure relates to a slit lamp micro-
scope.

BACKGROUND OF THE INVENTION
[0002] Diagnostic imaging serves an important role in the

field of ophthalmology. Diagnostic imaging uses various
kinds of ophthalmic imaging apparatuses. Types of
examples of ophthalmic imaging apparatuses include a slit
lamp microscope, a fundus camera, a scanning laser oph-
thalmoscope (SLO), an optical coherence tomography
(OCT) apparatus, and so forth.

[0003] A slit lamp microscope is the most widely and
frequently utilized apparatuses among such various kinds of
ophthalmic apparatuses. A slit lamp microscope is used for
illuminating a subject’s eye with slit light and observing
and/or photographing the illuminated cross section from an
oblique or side position with a microscope (see, for example,
following Patent Documents 1 and 2).

[0004] One of the main uses of a slit lamp microscope is
observation of anterior eye segments. When observing an
anterior eye segment, a doctor observes an entire anterior
eye segment while moving the focal position and the area
illuminated by slit light, thereby determining the presence or
absence of abnormality. Further, a slit lamp microscope may
also be used for prescription of vision correction devices
such as for checking of a fitting state of a contact lens. In
addition, a slit lamp microscope may also be used by a
person, such as an optometrist, allied health professional, or
a clerk in an optician’s store, who is not a medical doctor in
order to conduct screening and follow-ups (follow-up obser-
vations) for eye diseases or the like.

[0005] Recent advances in information and communica-
tion technology have been enhancing the progress of
research and development related to telemedicine. Tele-
medicine is the act of using communication networks such
as the Internet to provide medical care (diagnosis, treatment)
to patients in remote locations. Techniques for operating a
slit lamp microscope from a remote location are disclosed in
the following Patent Documents 3 and 4.

[0006] Acquisition of an appropriate image using a slit
lamp microscope requires fine and complicated operations
such as illumination angle adjustment and photographing
angle adjustment. The techniques disclosed in Patent Docu-
ments 3 and 4 require an examiner, who is at a remote
location, to conduct operations that are difficult even in the
case where the examiner is observing the eyes of a subject
face to face. This causes problems such as prolongation of
examination time length and impossibility of acquisition of
good images.

[0007] While slit lamp microscopes are useful and effec-
tive for screening, follow-ups, and other examinations as
described above, a current problem is that shortage of
persons who are skilled in operating slit lamp microscopes
makes it impossible for high quality slit lamp microscope
examinations to be provided to many people.

[0008] Furthermore, in telemedicine and screening, it is
often the case that the doctor who conducts image interpre-
tation (image diagnosis) is not present at the location where
photography is performed. If this is the case, there is a
possibility (risk) that the doctor may be provided with an
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image that is not suitable for image interpretation. Consid-
ering the difficulty of operation and the long length of time
required for photographing, it is supposed that this problem
is more likely to occur with slit lamp microscopes.

[0009] In a follow-up, the same site (part, portion, area,
region, etc.) of the subject’s eye is repeatedly examined.
Follow-ups in the field of ophthalmology present a unique
problem in that it is difficult to examine the same site due to
the effects of eye movements. The techniques described in
Patent Documents 5 to 7 are known as techniques that can
be used to address this problem.

[0010] The invention described in Patent Document 5 is
intended to smoothly detect misalignment between images
including rotational movement, and is configured to detect
the amount of misalignment between images by performing
position matching between a plurality of small area images
cut out from these images.

[0011] The invention described in Patent Document 6 is
intended to continuously measure the same site of the
subject’s eye, and is configured to detect the shift in the scan
position by projecting an auxiliary light beam onto the
subject’s eye and detecting the auxiliary light beam return-
ing from the subject’s eye while scanning the subject’s eye
with a measurement light beam, and to correct the scan
position of the measurement light beam as necessary based
on the result of the detection of the scan position shift.
Furthermore, the invention described in Patent Document 6
is also capable of using template matching on the basis of a
characteristic region (feature region) in a front image in
order to perform detection of the scan position shift.
[0012] The invention described in Patent Document 7 is
intended to achieve accurate projection of a light beam onto
a target position regardless of eye movements, and is con-
figured to perform detection of angle of view information of
the scan light and misalignment information (positional shift
information, positional deviation information, positional
error information, or the like) of the subject’s eye based on
a front image, and correction of the scan position on the
basis of these pieces of information detected.

[0013] It can be said that it is very important to know the
accuracy and precision of follow-up photography, that is, to
obtain information on the error in the photographing posi-
tion (imaging area) in a follow-up. In other words, it can be
said that it is very important, in order to make a correct
diagnosis, to consider whether or not follow-up photography
has been conducted in a proper manner, and further to what
degree of accuracy and precision the follow-up photography
has been conducted. However, conventional techniques have
not been able to provide an assessment of the degree of the
error in follow-up photography in a way that is useful to a
user.

[0014] For example, the technique described in Patent
Document 5 is only capable of detecting the amount of
misalignment between images, but cannot provide a user
with the meaning of the detected misalignment and whether
or not the follow-up photography has been performed appro-
priately. Therefore, this user has no choice but to make
his/her own judgment of the meaning of the misalignment
and the appropriateness of the follow-up photography based
on the misalignment detected. However, the error in the scan
start point in follow-up photography is usually on the order
of millimeters or less, making it difficult to make a visual
judgment on whether or not the follow-up photography has
been properly performed. Making such a judgment is not
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easy, not only for an unskilled person but also for a skilled
doctor. In addition, while there are various forms of mis-
alignments, such as parallel misalignments and rotational
misalignments, it has been impossible to conduct misalign-
ment assessments at least from the perspective of appropri-
ateness of follow-up photography.

[0015] The technique described in Patent Document 6 and
the technique described in Patent Document 7 both are
configured to correct the scan position by detecting the
misalignment while performing photography. Therefore,
even if this correction is made, the shift in the scan position
(the error in the follow-up photography) still remains.
Accordingly, these conventional techniques are unable to
provide suitable assessment of the degree of error in follow-
up photography.

PRIOR ART DOCUMENTS

Patent Documents

[0016] [PATENT DOCUMENT 1] Japanese Unexamined
Patent Application Publication No. 2016-159073

[0017] [PATENT DOCUMENT 2] Japanese Unexamined
Patent Application Publication No. 2016-179004

[0018] [PATENT DOCUMENT 3] Japanese Unexamined
Patent Application Publication No. 2000-116732

[0019] [PATENT DOCUMENT 4] Japanese Unexamined
Patent Application Publication No. 2008-284273

[0020] [PATENT DOCUMENT 5] Japanese Unexamined
Patent Application Publication No. 2011-50430

[0021] [PATENT DOCUMENT 6] Japanese Unexamined
Patent Application Publication No. 2011-115507

[0022] [PATENT DOCUMENT 7] Japanese Unexamined
Patent Application Publication No. 2011-212213

BRIEF SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0023] An objective of the present disclosure is to provide
a useful assessment of errors in follow-up photography.

Means for Solving the Problem

[0024] A slit lamp microscope of an embodiment example
includes an image acquiring unit, a memory, and a misalign-
ment information acquiring processor. The image acquiring
unit is configured to acquire an image by applying a scan
with slit light to an anterior segment of a subject’s eye. The
memory stores a first image of the anterior segment, and a
second image that is acquired by follow-up photography
performed by the image acquiring unit with reference to the
first image. The misalignment information acquiring pro-
cessor is configured to acquire misalignment information
between the first image and the second image by analyzing
the first image and the second image after the follow-up
photography.

Effect of the Invention

[0025] The embodiment example according to the present
disclosure is capable of providing a useful assessment of
errors in follow-up photography.

Sep. 28, 2023

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0026] FIG. 1A is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0027] FIG. 1B is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0028] FIG. 2A is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0029] FIG. 2B is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0030] FIG. 3 is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0031] FIG. 4A is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0032] FIG. 4B is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0033] FIG. 4C is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0034] FIG. 4D is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0035] FIG. 5A is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0036] FIG. 5B is a schematic diagram for describing
construction of an inference model for a slit lamp micro-
scope according to an aspect example.

[0037] FIG. 5C is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0038] FIG. 5D is a schematic diagram illustrating a
configuration of a slit lamp microscope according to an
aspect example.

[0039] FIG. 6 is a schematic diagram illustrating a con-
figuration of a slit lamp microscope according to an aspect
example.

[0040] FIG. 7A is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0041] FIG. 7B is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0042] FIG. 7C is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0043] FIG. 7D is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0044] FIG. 8A is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0045] FIG. 8B is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.
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[0046] FIG. 8C is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0047] FIG. 8D is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0048] FIG. 9 is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0049] FIG. 10 is a schematic diagram illustrating a con-

figuration of an optical system of a slit lamp microscope
according to an aspect example.

[0050] FIG. 11 is a schematic diagram for describing an
operation of a slit lamp microscope according to an aspect
example.

[0051] FIG. 12 is a flowchart illustrating an operation of a
slit lamp microscope according to an aspect example.
[0052] FIG. 13 is a flowchart illustrating an operation of a
slit lamp microscope according to an aspect example.
[0053] FIG. 14 is a flowchart illustrating an operation of a
slit lamp microscope according to an aspect example.

DETAILED DESCRIPTION OF THE
INVENTION

[0054] Some aspect examples will be described in detail
with referring to the drawings. It should be noted that any
known techniques or technologies such as any of the matters
or items disclosed in the documents cited herein may be
combined with the aspect examples. In addition, the entire
disclosures of any of other patent applications filed by the
present applicant may be incorporated into the present
disclosure. For example, at least part of the disclosures of the
patent applications relating to a slit lamp microscope filed by
the present applicant, at least part of the disclosures of the
patent applications relating to a system that includes a slit
lamp microscope filed by the present applicant, or at least
part of the disclosures of the applications relating to a system
connectable to a slit lamp microscope filed by the present
applicant, may be incorporated into the present disclosure.
[0055] The slit lamp microscope according to some aspect
examples may be a stationary type or a portable type. The
slit lamp microscope according to some aspect examples
may be used in situations and/or environments where no
technical experts (skilled persons) relating to the concerned
apparatus and/or the concerned examination are present in
that location. The slit lamp microscope according to some
aspect examples may also be used in situations and/or
environments where a skilled person is present in that
location, or in situations and/or environments where a
skilled person can provide monitoring, give instructions,
and/or conduct an apparatus operation, from a remote loca-
tion. Examples of the facility in which the slit lamp micro-
scope according to some aspect examples is installed include
an optician’s store, an optometrist’s office, a health facility,
a medical institution, a health check and screening venue, a
patient’s home, a welfare facility, a public facility, a medical
examination vehicle, and so forth.

[0056] The apparatus or system according to some aspect
examples has at least the function of a slit lamp microscope,
and may further have optional functions such as a photo-
graphing or imaging function (modality function) with an
apparatus other than a slit lamp microscope, an ocular
characteristic measurement function, and an analysis func-
tion.
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[0057] The ophthalmic system according to some aspect
examples (first ophthalmic system) may include one or more
slit lamp microscopes, one or more information processing
apparatuses, and one or more image interpretation computer
terminals, and may be used for telemedicine, for example.
The slit lamp microscope may be a slit lamp microscope
according to any aspect example, or may be a slit lamp
microscope including at least part of a slit lamp microscope
according to any aspect example. The information process-
ing apparatus is configured to receive an image acquired by
the slit lamp microscope and transmit the image to the image
interpretation computer terminal. In addition, the informa-
tion processing apparatus may have a function of managing
images acquired by the slit lamp microscope(s). Note that
the first ophthalmic system may not include any information
processing apparatus and an image may be transmitted from
the slit lamp microscope to the image interpretation com-
puter terminal. The image interpretation computer terminal
is a computer used by a doctor (typically, a specialist such
as an ophthalmologist or a medical image interpreter) to
conduct interpretation of an image acquired by the slit lamp
microscope. Here, the interpretation is an act of observing an
image to obtain medical findings. Information entered into
the image interpretation computer terminal by the person
who has conducted the image interpretation may, for
example, be converted by the image interpretation computer
terminal or another computer into an image interpretation
report or electronic medical record information and then
transmitted to the information processing apparatus. Another
aspect example may be configured in such a manner that
information entered by a person who has conducted image
interpretation is received by the image interpretation com-
puter terminal and the information received is transmitted to
the information processing apparatus by the image interpre-
tation computer terminal. Then, the information transmitted
from the image interpretation computer terminal is received
by the information processing apparatus and an image
interpretation report or electronic medical record informa-
tion are generated from the received information by the
information processing apparatus or another computer. The
information processing apparatus may include a function of
managing image interpretation reports or electronic medical
record information. In addition, the information processing
apparatus may include a function of transferring image
interpretation reports or electronic medical record informa-
tion to another apparatus or another medical system (e.g., an
electronic medical record system).

[0058] An ophthalmic system according to another aspect
example (second ophthalmic system) may include one or
more slit lamp microscopes, one or more information pro-
cessing apparatuses, and one or more image interpretation
apparatuses. At least one of the slit lamp microscope and the
information processing apparatus may be the same as or
similar to that (those) of the first ophthalmic system. The
second ophthalmic system may not include any information
processing apparatus and an image may be transmitted from
the slit lamp microscope to the image interpretation appa-
ratus. The image interpretation apparatus is a computer
configured to perform interpretation processing of an image
acquired by the slit lamp microscope, using an artificial
intelligence engine (inference engine, inference model,
trained model (learned model), etc.) and/or an image pro-
cessing processor configured to operate according to a
predetermined program. The image interpretation apparatus
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or another computer is capable of generating an image
interpretation report or electronic medical record informa-
tion from information derived from the image by the image
interpretation apparatus. The image interpretation report or
electronic medical record information generated may be
transmitted to the information processing apparatus. In
another example, information derived from the image by the
image interpretation apparatus may be transmitted to the
information processing apparatus. In this case, the informa-
tion processing apparatus or another computer may generate
an image interpretation report or electronic medical record
information from the information derived from the image by
the image interpretation apparatus. In yet another example,
information derived from the image by the image interpre-
tation apparatus and/or information generated based on this
information (e.g., image interpretation report, electronic
medical record information, etc.) may be provided to a
doctor as diagnosis support information.

[0059] An ophthalmic system according to yet another
aspect example (third ophthalmic system) may include one
or more slit lamp microscopes and one or more information
processing apparatuses. The slit lamp microscope may be
the same as or similar to that of the first ophthalmic system.
The information processing apparatus may be the same as or
similar to that of the first ophthalmic system and/or that of
the second ophthalmic system. In other words, the informa-
tion processing apparatus may be configured to be capable
of performing data communication with the image interpre-
tation computer terminal of the first ophthalmic system or a
computer similar to this image interpretation computer ter-
minal, and/or, may be configured to be capable of perform-
ing data communication with the image interpretation appa-
ratus of the second ophthalmic system or a computer similar
to this image interpretation apparatus.

[0060] The slit lamp microscopes and the ophthalmic
systems according to some aspect examples can be used for
telemedicine. As mentioned above, acquisition of an eligible
image (good image, satisfactory image) using a slit lamp
microscope is not an easy task. In addition, effective image
interpretation and diagnosis require acquisition of an image
of'a wide area of an anterior eye segment “in advance”. For
these reasons, it can be said that effective telemedicine using
slit lamp microscopes has not been achieved. Some aspect
examples can provide technologies and techniques that
contribute to the achievement (realization, implementation)
of effective telemedicine with slit lamp microscopes. How-
ever, the use of some aspect examples is not limited to
telemedicine, and some aspect examples may also be
applied to other uses. In particular, intended uses of the
present disclosure include follow-ups using a slit lamp
microscope.

[0061] The slit lamp microscope according to some aspect
examples can be used to acquire a series of images (image
group, image set) that represents a wide area of an anterior
eye segment with satisfactory image quality.

[0062] Some aspect examples are also focused on the
following problems. Some application modes or implemen-
tation modes (e.g., telemedicine) of some aspect examples
are operated to provide a series of images (image group,
image set) acquired from a sufficiently wide area of an
anterior eye segment by a slit lamp microscope directly or
indirectly to a person who conducts image interpretation.
Therefore, performing re-photographing is difficult even
when the quality of a series of images provided is low, thus
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there is a risk of yielding, as a result, problematic cases such
as the following events: image interpretation cannot be
conducted at all; or only inadequate image interpretation can
be conducted. Accordingly, acquisition of images with “sat-
isfactory” quality “in advance” is required. More specifi-
cally, it is desired to collectively acquire a series of images
having a quality that enables effective diagnosis (e.g., effec-
tive image interpretation) before providing the series of
images to a person who conducts image interpretation.
However, considering the occurrence of blinking and eye
movements during photographing in addition to difficulty of
operating slit lamp microscopes, it is extremely difficult to
obtain a series of images that represents an entire target area
for observation and image interpretation with satisfactory
image quality. The present disclosure also considers address-
ing these issues.

[0063] Hereinafter, some aspect examples will be
described. Any two or more of these aspect examples may
be combined at least in part. Further, any known technique
or technology may further be combined with such a com-
bination. In addition, any modifications (e.g., replacements,
omissions, etc.) on the basis of any known technique or
technology may be applied to such a combination.

[0064] At least one or more of the functions of the
elements described in the present disclosure are imple-
mented by using a circuit configuration (circuitry) or a
processing circuit configuration (processing circuitry). The
circuitry or the processing circuitry includes any of the
following options, all of which are configured and/or pro-
grammed to execute at least one or more functions disclosed
herein: a general purpose processor, a dedicated processor,
an integrated circuit, a central processing unit (CPU), a
graphics processing unit (GPU), an application specific
integrated circuit (ASIC), a programmable logic device
(e.g., a simple programmable logic device (SPLD), a com-
plex programmable logic device (CPLD), or a field pro-
grammable gate array (FPGA)), an existing or conventional
circuit configuration or circuitry, and any combination of
these. A processor is considered to be processing circuitry or
circuitry that includes a transistor and/or another circuitry. In
the present disclosure, circuitry, a unit, a means, or a term
similar to these is hardware that executes at least one or
more functions disclosed herein, or hardware that is pro-
grammed to execute at least one or more functions disclosed
herein. Hardware may be the hardware disclosed herein, or
alternatively, known hardware that is programmed and/or
configured to execute at least one or more functions
described herein. In the case in which the hardware is a
processor, which may be considered as a certain type of
circuitry, then circuitry, a unit, a means, or a term similar to
these is a combination of hardware and software. In this
case, the software is used to configure the hardware and/or
the processor.

<Configuration of Slit Lamp Microscope>

[0065] FIG. 1A and FIG. 1B show a configuration of a slit
lamp microscope according to one aspect example. FIG. 1A
shows an example of the overall configuration of the slit
lamp microscope 1, and FIG. 1B shows an example of the
configuration of the data processor 8 of the slit lamp
microscope 1. The slit lamp microscope 1 may be used for
a follow-up of the subject’s eye E. In FIG. 1A, the cornea of
the subject’s eye E is denoted by the reference character C,
the crystalline lens is denoted by the reference character CL,
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the iris is denoted by the reference character IR, and the
corner angle is denoted by the reference character CA.
[0066] The slit lamp microscope 1 includes the illumina-
tion system 2, the photography system 3, the movement
mechanism 6, the controller 7, the data processor 8, the
communication device 9, and the memory 10. The slit lamp
microscope 1 may be a single apparatus, or may also be a
system that includes two or more apparatuses. In the case
where the slit lamp microscope 1 is configured as a system,
the slit lamp microscope 1 may include a main apparatus, a
computer, and a communication interface. Here, the main
apparatus may include the illumination system 2, the pho-
tography system 3, and the movement mechanism 6, the
computer may include the controller 7, the data processor 8,
and the communication device 9, and the communication
interface may perform data communication between the
main apparatus and the computer. This computer may be
installed together with the main apparatus, for example, or
may also be installed on a network. Examples of this
computer include the above-described information process-
ing apparatus, image interpretation computer terminal, and
image interpretation apparatus.

<[llumination System 2>

[0067] The illumination system 2 projects slit light onto
the anterior segment of the subject’s eye E. The reference
character 2a denotes the optical axis of the illumination
system 2 that is referred to as the illumination optical axis.
The illumination system 2 may have the same or similar
configuration as or to the illumination system of a conven-
tional slit lamp microscope. An example of the illumination
system 2 includes an illumination light source, a positive
lens, a slit forming member, and an objective lens in the
order from the side far from the subject’s eye E (not shown
in the drawings).

[0068] The illumination light source outputs (emits) illu-
mination light. The illumination system 2 may include a
plurality of illumination light sources. For example, the
illumination system 2 may include both an illumination light
source that outputs continuous light or steady light, and an
illumination light source that outputs flash light. Further, the
illumination system 2 may include both an illumination light
source for anterior segment illumination and an illumination
light source for posterior segment illumination. Further-
more, the illumination system 2 may include two or more
illumination light sources with mutually different output
wavelengths. A typical example of the illumination system
2 includes a visible light source as an illumination light
source. The illumination system 2 may also include an
infrared light source. The illumination light output from the
illumination light source passes through the positive lens
and is projected onto the slit forming member.

[0069] The slit forming member passes a part of the
illumination light to generate slit light. A typical example of
the slit forming member has a pair of slit blades. The width
of the region through which the illumination light passes is
changed by changing the interval between the slit blades,
and the width of the slit light is changed accordingly. The
region through which the illumination light passes is
referred to as a slit, and the interval between the slit blades
is referred to as a slit width. Further, the slit forming member
may be configured to be capable of changing the length of
the slit light. The length of the slit light is a size of a cross
section of the slit light along the direction orthogonal to the

Sep. 28, 2023

cross sectional width direction of the slit light. Here, the
cross sectional width direction corresponds to the slit width.
The width of the slit light and the length of the slit light of
some typical examples are represented as the size (dimen-
sions) of a projected image on the anterior segment formed
by the slit light; however, possible representations of the
width and length of the slit light are not limited to these
examples. For example, the width of the slit light and the
length of the slit light may be represented as the size of the
cross section of the slit light at a freely selected or deter-
mined position, or as the size of the slit formed by the slit
forming member.

[0070] The slit light generated by the slit forming member
is refracted by the objective lens and is projected onto the
anterior segment of the subject’s eye E.

[0071] The illumination system 2 may further include a
focus mechanism configured for changing the focal position
of the slit light. The focus mechanism may be configured to
move the objective lens along the illumination optical axis
2a, for example. The movement of the objective lens may be
carried out automatically and/or manually. Another focus
mechanism may be configured to change the focal position
of the slit light by: preparing and disposing a focusing lens
at a position in the illumination optical axis 2a between the
objective lens and the slit forming member; and moving the
focusing lens along the illumination optical axis 2a.
[0072] Note that FIG. 1A is a top view. As shown in FIG.
1A, the direction along the axis of the subject’s eye E is
defined as the Z direction in the present aspect example. Of
the directions orthogonal to the Z direction, the left-right
direction (or, the lateral direction) for the subject is defined
as the X direction. The direction orthogonal to both the X
direction and the Z direction is defined as the Y direction. In
some typical examples, the X direction is the direction from
one of the left eye and the right eye toward the other, and the
Y direction is the direction parallel to the body axis of the
subject (body axis direction).

<Photography System 3>

[0073] The photography system 3 is configured to perform
photography of the anterior segment while the slit light from
the illumination system 2 is being projected onto the anterior
segment. The reference character 3a denotes the optical axis
of the photography system 3 that is referred to as the
photography optical axis. The photography system 3 of the
present aspect example includes the optical system 4 and the
image sensor 5.

[0074] The optical system 4 is configured to direct light
coming from the anterior segment of the subject’s eye E onto
which the slit light is being projected, to the image sensor 5.
The image sensor 5 includes a light detecting plane that
receives the light directed by the optical system 4.

[0075] The light directed by the optical system 4, that is,
the light coming from the anterior segment of the subject’s
eye E, contains return light of the slit light being projected
onto the anterior segment, and may further contain other
kinds of light. Examples of the return light include reflected
light of the slit light, scattered light of the slit light, and
fluorescence induced by the slit light. Examples of the other
kinds of light include light from the environment, such as
indoor light (room light) and sunlight. In the case where
another illumination system different from the illumination
system 2 is provided as an anterior segment illumination
system for illuminating the entire anterior segment, return
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light of the anterior segment illumination light emitted by
the anterior segment illumination system is contained in the
light directed by the optical system 4.

[0076] The optical system 4 may have the same or similar
configuration as or to the photography system of a conven-
tional slit lamp microscope. For example, the optical system
4 includes an objective lens, a variable magnification optical
system, and an imaging lens in the order from the side closer
to the subject’s eye E. The light coming from the anterior
segment of the subject’s eye E onto which the slit light is
being projected, passes through the objective lens and the
variable magnification optical system, and then forms an
image on the light detecting plane of the image sensor 5 by
the imaging lens.

[0077] The image sensor 5 may be an area sensor that has
a two dimensional image detecting area. The image sensor
5 may be, for example, a charge-coupled device (CCD)
image sensor or a complementary metal oxide semiconduc-
tor (CMOS) image sensor.

[0078] The photography system 3 may further include a
focus mechanism configured for changing the focal position
of the photography system 3. The focus mechanism may be
configured to move the objective lens along the photography
optical axis 3a, for example. The movement of the objective
lens may be carried out automatically and/or manually. Note
that a focusing lens may be prepared and disposed at a
position in the photography optical axis 3a between the
objective lens and the imaging lens, and also the focus
mechanism may be configured to be capable of moving the
focusing lens along the photography optical axis 3a, thereby
changing the focal position of the photography system 3.
[0079] The illumination system 2 and the photography
system 3 function as a Scheimpflug camera. More specifi-
cally, the illumination system 2 and the photography system
3 are configured in such a manner that the subject plane
along the illumination optical axis 24, the optical system 4,
and the light detecting plane of the image sensor 5 satisfy
what is commonly referred to as the Scheimpflug condition.
More specifically, the YZ plane passing through the illumi-
nation optical axis 2a (the YZ plane contains the subject
plane), the principal plane of the optical system 4, and the
light detecting plane of the image sensor 5 intersect on the
same straight line. As a result of this, photographing can be
performed with all positions in the subject plane in focus. In
other words, photographing can be performed with all
positions in the direction along the illumination optical axis
24 in focus.

[0080] In the present aspect example, photography is
performed under the condition in which a three dimensional
region that includes at least a part of a predetermined site of
the anterior segment is in focus of the photography system
3, for example. As for the z direction, for example, photog-
raphy may be performed under the condition in which the
focus of the photography system 3 is on the entire area from
the apex of the anterior surface of the cornea C (Z=71) to the
apex of the posterior surface of the crystalline lens CL
(Z=72). Note that the location Z=70 corresponds to the Z
coordinate of the intersection of the illumination optical axis
2a and the photography optical axis 3a.

[0081] The condition described above is typically imple-
mented by the configuration and arrangement of the ele-
ments included in the illumination system 2, the configura-
tion and arrangement of the elements included in the
photography system 3, and the relative positions between
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the illumination system 2 and the photography system 3. A
parameter indicating the relative positions of the illumina-
tion system 2 and the photography system 3 may include the
angle 6 formed by the illumination optical axis 2a and the
photography optical axis 3a, for example. The value of the
angle 6 may be set to 17.5 degrees, 30 degrees, or 45
degrees, for example. The angle 6 may be variable.

<Movement Mechanism 6>

[0082] The movement mechanism 6 is configured to move
the illumination system 2 and the photography system 3. The
movement mechanism 6 includes, for example, a movable
stage, an actuator, and a mechanism. The illumination sys-
tem 2 and the photography system 3 are placed on the
movable stage. The actuator is configured to operate in
accordance with a control signal input from the controller 7.
The mechanism is configured to receive driving force gen-
erated by the actuator and move the movable stage. In
another example, the movement mechanism 6 may include
a movable stage on which the illumination system 2 and the
photography system 3 are placed, and a mechanism config-
ured to receive force applied to an operation device (not
shown in the drawings) and move the movable stage. The
operation device is a lever, for example. The movable stage
may be movable at least in the X direction and may be
further movable in at least one of the Y direction and the Z
direction.

[0083] The movement mechanism 6 of the present aspect
example is configured to move the illumination system 2 and
the photography system 3 together with each other in the X
direction, for example. In other words, the movement
mechanism 6 moves the illumination system 2 and the
photography system 3 in the X direction while maintaining
the state in which the above-mentioned Scheimpflug con-
dition is satisfied. In parallel with this movement, the
photography system 3 performs moving image photography
at a predetermined time interval (photographing rate, acqui-
sition rate), for example. As a result of this, a three dimen-
sional region of the anterior segment of the subject’s eye E
is scanned with the slit light, and a plurality of images (an
image group) corresponding to the plurality of cross sections
in the three dimensional region are collected.

[0084] In some typical examples, the longitudinal direc-
tion (length direction) of the slit light projected onto the
anterior segment by the illumination system 2 matches the Y
direction, and the lateral direction (width direction) thereof
matches the X direction. Further, the movement mechanism
6 is operated to move the illumination system 2 and the
photography system 3 together with each other in the X
direction. In other words, the movement mechanism 6
moves the illumination system 2 and the photography sys-
tem 3 in such a manner that the slit light projected onto the
anterior segment by the illumination system 2 moves in the
width direction of the slit light. This makes it possible to
simply and efficiently scan the three dimensional region of
the anterior segment. Note that the combination of the
orientation of the slit light and the direction of movement
may be freely determined.

<Controller 7>

[0085] The controller 7 is configured to control each part
of the slit lamp microscope 1. For example, the controller 7
controls elements of the illumination system 2 (e.g., illumi-
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nation light source, slit forming member, focus mechanism,
etc.), elements of the photography system 3 (e.g., focus
mechanism, image sensor, etc.), the movement mechanism
6, the data processor 8, and the communication device 9, and
so forth. Further, the controller 7 may be configured to be
capable of executing a control for changing the relative
positions of the illumination system 2 and the photography
system 3. Further, the controller 7 may be configured to be
capable of executing a control of a device included in the slit
lamp microscope 1 (e.g., a display device) or a device
connected to the slit lamp microscope 1 (e.g., a display
device).

[0086] The controller 7 includes a processor, a primary
storage, a secondary storage, and so forth. The secondary
storage retains a control program and so forth. The control
program and so forth may be stored in a computer or a
storage accessible by the slit lamp microscope 1. The
function of the controller 7 is implemented by cooperation
of software such as the control program and hardware such
as the processor.

[0087] The controller 7 may be configured to be capable of
applying the controls described in the following to the
illumination system 2, the photography system 3 and the
movement mechanism 6 in order to scan a three dimensional
region of the anterior segment of the subject’s eye E with the
slit light.

[0088] First, the controller 7 executes a control of the
movement mechanism 6 to place the illumination system 2
and the photography system 3 at a predetermined scan start
position. This control is referred to as an alignment control.
The scan start position is, for example, a position corre-
sponding to the edge position (first edge position) of the
cornea C in the X direction, or a position further away from
the axis of the subject’s eye E than the first edge position.
[0089] The reference character X0 shown in FIG. 2A
denotes an example of a scan start position corresponding to
the first edge position of the cornea C in the X direction.
Further, the reference character X0' shown in FIG. 2B
denotes an example of a scan start position further away
from the axis EA of the subject’s eye E than the position
corresponding to the first edge position of the cornea C in the
X direction.

[0090] The controller 7 executes a control of the illumi-
nation system 2 to start the projection of the slit light onto
the anterior segment of subject’s eye E. This control is
referred to as a slit light projection control. The slit light
projection control may be performed before the execution of
the alignment control or during the execution of the align-
ment control. The slit light is typically continuous light, but
the slit light may be intermittent light (pulse light). The
turning on/off control of the pulse light is synchronized with
the photographing rate of the photography system 3. The slit
light is typically visible light, but the slit light may be
infrared light or a mixture of visible light and infrared light.
[0091] The controller 7 executes a control of the photog-
raphy system 3 to start moving image photography (moving
image acquisition) of the anterior segment of the subject’s
eye E. This control is referred to as a photography control.
The photography control may be performed before the
execution of the alignment control or during the execution of
the alignment control. In some typical examples, the pho-
tography control is executed simultaneously with the slit
light projection control or after the slit light projection
control.
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[0092] After the executions of the alignment control, the
slit light projection control, and the photography control, the
controller 7 performs a control of the movement mechanism
6 to start the movement of the illumination system 2 and the
photography system 3. This control is referred to as a
movement control. The illumination system 2 and the pho-
tography system 3 are moved together by the movement
control. In other words, the movement mechanism 6 moves
the illumination system 2 and the photography system 3
while maintaining the relative positions (e.g., the angle 0)
between the illumination system 2 and the photography
system 3. In some typical examples, the movement mecha-
nism 6 moves the illumination system 2 and the photography
system 3 while maintaining the state in which the afore-
mentioned Scheimpflug condition is satisfied. The move-
ment of the illumination system 2 and the photography
system 3 is performed from the aforementioned scan start
position to a predetermined scan end position. The scan end
position is, for example, a position corresponding to the
edge position (second edge position) of the cornea C on the
opposite side of the first edge position in the X direction, or
a position further away from the axis of the subject’s eye E
than the second edge position, as in the scan start position.
In such a case, the area from the scan start position to the
scan end position becomes a scan area.

[0093] In some typical examples, the photography system
3 carries out the moving image photography in parallel with
the projection of the slit light onto the anterior segment and
the movement of the illumination system 2 and the photog-
raphy system 3 in the X direction. Here, the width direction
of the slit light corresponds to the X direction and the
longitudinal direction of the slit light corresponds to the Y
direction.

[0094] Here, the length of the slit light (that is, the size of
the slit light in the Y direction) is set to be, for example,
equal to or greater than the diameter of the cornea C on the
surface of the subject’s eye E. In other words, the length of
the slit light is set to be equal to or greater than the corneal
diameter in the Y direction. Further, the distance of the
movement of the illumination system 2 and the photography
system 3 carried out by the movement mechanism 6 (that is,
scan area) is set to be equal to or greater than the corneal
diameter in the X direction, as described above. As a result
of setting the slit light length and the movement distance in
these manners, an area including the entire cornea C can be
scanned with the slit light.

[0095] By performing such a scan, a plurality of anterior
segment images corresponding to mutually different slit
light projection positions is acquired. In other words, a
moving image is obtained in which the state (aspect) of the
movement of the slit light projection position in the X
direction is depicted. FIG. 3 shows an example of such a
plurality of anterior segment images, that is, an example of
such a group of frames (a frame group) composing a moving
image.

[0096] FIG. 3 shows the plurality of anterior segment
images (the frame group, the image group) F1, F2, F3, . ..
, and FN. The subscripts “n” of the anterior segment images
Fn (n=1, 2, . . ., N) represent a time series order. In other
words, the n-th anterior segment image acquired is repre-
sented by the reference character “Fn”. The anterior segment
image Fn includes the region onto which the slit light is
being projected (slit light projected region) An. As shown in
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FIG. 3, the positions of the slit light projected regions Al,
A2, A3, ..., and AN shift to the right in time series order.
[0097] In the example shown in FIG. 3, the longitudinal
direction (length direction) of the slit light matches the Y
direction (vertical direction, body axis direction), the lateral
direction (width direction) matches the X direction (left-
right direction, horizontal direction), and the moving direc-
tion of the slit light matches the X direction. In addition, the
scan start position is a position outside (left side) of the first
edge position (left edge) of the cornea C, and the scan end
position is a position outside (right side) of the second edge
position (right edge) of the cornea C. According to the
scanning of this mode, a three dimensional region that
includes the entire cornea C can be photographed. Note that
possible scan start positions and/or possible scan end posi-
tions are not limited to those in the present example. In some
examples, the scan start position and/or the scan end position
may be the edge position(s) of the cornea C in the X
direction. Various kinds of scan parameters, such as the
orientation of the slit light, the movement direction of the slit
light, and the number of times of scans, can also be freely
determined.

<Data Processor 8>

[0098] The data processor 8 executes various kinds of data
processing. Data to be processed may be either any data
acquired by the slit lamp microscope 1 or any data input
from the outside. The data processor 8 can process images
acquired by using the photography system 3.

[0099] The data processor 8 includes a processor, a pri-
mary storage, a secondary storage, and so forth. The sec-
ondary storage retains a data processing program and so
forth. The data processing program and so forth may include
a model constructed by machine learning (learned model,
inference model, etc.). The data processing program and so
forth may be stored in a computer or a storage accessible by
the slit lamp microscope 1. The function of the data pro-
cessor 8 is implemented by cooperation of software such as
the data processing program and hardware such as the
processor.

[0100] The example of the data processor 8 shown in FIG.
1B includes the image group processing processor 80, the
processed image constructing processor 85, the misalign-
ment information acquiring processor 86, the assessment
value calculating processor 87, and the acceptability deter-
mining processor 88.

[0101] The slit lamp microscope 1 may be configured to
be capable of performing follow-up photography and post-
processing of the follow-up photography. The follow-up
photography is performed in such a manner that the same
position as in past photography (photography conducted in
a past examination) is again photographed by referring to an
image of the subject’s eye E acquired in the past. The
post-processing may include processing of assessing an
error in an imaging position of follow-up photography. More
specifically, the post-processing may include processing of
assessing a shift (misalignment) between the region of the
subject’s eye E that is photographed and visualized in past
photography and the region of the subject’s eye E that is
photographed and visualized in follow-up photography per-
formed based on an image acquired in the past photography.
[0102] Follow-up photography performed using the slit
lamp microscope 1 reproduces the scan position (scan area)
of past photography, that is, a past scan applied to the

Sep. 28, 2023

anterior eye segment with slit light. In preparation for
follow-up photography using the slit lamp microscope 1, the
controller 7 may execute a control of a display device (not
shown in the drawings) to display a patient selection screen
(not shown in the drawings), for example. In some
examples, the patient selection screen includes the following
functional parts: a functional part for selecting a patient to
whom follow-up photography is applied (patient selecting
part); a functional part that displays patient information
(patient information display part); and a functional part that
displays photography information (photography information
display part). The patient selection screen may also include
various kinds of operation parts such as software keys.
Further, the slit lamp microscope 1 may include an operation
device used for performing an operation and/or information
input regarding the patient selection screen.

[0103] The patient selecting part may be provided with a
space in which a search query is input, a calendar used for
an operation of selecting the date of photography (date of
acquisition) (e.g., the last date on which photography has
been performed in the past, etc.). When an input is made into
the patient selecting part, the controller 7 may search for
patient information stored in a storage (e.g., the memory 10,
a storage accessible by the slit lamp microscope 1, or the
like) and then execute a control of displaying the retrieved
patient information on the patient information display part.
The patient information may include, for example, identifi-
cation information of a patient (referred to as a patient ID or
subject ID), name of the patient, gender of the patient, date
of birth of the patient, electronic medical record information
of the patient, and so forth. In the cases such as when the
calendar is used to select the date of photography, the
controller 7 may execute a control of displaying a list
containing a plurality of pieces of patient information on the
patient information display part. The user can select a
desired patient from the list displayed.

[0104] When a patient is selected, the controller 7 can
obtain photography information related to the selected
patient from the storage and execute a control of displaying
the photography information on the photography informa-
tion display part. In the case where photography has been
performed a plurality of times in the past, the controller 7
may, for example, execute a control of displaying, on the
photography information display part, a list in which a
plurality of pieces of photography information respectively
for the plurality of times of photography in chronological
order is listed. The photography information may include,
for example, the following pieces of information: date of
photography; time of photography; address of storage into
which data is stored (e.g., file number, etc.); whether or not
photography is follow-up photography; scanning mode (e.g.,
scanning conditions, etc.); identification information for left
eye or right eye; fixation position; and information relating
to analysis processing (e.g., analysis content, analysis con-
ditions, etc.).

[0105] When photography information to be referenced in
follow-up photography is selected, the controller 7 can
obtain an image obtained in past photography corresponding
to the selected photography information from the storage,
and then execute a control of the display device to display
the image obtained. At this time, a screen displayed on the
display device is switched from the patient selection screen
to an image display screen (not shown in the drawings). The
user can observe and refer to the displayed image and decide
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whether or not to use this image for follow-up photography.
In the case of referring to another image, the user can
observe various past images and select a desired image.
When the image to be referred to is determined, the con-
troller 7 can display the selected image on the display device
and shift the operation state of the slit lamp microscope 1 to
a state of waiting for an instruction to start follow-up
photography.

[0106] Upon receiving a predetermined photographing
start instruction input, the controller 7 can execute, for
example, an alignment control, a slit light projection control,
a photography control, a movement control, and so forth. By
such controls, the controller 7 can conduct a control for
performing photography of the same site under the same
conditions as in past photography.

[0107] The controller 7 may be configured to store an
image obtained by follow-up photography conducted in this
way into the memory 10 in association with patient infor-
mation, scan position information (scan area information),
photography information, information related to past pho-
tography being referred to, and so forth.

<Image Group Processing Processor 80>

[0108] The image group processing processor 80 is con-
figured to execute processing of at least one or more images
of an image group collected by scanning the anterior seg-
ment with slit light. Some examples of the image group
processing processor 80 will be described. The image group
processing processor 80A shown in FIG. 4A, the image
group processing processor 80B shown in FIG. 4B, the
image group processing processor 80C shown in FIG. 4C,
and the image group processing processor 80D shown in
FIG. 4D are the first, second, third, and forth examples of the
image group processing processor 80, respectively. Possible
configurations of the image group processing processor 80
are not limited to these examples. For example, the image
group processing processor 80 may include a combination of
any two or more of the four image group processing pro-
cessors 80A, 80, 80C, and 80D. In some examples, the
image group processing processor 80 may be provided with
any element configured for obtaining the same or similar
types of results.

[0109] The slit lamp microscope 1 of the present aspect
example applies one or more times of scans to the anterior
segment of the subject’s eye E. Each scan generates an
image group like the plurality of anterior segment images F1
to FN shown in FIG. 3. The image group processing
processor 80 may apply processing to one or more image
groups acquired in this way.

[0110] The slit lamp microscope 1 may be configured to be
capable of applying two or more times of scans to the
anterior segment. For example, in the case where the first
scan (the scan of the first time) does not yield a satisfactory
image group, the second scan (the scan of the second time)
is performed. More generally, in the case where all the first
to the v-th scans (the scan of the v-th time) do not yield a
satisfactory series of images, the (v+1)-th scan (the scan of
the (v+1)-th time) is then performed (where v is an integer
equal to or greater than 1). In some aspect examples, in the
case where no satisfactory series of images (image set) is
obtained from the v number of (pieces of) image groups
acquired from the v number of (times of) scans of the first
to the v-th scans, the (v+1)-th scan is then performed. In
some other aspect examples, in the case where none of the
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v number of image groups acquired from the v number of
scans of the first to the v-th scans is a satisfactory image set,
the (v+1)-th scan is then performed. Note that the manner of
conducting two or more times of scans is not limited to these
example cases.

[0111] In the case where the slit lamp microscope 1
performs two or more times of scans, the start positions and
the end positions (that is, scan areas) of the two or more
times of scans may be the same, or one of or both the start
positions and the end positions may be different. The two or
more times of scans of some typical examples are aimed at
the same scan area. Such scans acquire image groups, each
of which is like the plurality of anterior segment images F1
to FN shown in FIG. 3. The number of the acquired image
groups is equal to the number of scans.

[0112] Considering the eye movements of the subject’s
eye E and so forth, the scan area of some typical examples
(scan start position, scan end position) is defined by the
operation of the slit lamp microscope 1 rather than positions
or area in an anterior eye segment. For example, the start
point of the movement of the illumination system 2 and the
photography system 3 for a scan is determined to be a scan
start position, and the end point of the movement of the
illumination system 2 and the photography system 3 for a
scan is determined to be a scan end position.

[0113] On the other hand, a scan area may be defined by
positions or area in the anterior segment. In this case, the
illumination system 2 and the photography system 3 are
moved to follow the movement of the subject’s eye E. This
operation is referred to as tracking. The slit lamp microscope
1 of the present example has, for example, the same or
similar tracking function as or to that of a conventional slit
lamp microscope. The tracking function includes, for
example, the following processes: a process of performing
moving image photography of an anterior eye segment; a
process of extracting a landmark from each frame; a process
of calculating positional shifts (displacements, positional
differences, positional deviations) between frames using the
landmarks; and a process of performing a movement control
of the illumination system 2 and the photography system 3
to compensate for (to cancel, to eliminate) the positional
shifts.

[0114] As another example of the definition (setting) of a
scan area, a scan area may be set for images that have
already been collected. In other words, setting of a scan area
may be performed after scanning. A scan area in the present
example is an area corresponding to images to be provided
for subsequent processing.

[0115] A description will be given of the first example of
such scan area determination after scanning. The slit lamp
microscope of the present example is capable of performing
anterior eye segment photography and recognizing the posi-
tional relationship between the optical system for anterior
eye segment photography and the optical system for scan-
ning (the illumination system 2 and the photography system
3). The present example begins with anterior eye segment
photography, in parallel with acquisition of an image group
(wide area image group) by scanning a sufficiently wide area
of the anterior eye segment (particularly, sufficiently wide
ranges in the X direction and the Y direction). Next, a scan
area is determined for anterior segment images obtained by
this anterior eye segment photography. This determination
may be made manually or automatically. Automatic deter-
mination may include, for example, a process of analyzing
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an anterior segment image to detect a landmark and a
process of determining a scan area with reference to the
landmark. Examples of this landmark may include a corneal
edge, a corner angle, or a pupil edge. After the scan area
determination, a partial area of each wide area image cor-
responding to the determined scan area is identified based on
the positional relationship between the optical systems
described above. Finally, by cropping the identified partial
area from the wide area image, an image corresponding to
the scan area is formed. With such processes, an image
group corresponding to the determined scan area is obtained.
When the fixation of the subject’s eye is stable (or, when it
is or can be assumed as such), anterior eye segment pho-
tography of the present example may be still image photog-
raphy. When anterior eye segment photography of the pres-
ent example is moving image photography, for example,
association (correspondence, relationship) between a wide
area image group and a frame group in the moving image is
made based on control executed for scanning and moving
image photography, such as based on synchronization infor-
mation between scanning and moving image photography,
and the same or similar processing as or to the above is
executed for each pair of a wide area image and a frame
associated with one another by the association.

[0116] The second example of scan area determination
after scanning will be described. The present example does
not require parallel anterior eye segment photography, and
scans a sufficiently wide area of the anterior eye segment
(particularly, sufficiently wide ranges in the X direction and
the Y direction) to collect a wide area image group. Then, a
partial area corresponding to a desired scan area is desig-
nated for each wide area image. This designation may be
made manually or automatically. Automatic designation
may include, for example, a process of analyzing a wide area
image to detect a landmark (e.g., a corneal edge or a corner
angle) and a process of determining a scan area with
reference to the landmark. A landmark may be manually
designated for one of the wide area images. This wide area
image for which a landmark is designated is referred to as a
reference wide area image. Then, the reference wide area
image and a wide area image adjacent to the reference wide
area image (adjacent wide area image) may be analyzed to
designate a landmark for this adjacent wide area image.
Sequential application of such processes gives landmarks for
all the wide area images. Furthermore, partial areas of the
wide area images corresponding to the scan area may be
identified based on the landmarks, and images correspond-
ing to the scan area may be obtained by cropping the
identified partial areas from the respective wide area images.
As a result of this, an image group corresponding to the
determined scan area is obtained.

[0117] A description will be given of the first example of
the image group processing processor 80. The image group
processing processor 80A shown in FIG. 4A includes the
image group assessing processor 81. The image group
assessing processor 81 is configured to execute an assess-
ment of a quality of an image group collected by a single
scan of the subject’s eye E. In some aspect examples, the
image group assessing processor 81 is configured to deter-
mine whether or not the image group satisfies a predeter-
mined condition. In typical examples, the image group
assessing processor 81 is configured to determine whether or
not each image included in the image group satisfies a
predetermined condition.
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[0118] This predetermined condition (referred to as an
image group assessment condition) is, for example, a con-
dition relating to image quality required for effective per-
formance of image interpretation and diagnosis. Examples
of'the image group assessment condition include a condition
relating to the subject’s eye E, a condition relating to the slit
lamp microscope 1, a condition relating to the environment,
and so forth. The image group assessment condition may
include, for example, either one of or both the following
condition items: a condition that an image to be assessed has
not been affected by blinking (referred to as a blinking
condition); and a condition that an image to be assessed has
not been affected by eye movement (referred to as an eye
movement condition). Further, the image group assessment
condition may include any indicator relating to any image
quality assessment and may include any of the following
indicators: brightness; contrast; noise; signal-to-noise ratio
(SNR); tone reproduction; dynamic range; sharpness;
vignetting; aberrations (spherical aberration, astigmatism,
comatic aberration, field curvature, distortion, chromatic
aberration, etc.); color accuracy; exposure accuracy; lens
flare; moire patterns; and artifacts. Possible image group
assessment conditions are not limited to these examples, and
may be determined and prepared optionally.

[0119] A description will be given of the blinking condi-
tion. For an image included in the image group, the image
group assessing processor 81 performs determination
whether or not a reflected image of the slit light projected
onto the anterior segment of the subject’s eye E is included
in this image, for example. This determination is data
processing carried out on the basis of a fact that a reflected
image of the slit light is not depicted in an image taken
during blinking and a fact that a reflected image of the slit
light is represented significantly brighter than other areas.
The determination is carried out, for example, based on the
brightness distribution in an image being processed.
[0120] In some aspect examples, the image group assess-
ing processor 81 generates a brightness histogram based on
an image and then determines whether or not there is a pixel
having brightness equal to or greater than a predetermined
threshold value. When the image group assessing processor
81 determines that there is a pixel having brightness equal to
or greater than the predetermined threshold value, it is
determined that a reflected image of the slit light is included
in this image. The present example has an advantage of
being extremely simple to process, but it may falsely detect
a high-brightness noise or a reflection of environment light
(ambient light).

[0121] In some other aspect examples, the image group
assessing processor 81 generates a brightness histogram
based on an image and then determines whether or not there
are a predetermined number or more of pixels having
brightness equal to or greater than a predetermined threshold
value. When the image group assessing processor 81 deter-
mines that the number of pixels having brightness equal to
or greater than the predetermined threshold value is equal to
or greater than the predetermined number, it is determined
that a reflected image of the slit light is included in this
image. The present example has an advantage that the above
false detection can be prevented by simple processes as
described above.

[0122] A description will be given of the eye movement
condition. For an image included in the image group, the
image group assessing processor 81 performs determination



US 2023/0301511 Al

whether or not eye movement has affected this image by
comparing this image with an image adjacent thereto, for
example. This determination is data processing carried out
on the basis of a fact that eye movement during moving
image photography causes “skipping (lack, omission) of an
image”.

[0123] In some aspect examples, the image group assess-
ing processor 81 detects a landmark from each of this image
and the adjacent image, calculates the amounts of positional
shifts (displacements, positional differences, positional
deviations) of the detected landmarks, and determines
whether or not each of the positional shift amounts calcu-
lated is equal to or greater than a predetermined threshold
value. When the image group assessing processor 81 deter-
mines that the positional shift amount(s) is equal to or
greater than the predetermined threshold value, it is deter-
mined that eye movement has occurred. Here, the landmark
may be, for example, a cornea, an iris, a pupil, a corner
angle, or the like. The threshold value may be calculated
based on a predetermined scanning condition such as the
photographing rate of the photography system 3, the move-
ment speed of the photography system 3 carried out by the
movement mechanism 6, or the like.

[0124] In some other aspect examples, the image group
assessing processor 81 may be configured to determine the
presence or absence of eye movement from a single image.
For example, when the photographing rate of the photogra-
phy system 3 is low and high-speed eye movement occurs,
“blurring” may occur in an image obtained. The image
group assessing processor 81 may be configured to deter-
mine the presence or absence of eye movement by using a
blur detection technique. Blur detection of some typical
examples is performed using any known techniques such as
edge detection.

[0125] The image group assessing processor 81 may
include an artificial intelligence engine configured to deter-
mine whether or not an input image satisfies the image group
assessment condition described above. In some typical
examples, this artificial intelligence engine includes a con-
volutional neural network (CNN). This convolutional neural
network has been trained in advance using training data.
This training data may include a large number of images
acquired with slit lamp microscopes and corresponding
determination results of whether or not each of these images
satisfies the image group assessment condition. Note that
images included in the training data are not limited to images
acquired with slit lamp microscopes. In some examples, any
of the following images may be included in training data: an
image acquired using other kinds of ophthalmic modalities
(e.g., fundus camera, OCT apparatus, SLO, surgical micro-
scope); an image acquired using any kinds of diagnostic
imaging modalities of any clinical departments other than
ophthalmology (e.g., ultrasonic diagnostic apparatus, X-ray
diagnostic apparatus, X-ray computed tomography (CT)
apparatus, magnetic resonance imaging (MRI) apparatus);
an image generated by processing an actual image (image
acquired from a living body); and a pseudo image. Further,
the method and technique used in the artificial intelligence
engine may be freely selected from among any known
method and technique. For example, the type of hardware,
the type of software, the type of machine learning method,
and the type of neural network may be freely designed based
on any known method and technique.
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[0126] A series of images composing an image group
collected by a single scan may be associated with a plurality
of positions (a plurality of locations) in the scan area. This
association is performed by the image group processing
processor 80, for example. A specific example will be
explained. The scan area along the X direction is divided
into the N-1 number of sections (intervals), the scan start
position is determined at the first position, and the scan end
position is determined at the N-th position. Here, N is an
integer equal to or greater than 2. As a result, the N number
of positions are determined in the scan area. The N number
of positions are represented by B1, B2, B3, . . ., BN (not
shown in the drawings). The intervals between the N number
of positions B1 to BN may be equal or different. The number
(N) of positions B1 to BN is determined based, for example,
on the scan start position, the scan end position, the move-
ment speed of the slit light (scan speed), the frame rate of the
photography system 3, and so forth. The number (N) of
positions Bl to BN determined in the present example is
equal to the number of images collected by a single scan.
Note that possible number (N) of positions B1 to BN is not
limited to the present example, nor is possible method of
determining thereof limited to the present example. It is now
considered a case in which application of a single scan to the
anterior segment of the subject’s eye E has generated the
image groups F1, F2, F3, . . ., FN shown in FIG. 3. The
image group processing processor 80 may assign the image
Fn to the position Bn. As a result of this, the N number of
images Fn (n=1, 2, . . ., N) respectively corresponding to the
N number of positions Bn (n=1, 2, . . ., N) can be obtained.

[0127] An image group of some examples may include
only such a series of images, or may include other infor-
mation in addition to the series of images. Examples of
information that may be included in an image group together
with a series of images include various kinds of supplemen-
tary information (incidental information, ancillary informa-
tion) such as subject information, subject’s eye information,
date and time of photography, and photography conditions
(acquisition conditions). An image group of some examples
may include an image obtained by using another modality,
examination data acquired by using an examination appa-
ratus, or the like. Some examples of the configuration and
the operation of the image group assessing processor 81 are
described below with reference to FIG. 5A to FIG. 5D.

[0128] A description will be given of the second example
of the image group processing processor 80. The effective-
ness of the present example is particularly demonstrated in
the case where two or more times of scans are applied to the
subject’s eye E. The image group processing processor 80B
shown in FIG. 4B includes the image set forming processor
82 in addition to the image group assessing processor 81 that
is the same as or similar to that of FIG. 4A. The image group
processing processor 80B is provided with two or more
image groups collected by two or more times of scans
applied to the subject’s eye E. The image group assessing
processor 81 of the present example may execute a quality
assessment of each of these image groups, or alternatively
may execute a quality assessment of only an image group
acquired by the first scan out of the two or more times of
scans. The image set forming processor 82 is configured to
execute a formation of an image set by selecting a series of
images corresponding to a scan area from the two or more
image groups input into the image group processing pro-
cessor 80B.
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[0129] The area represented by the series of images com-
posing the image set may correspond to, for example, a three
dimensional region to which any one of the two or more
scans has been applied, or a three dimensional region
determined based on scan areas of at least two of the two or
more scans. As an example of the former, the maximum
(largest) scan area or the minimum (smallest) scan area
among the two or more scan areas to which the two or more
scans have been respectively applied may be employed. As
an example of the latter, the union set or the intersection set
of the at least two scan areas may be employed.

[0130] The formed image set may include only the above-
mentioned series of images corresponding to the scan area,
or may include other information in addition to the series of
images. Examples of information that may be included in the
image set together with the series of images include various
kinds of supplementary information (incidental information,
ancillary information) such as subject information, subject’s
eye information, date and time of photography, and photog-
raphy conditions. The image set may also include an image
obtained by using another modality, examination data
acquired by using an examination apparatus, or the like.

[0131] A description will be given of the third example of
the image group processing processor 80. As in the second
example, the effectiveness of the present example is par-
ticularly demonstrated when two or more times of scans are
applied to the subject’s eye E. The image group processing
processor 80C shown in FIG. 4C includes both the image
group assessing processor 81 configured in the same or
similar manner as or to that of FIG. 4A and the image set
forming processor 82 configured in the same or similar
manner as or to that of FIG. 4B. However, the image set
forming processor 82 of the present example includes the
selecting processor 821.

[0132] The image group processing processor 80C is
provided with two or more image groups collected by two or
more times of scans applied to the subject’s eye E. The
image group assessing processor 81 of the present example
may execute a quality assessment of each of these image
groups, or may execute a quality assessment of only the
image groups acquired by the first scan. The image set
forming processor 82 is configured to execute a formation of
an image set by selecting a series of images corresponding
to a scan area from the two or more image groups input into
the image group processing processor 80C. In this process of
image set formation, the selecting processor 821 executes
selection of images each of which satisfies a predetermined
condition from the two or more image groups.

[0133] The predetermined condition (image selection con-
dition) may be the same as or different from the image group
assessment condition described above. In some examples in
which the image group processing processor 80C is config-
ured in such a manner that the selecting processor 821 is
provided with two or more image groups after the image
group assessing processor 81 executes a quality assessment
of each of the images, the selecting processor 821 may be
configured to execute image selection in consideration of a
condition relating to an image arrangement (image order,
image sequence, etc.). Here, examples of such a condition
include the blinking condition and the eye movement con-
dition described above. Note that the image selection con-
dition is not limited to these examples, and the relationship
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between the image group assessment condition and the
image selection condition is also not limited to these
examples.

[0134] Below, descriptions will be given of a case in
which the selecting processor 821 takes the blinking con-
dition into consideration and a case in which the selecting
processor 821 takes the eye movement condition into con-
sideration. In addition, for cases in which the selecting
processor 821 takes into consideration a condition other than
these two conditions, the selecting processor 821 may be
configured to be capable of executing the same or similar
processing as or to some specific examples regarding the
image group assessing processor 81. These specific
examples will be described later with reference to FIG. SA
to FIG. 5D.

[0135] A description will be given of image selection with
the blinking condition taken into account. Note that the
blinking condition is a condition for checking whether or not
an image to be assessed has been affected by blinking. For
an image included in the two or more image groups, the
selecting processor 821 performs determination whether or
not a reflected image of the slit light projected onto the
anterior segment of the subject’s eye E is included in this
image, for example. This determination is data processing
carried out on the basis of a fact that a reflected image of the
slit light is not depicted in an image taken during blinking
and a fact that a reflected image of the slit light is represented
significantly brighter than other areas. The determination is
carried out, for example, based on the brightness distribution
in an image being processed.

[0136] In some aspect examples, the selecting processor
821 generates a brightness histogram based on an image and
then determines whether or not there is a pixel having
brightness equal to or greater than a predetermined threshold
value. If the selecting processor 821 determines that there is
a pixel having brightness equal to or greater than the
predetermined threshold value, it is determined that a
reflected image of'the slit light is included in this image. The
present example has an advantage of being extremely simple
to process, but it may falsely detect a high-brightness noise
or a reflection of environment light (ambient light).

[0137] In some other aspect examples, the selecting pro-
cessor 821 generates a brightness histogram based on an
image and then determines whether or not there are a
predetermined number or more of pixels having brightness
equal to or greater than a predetermined threshold value. If
the selecting processor 821 determines that the number of
pixels having brightness equal to or greater than the prede-
termined threshold value is equal to or greater than the
predetermined number, it is determined that a reflected
image of the slit light is included in this image. The present
example has an advantage that the above false detection can
be prevented by simple processes as described above.

[0138] A description will be given of image selection with
the eye movement condition taken into account. Note that
the eye movement condition is a condition for checking
whether or not an image to be assessed has been affected by
eye movement. For an image included in the two or more
image groups, the selecting processor 821 performs deter-
mination whether or not eye movement has affected this
image by comparing this image with an image adjacent
thereto, for example. This determination is data processing
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carried out on the basis of a fact that eye movement during
moving image photography causes “skipping (lack, omis-
sion) of an image”.

[0139] In some aspect examples, the selecting processor
821 detects a landmark from each of this image and the
adjacent image, calculates the amounts of positional shifts
(displacements, positional differences, positional devia-
tions) of the detected landmarks, and determines whether or
not each of the positional shift amounts calculated is equal
to or greater than a predetermined threshold value. If the
selecting processor 821 determines that the positional shift
amount(s) is equal to or greater than the predetermined
threshold value, it is determined that eye movement has
occurred. Here, the landmark may be, for example, a cornea,
an iris, a pupil, a corner angle, or the like. The threshold
value may be calculated based on a predetermined scanning
condition such as the photographing rate of the photography
system 3, the movement speed of the photography system 3
carried out by the movement mechanism 6, or the like.
[0140] In some other aspect examples, the selecting pro-
cessor 821 may be configured to determine the presence or
absence of eye movement from a single image. For example,
when the photographing rate of the photography system 3 is
low and high-speed eye movement occurs, “blurring” may
occur in an image obtained. The selecting processor 821
may be configured to determine the presence or absence of
eye movement by using a blur detection technique. The blur
detection of some typical examples is performed by using
any known techniques such as edge detection.

[0141] As in the case of the image group assessing pro-
cessor 81, the selecting processor 821 may include an
artificial intelligence engine configured to determine
whether or not an input image satisfies the image selection
condition described above.

[0142] The series of images included in the image set
formed by the image set forming processor 82 may be
associated with a plurality of positions (a plurality of loca-
tions) in the scan area. For example, the selecting processor
821 may be configured to perform selection of images in
such a manner as to assign one or more images to each of the
plurality of positions in the scan area.

[0143] A specific example will be explained. As men-
tioned above, the scan area along the X direction is divided
into N-1 number of sections (intervals), the scan start
position is determined at the first position, and the scan end
position is determined at the N-th position. Here, N is an
integer equal to or greater than 2. As a result, N number of
positions are determined in the scan area. The N number of
positions are represented by B1, B2, B3, . . ., BN.

[0144] It is now considered a case in which a result of
application of two or more times of scans to the anterior
segment of the subject’s eye E has generated the image
groups F1, F2, F3, . . . | FN shown in FIG. 3. Note that in
the description given above, the N number of images F1 to
FN shown in FIG. 3 forms an image group obtained by a
single scan. However, in the present document for the sake
of simplicity of description, the N number of images F1 to
FN shown in FIG. 3 may sometimes be treated as (used as)
any image group (any plurality of images) to be considered.
For example, in the description of the present example, the
N number of images F1 to FN are treated as a series of
images included in an image set.

[0145] For the N number of positions B1 to BN and the N
number of images F1 to FN, the selecting processor 821 may
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assign the image Fn to the position Bn. As a result of this,
the N number of images Fn (n=1, 2, . . . , N) respectively
corresponding to the N number of positions Bn (n=1, 2, . .
., N) can be obtained, and then an image set can be formed
with the image group Fn as “a series of images”, for
example.

[0146] In some aspect examples, if the image group
assessing processor 81 has determined that the quality of an
image group obtained by the first scan is not satisfactory, the
second scan is then performed automatically or upon an
instruction given by the user. If the number of scans applied
to the anterior segment is two or more, the slit lamp
microscope 1 performs an operation of applying the two or
more times of scans to the anterior segment and an operation
of selecting a series of images from two or more image
groups collected by the two or more times of scans. Here, a
way how to perform these operations (execution modes of
these operations) may be freely selected or determined. In
the first example thereof, the slit lamp microscope 1 may be
configured to alternately execute (to execute by turns)
application of a scan to the anterior eye segment and
selection of an image from an image group acquired by this
scan, in response to acquisition of an assessment result
showing the quality of an image group obtained by the first
scan is not satisfactory. In the second example, the slit lamp
microscope 1 may be configured to perform two or more
times of scans in a row and then select a series of images
from two or more image groups collected by the two or more
times of scans, in response to acquisition of an assessment
result showing the quality of an image group obtained by the
first scan is not satisfactory. These two examples will be
described below. It should be noted that in place of or in
addition to selection of an image from an image group(s),
the image group assessing processor 81 may execute an
assessment of an image group. As mentioned above, an
image group assessment and image selection may be the
same, similar, or interchangeable processes. In some aspect
examples, any matters and items in a description of an image
group assessment may be applied to image selection, and
conversely, any matters and items in a description of image
selection may be applied to an image group assessment.

[0147] The first example of the aspect (mode) of the scan
application and the image selection performed after the
image group assessing processor 81 has assessed that the
quality of an image group obtained by the first scan is not
satisfactory, is the alternate execution of the scan application
and the image selection. More specifically, the first example
is operated to repeat, a predetermined number of times, the
pair of the application of a scan to the anterior eye segment
and the selection of an image from an image group acquired
by this scan, for example. In other words, the first example
is operated to execute the U number of pairs of operations
(here, U is an integer equal to or greater than 1) in the order
of the first pair of operations (the scan application and the
image selection), the second pair of operations (the scan
application and the image selection), . . . , and the U-th pair
of operations (the scan application and the image selection).
Further, the pair of the first scan performed before this
alternate execution and the quality assessment of the image
group obtained by the first scan (by the image group
assessing processor 81) will be referred to as the 0-th pair of
operation.

[0148] Here, the number of scans in the u-th pair may be
any number of times equal to or greater than 1 (u=0, 1, . ..
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, U). Further, the number of scans in the u,-th pair and the
number of scans in the u,-th pair may be equal to or different

from each other (here, u,=0, 1, ..., U;u,=0, 1, ..., U;
U, =U,).
[0149] In the first example, the selecting processor 821

may be configured to form a tentative image set (provisional
image set, temporary image set, interim image set) by
selecting two or more images from two or more image
groups collected by two or more times of scans already
performed. In other words, the slit lamp microscope 1 may
be configured to form, at any point of time during the
alternate execution of the scan application and the image
selection, a tentative image set from two or more image
groups obtained by two or more times of scans that have
been performed up to this point of time. For example, the
selecting processor 821 may be configured to form a tenta-
tive image set from all images obtained by the O-th to the
u-th pairs after the scan in the u-th pair has been performed.
With such a configuration, the slit lamp microscope 1 is
capable of forming a tentative image set from two or more
image groups obtained up to the present point of time for the
purpose of constructing a final image set.

[0150] In the case where the configuration described
above is employed for forming a tentative image set, the
following configuration may be combined with the configu-
ration described above. Immediately after another scan is
applied to the anterior segment of the subject’s eye E, the
selecting processor 821 first selects one or more images
from another image group collected by this another scan.
Subsequently, the selecting processor 821 forms another
tentative image set (new tentative image set) by adding the
one or more images selected from this another image group
to a tentative image set that has been formed based on one
or more scans performed prior to this another scan. For
example, after the scan in the (u+1)-th pair have been
performed, the selecting processor 821 may first select one
or more images from an image group obtained by the
(u+1)-th pair. Further, the selecting processor 821 may form
another tentative image set by adding the one or more image
selected from the image group obtained in the (u+1)-th pair
to a tentative image set formed based on the image group(s)
obtained by the 0-th to the u-th pairs. With such a configu-
ration, each time a scan is applied to the anterior segment,
the selecting processor 821 can sequentially update a ten-
tative image set based on an image group obtained by this
scan. This makes it possible to construct a final image set
reliably and efficiently.

[0151] In the case where the configuration described
above is employed for forming (and updating) a tentative
image set, the following configuration may be combined
with the configuration described above. The controller 7 (or
the image set forming processor 82 (the selecting processor
821)) includes an image number counter configured to count
the number of images included in a tentative image set. The
controller 7 controls the scanner (the illumination system 2,
the photography system 3, the movement mechanism 6) and
the selecting processor 821 to terminate the alternate execu-
tion of the scan application and the image selection when the
number of images included in the tentative image set reaches
a predetermined number. Here, the predetermined number is
the number of a series of images included in a final image
set, and may be determined in advance or from a status of
processing. Further, the controller 7 makes determination as
to whether or not the number of images included in the
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tentative image set has reached the predetermined number.
This determination may include only a process of comparing
the number of images. Alternatively, in the case where a
plurality of positions in the scan area and a series of images
are associated with each other (described above), the con-
troller 7 may determine whether or not a corresponding
image has been assigned to every one of the plurality of
positions. With such a configuration, the alternate execution
of the scan application and the image selection can be
automatically terminated upon obtaining the required num-
ber of images for a final image set.

[0152] In the case where the configuration described
above is employed for forming (and updating) a tentative
image set, the following configuration can be further com-
bined with the configuration described above. The controller
7 includes a repetition counter configured to count the
number of (times of) repetitions of the alternate execution of
the scan application and the image selection. The repetition
counter may be configured to count the number of the
repetitions of the alternate execution by counting the number
of repetition of the pair of the scan application and the image
selection (the first pair to the U-th pair), or by counting the
number of repetition of the scan application. The controller
7 controls the scanner (the illumination system 2, the pho-
tography system 3, the movement mechanism 6) and the
selecting processor 821 to terminate the alternate execution
of the scan application and the image selection when the
number of the repetitions in the alternate execution reaches
a predetermined number. In the case where the number of
the repetitions is defined in units of the pair of the scan
application and the image selection, the predetermined num-
ber is equal to the total number (U+1) of the pairs deter-
mined in advance. In the case where the number of the
repetitions is defined in units of the number of the scan
application, the predetermined number is equal to the total
number of the scan application determined in advance.
Further, the controller 7 makes determination as to whether
or not the number of the repetitions has reached the prede-
termined number. With such a configuration, the scan appli-
cation and the image selection can be automatically termi-
nated at the stage where the scan application and the image
selection have been repeated the number of times deter-
mined in advance. In the case where such a configuration is
not employed, the scan application and the image selection
are repeated until the number of images required to construct
a final image set are selected, which causes fatigue to the
subject and reduces photographing efficiency. In particular,
when photographing a plurality of subjects in sequence, the
throughput of the photographing is greatly impaired.

[0153] As described above, the present aspect example
may be configured to automatically terminate the alternate
execution of the scan application and the image selection.
Possible conditions for such automatic termination are not
limited to the two examples described above. For example,
a condition for automatic termination may be an instruction
input from a user. An alternative example may be configured
to measure the elapsed time from the start of the alternate
execution of the scan application and the image selection
and terminate the alternate execution when the measured
elapsed time reaches a predetermined time. Note that in the
case where the repetition rate of the scan application and the
image selection is constant, the automatic termination con-
trol based on the elapsed time is equivalent to the automatic
termination control based on the number of the repetitions
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described above. The image set forming processor 82 may
form an image set based on a tentative image set that has
been saved at the point of time of termination of the alternate
execution of the scan application and the image selection.
The tentative image set is included in the image set, for
example, as a series of images corresponding to the scan
area. Predetermined subject information such as subject 1D,
official ID, name, age, gender, etc. is separately input into
the slit lamp microscope 1. The image set forming processor
82 may be configured to form an image set by generating a
supplementary information of a series of images including
such subject information, subject’s eye information (e.g.,
information indicating left eye/right eye), date and time of
photography, photography conditions, etc. Further, the
image set may also include other images obtained with the
slit lamp microscope 1, images obtained with other modali-
ties, examination data acquired with examination appara-
tuses, or the like. This concludes the description of the first
example of the execution mode of the scan application and
the image selection.

[0154] Next, the second example of the aspect (mode) of
the scan application and the image selection performed after
the image group assessing processor 81 has assessed that the
quality of an image group obtained by the first scan is not
satisfactory will be described. In the present example, the
slit lamp microscope 1 is configured to perform two or more
times of scans in a row and then select a series of images
from two or more image groups collected by the two or more
times of scans. Then, an image is selected from the two or
more image groups collected by the two or more times of
scans and the image group obtained by the first scan per-
formed prior to the two or more times of scans, and an image
set that includes a series of images selected in this way is
formed.

[0155] A specific example of such an operation will be
described. To begin with, the selecting processor 821 gen-
erates an association (correspondence, relationship) between
an image group corresponding to each scan and a plurality
of positions in the scan area (described above). With this
association, two or more images corresponding to different
scans are assigned to each of the plurality of positions in the
scan area.

[0156] Subsequently, for each position of the plurality of
positions in the scan area, the selecting processor 821 selects
one image from the two or more images that have been
assigned to this position. The image selection condition
employed in the present example may be, for example, the
blinking condition and the eye movement condition
described above. With this, one image is assigned to each of
the plurality of positions in the scan area. A plurality of
images respectively associated with the plurality of positions
in this way is used as a series of images included in an image
set. This concludes the description of the second example of
the execution mode of the scan application and the image
selection.

[0157] The fourth example of the image group processing
processor 80 will be described. As in the second and third
examples, the effectiveness of the present example is par-
ticularly demonstrated in the case where two or more times
of scans are applied to the subject’s eye E. The image group
assessing processor 80D shown in FIG. 4D includes the
image set assessing processor 83 in addition to the image
group assessing processor 81, which is the same as or similar

Sep. 28, 2023

to that of FIG. 4A, and the image set forming processor 82,
which is the same as or similar to that of FIG. 4B or FIG. 4C.
[0158] The image set assessing processor 83 is configured
to execute an assessment of a quality of an image set formed
by the image set forming processor 82. This quality assess-
ment is a process of determining whether or not an image set
has sufficient quality to effectively conduct diagnosis (image
interpretation), and an assessment item and an assessment
criterion are determined from this viewpoint. The assess-
ment item and the assessment criterion may be common to
one or more of the above-described image group assessment
conditions and/or one or more of the above-described image
selection conditions; however, the assessment item and the
assessment criterion are not limited thereto.

[0159] The image set assessing processor 83 may be
configured to execute different assessment processes
depending on the types (aspects, modes) of image sets. For
example, an assessment process applied to an image set
formed in the case where the number of images included in
a tentative image set has reached a predetermined number
and an assessment process applied to an image set formed in
the case where the number of the repetitions in the alternate
execution of the scan application and the image selection has
reached a predetermined number, may be different from
each other. Note that the same assessment process may be
applied regardless of the types of image sets.

[0160] Examples of an image set quality assessment
include, in addition to an assessment of the quality of each
image (which may be the same as or similar to an assessment
of an image group), an assessment of an “arrangement
order” of a series of images, an assessment of “skipping
(lack, omission) of an image”, and an assessment of “mis-
alignment”. Defects in an image set, such as disorder in the
arrangement order, skipping (lack, omission) of an image,
misalignment, etc., are caused by eye movement, fixation
shift (fixation deviation), or the like.

[0161] The assessment of the arrangement order of a series
of images will be described. In some aspect examples, the
above-mentioned correspondence (one-to-one correspon-
dence) between a series of images and a plurality of posi-
tions in a scan area is determined and prepared in advance.
The image set assessing processor 83 may execute an
arrangement order assessment using this correspondence.
[0162] Here, the plurality of positions in the scan area is
ordered in accordance with their positional relationships in
the real space. An example will be described now. As
described above, the scan area along the X direction is
divided into the N-1 number of sections, and the N number
of positions B1, B2, B3, . . ., BN are set in order from the
scan start position to the scan end position. In other words,
the N number of positions B1 to BN are ordered in accor-
dance with their positional relationships in the real space. In
addition, a one-to-one correspondence is given between the
N number of images F1 to FN (a series of images) and the
N number of positions B1 to BN.

[0163] Under such conditions, the image set assessing
processor 83 arranges the N number of images F1 to FN in
accordance with the arrangement order (relative positional
relationships) of the N number of positions B1 to BN, for
example. This arrangement processing may be implemented
by, for example, determining the coordinates of the N
number of positions B1 to BN in a given three dimensional
coordinate system, and arranging (embedding) the N num-
ber of images F1 to FN in the three dimensional coordinate
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system in accordance with the N number of coordinates
determined. More specifically, the image set assessing pro-
cessor 83 of some aspect examples may be configured to
extract the slit light projected regions Al to AN from the N
number of images F1 to FN, respectively. Here, the slit light
projected regions Al to AN are two dimensional cross
sectional images. The image set assessing processor 83 of
the aspect examples further determines the coordinates of
the N number of positions B1 to BN in the three dimensional
coordinate system, and then executes a process of embed-
ding the N number of two dimensional cross sectional
images Al to AN into the three dimensional coordinate
system in accordance with the N number of coordinates
determined.

[0164] The image set assessing processor 83 may be
configured to analyze the images F1 to FN (the two dimen-
sional cross sectional images Al to AN) embedded in the
three dimensional coordinate system to execute an assess-
ment of whether or not their arrangement order is appropri-
ate. In some aspect examples, the image set assessing
processor 83 may be configured to detect a region of interest
from the images F1 to FN (the two dimensional cross
sectional images Al to AN) and execute an assessment
based on the morphology (e.g., connectivity (connected-
ness), continuity, etc.) of the region of interest in the
arrangement direction of the images F1 to FN (the two
dimensional cross sectional images Al to AN). Here, the
arrangement direction of the images F1 to FN is the X
direction in the present example, and the region of interest
is an image region corresponding to a site of interest such as
the anterior surface of the cornea, the posterior surface of the
cornea, the iris, the pupil, the anterior surface of the crys-
talline lens, the posterior surface of the crystalline lens, the
corner angle, or the like. For example, if there exists a gap
of'the size equal to or larger than a predetermined size in the
region of interest, the arrangement order is determined to be
inappropriate, or it is determined that there is a change
(replacement, swapping) in the arrangement order.

[0165] In some other aspect examples, the image set
assessing processor 83 may be configured to construct a
cross sectional image along the X direction, from the images
F1 to FN (the two dimensional cross sectional images Al to
AN) embedded in the three dimensional coordinate system.
In addition, the image set assessing processor 83 may be
configured to execute an assessment based on the morphol-
ogy (e.g., connectivity, continuity, etc.) of this cross sec-
tional image constructed.

[0166] The assessment of skipping (lack, omission) of an
image and the assessment of misalignment may be executed
in the same manner as the arrangement order assessment
described above.

[0167] As with the image group assessing processor 81
and the selecting processor 821, the image set assessing
processor 83 may include an artificial intelligence engine
configured to execute an assessment whether or not an input
image set has sufficient quality for effective diagnosis.
[0168] The controller 7 may be configured to execute a
control of the communication device 9 to transmit an image
set when the image set assessing processor 83 assesses that
the quality of this image set is satisfactory. For example, the
controller 7 prepares transmission information including
such an image set, and then controls the communication
device 9 to transmit this transmission information to a
predesignated external device.
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[0169] Possible modes or aspects of outputting an image
set (and other information) from the slit lamp microscope 1
are not limited to transmission. Examples of output modes
other than transmitting include storing in a storage (e.g.,
database), recording on a recording medium, printing on a
printing medium, and so forth.

[0170] The controller 7 may be configured to execute a
control for applying another scan to the subject’s eye E when
the image set assessing processor 83 assesses that the quality
of the image set is not satisfactory. In other words, the
controller 7 may be configured to execute a control to
acquire another image group (another image set) when the
image set assessing processor 83 assesses that the quality of
the image set is not satisfactory. For example, the controller
7 may be configured to display predetermined output infor-
mation and/or perform audio (voice) output of predeter-
mined output information. The predetermined output infor-
mation may include contents for prompting or suggesting
the user to conduct re-photographing (another photograph-
ing), for example, contents indicating that the performed
photography (acquisition, image acquisition) was unsuc-
cessful, or that re-photographing is necessary.

[0171] In some other aspect examples, the controller 7
may be configured to send a command to at least the scanner
(the illumination system 2, the photography system 3, the
movement mechanism 6) and the image set forming pro-
cessor 82 in order to automatically start re-photographing
(re-execution of scan application and image set formation)
when the image set assessing processor 83 assesses that the
quality of the image set is not satisfactory.

[0172] Below, several examples of the image group
assessing processor 81 are described with reference to FIG.
5A to FIG. 5D. Note that the image group assessing pro-
cessor 81 is not limited to these examples, and any modi-
fications, such as additions, replacements, and/or omissions,
are possible. In addition, any two or more of these examples
and modifications may be combined at least in part.

[0173] The first example of the image group assessing
processor 81 will be described with reference to FIG. 5A and
FIG. 5B. The present example utilizes artificial intelligence
technology to execute a quality assessment of an image
group. The image group assessing processor 81A shown in
FIG. 5A includes the inferring processor 811 A configured to
execute a quality assessment of an image group using the
inference model 812A.

[0174] The inference model 812A is constructed in
advance by using machine learning with training data
including a plurality of anterior segment images. The device
for constructing the inference model 812 A (inference model
construction device) may be disposed in the slit lamp
microscope 1 (the data processor 8, etc.), or in a peripheral
device (a peripheral computer or the like) of the slit lamp
microscope 1. Alternatively, the inference model construc-
tion device may be a computer other than the peripheral
computer.

[0175] The model constructing processor 90 shown in
FIG. 5B is an example of the inference model construction
device, and is provided in the slit lamp microscope 1 or in
its peripheral device. The model constructing processor 90
includes the learning processor 91 and the neural network
92.
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[0176] In some typical examples, the neural network 92
includes a convolutional neural network (CNN). FIG. 5B
shows an example of the structure of this convolutional
neural network.

[0177] An image is input into the input layer of the neural
network 92. Behind the input layer, a plurality of pairs of a
convolutional layer and a pooling layer is disposed. While
three pieces of pairs of a convolution layer and a pooling
layer are provided in the neural network 92 shown in FIG.
5B, the number of the pairs may be freely selected or
determined.

[0178] In the convolutional layer, a convolution operation
is performed to detect or extract a feature (e.g., contour)
from the input image. This convolution operation is a
multiply-accumulate operation (a multiply-add operation, a
product-sum operation) on the input image. This multiply-
accumulate operation is performed with a filter function (a
weight coefficient, a filter kernel) having the same dimen-
sion as the input image. In the convolutional layer, the
convolution operation is applied to individual parts (indi-
vidual sections, individual portions) of the input image.
More specifically, the convolutional layer is configured to
calculate a product by multiplying the value of each pixel in
a partial image, to which the filter function has been applied,
by the value (weight) of the filter function corresponding to
this pixel, and then calculate the sum of the products over a
plurality of pixels in this partial image. The sum of products
obtained in this way is substituted for the corresponding
pixel in an image to be output from the convolutional layer.
By repetitively performing such multiply-accumulate opera-
tion in parallel with moving sites (parts) to which the filter
function is applied (that is, in parallel with changing or
switching partial images of the input image), a result of the
convolution operation for the entire input image is obtained.
The convolution operation performed in this way gives a
large number of images in which various features have been
extracted using a large number of weight coefficients. This
means that a large number of filtered images, such as
smoothed images and edge images, are obtained. The large
number of images generated by the convolutional layer are
referred to as feature maps (or activation maps).

[0179] The pooling layer executes data compression (e.g.,
data thinning) of the feature maps generated by the convo-
Iutional layer disposed at the immediately preceding posi-
tion. More specifically, the pooling layer calculates statisti-
cal values in predetermined neighboring pixels of a
predetermined pixel of interest in an input feature map at
each predetermined pixel intervals, and outputs an image
having a size smaller than the input feature map. The
statistical values applied to the pooling operation may be
maximum values (max pooling) or average values (average
pooling), for example. The value of the pixel intervals
applied to the pooling operation is referred to as a stride.
[0180] In general, a convolutional neural network extracts
many features from an input image by executing processing
using a plurality of pairs of a convolutional layer and a
pooling layer.

[0181] A fully connected layer is disposed behind the most
downstream pair of a convolutional layer and a pooling
layer. While two pieces of fully connected layers are pro-
vided in the example shown in FIG. 5B, the number of fully
connected layers may be freely selected or determined. The
fully connected layer executes processing such as image
classification, image segmentation, or regression using the
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features compressed by the combination of convolution and
pooling. An output layer is disposed behind the most down-
stream fully connected layer. The output layer gives an
output result.

[0182] Some aspect examples may employ a convolu-
tional neural network including no fully connected layer. For
example, some aspect examples may employ a fully con-
volutional network (FCN). Some aspect examples may
include a support vector machine, a recurrent neural network
(RNN), or any other models. Further, machine learning
applied to the neural network 92 may be transfer learning. In
other words, the neural network 92 may include a neural
network that has already been trained using other training
data (training images) and whose parameters have been
adjusted (tuned). Further, the model constructing processor
90 (the learning processor 91) may be configured in such a
manner that fine tuning can be applied to a trained neural
network (at least part of the neural network 92). The neural
network 92 may be constructed, for example, using a known
open source neural network architecture.

[0183] The learning processor 91 applies machine learn-
ing with training data to the neural network 92. In the case
in which the neural network 92 includes a convolutional
neural network, parameters tuned by the learning processor
91 include, for example, filter coefficients of one or more
convolutional layers therein and connection weights and
offsets of one or more fully connected layers therein.
[0184] The training data of the present example at least
includes a plurality of anterior segment images, as described
above. The plurality of anterior segment images in some
typical examples is images acquired by a slit lamp micro-
scope but is not limited thereto. In some examples, the
plurality of anterior segment images may include any of the
following images: an image acquired using other kinds of
ophthalmic modalities (e.g., fundus camera, OCT apparatus,
SLO, surgical microscope); an image acquired using any
kinds of diagnostic imaging modalities of any clinical
departments other than ophthalmology (e.g., ultrasonic diag-
nostic apparatus, X-ray diagnostic apparatus, X-ray com-
puted tomography (CT) apparatus, magnetic resonance
imaging (MRI) apparatus); an image generated by process-
ing an actual image (image acquired from a living body);
and a pseudo image. Further, the number of pieces of
training data may be increased by using any technique such
as data augmentation.

[0185] The method and technique of training employed for
constructing the inference model may be freely selected
from among any known method and technique, or may be
freely designed based on any known method and technique.
In some examples, the method and technique of the training
may be any of supervised learning, unsupervised learning,
and reinforcement learning. In some alternative examples,
the method and technique of the training may be any
combination of any two or more of supervised learning,
unsupervised learning, and reinforcement learning.

[0186] In some aspect examples, supervised learning is
conducted on the basis of training data in which a label as
a final output is assigned to each input image. For example,
to each of a plurality of anterior segment images included in
the training data, a label is attached in advance, representing
whether or not image interpretation of the corresponding
image is possible. Labels may be generated by, for example,
a doctor or other inference models. The learning processor
91 of the present example may be configured to construct the
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inference model 812A by applying supervised learning using
such training data to the neural network 92.

[0187] The inference model 812A of the present example
constructed in this way is a trained model (learned model)
configured to receive an input of an image obtained by
scanning the anterior segment with slit light, and to generate
an output of a possibility of image interpretation. Note that
a possibility of image interpretation, which is an output of
the inference model 812A, may be a freely selected or
determined type of parameter that shows whether or not an
image group to be assessed is suitable for image interpre-
tation. In some examples, a possibility of image interpreta-
tion may include any of the following options: a result of a
determination (judgment) of whether image interpretation is
possible or impossible; a probability of image interpretation
being able to be conducted; a validity (e.g., accuracy,
precision) of a result obtained by conducting image inter-
pretation, and so forth.

[0188] In order to prevent the overconcentration of pro-
cesses in a specific unit of the neural network 92, the
learning processor 91 may randomly select and invalidate
one or more units and execute learning using the remaining
units. Such a function is referred to as dropout.

[0189] The methods and techniques used for inference
model creation are not limited to the examples shown above.
In some examples, any methods and techniques such as the
following options may be employed for creating an infer-
ence model: support vector machine, Bayes classifier, boost-
ing, k-means clustering, kernel density estimation, principal
component analysis, independent component analysis, self-
organizing map (or self-organizing feature map), random
forest (or randomized trees, random decision forests), and
generative adversarial network (GAN).

[0190] Using the inference model 812A as described
above, the inferring processor 811A shown in FIG. 5A
executes an assessment of a quality of an image group
collected by a single scan of the anterior segment of the
subject’s eye E. More specifically, first, the inferring pro-
cessor 811A inputs an image group or each image included
in the image group into the inference model 812A. In
response to this input, the inference model 812A derives
information representing image interpretation possibility
from the image group or the corresponding image included
in the image group.

[0191] The inferring processor 811A may use the inter-
pretation possibility information output from the inference
model 812A as it is as an inference result, or may generate
an inference result on the basis of the interpretation possi-
bility information. As an example of the latter, the inferring
processor 811A may generate information for display from
the interpretation possibility information, or may execute
predetermined statistical processing.

[0192] The second example of the image group assessing
processor 81 will be described with reference to FIG. 5C.
The present example transforms an image group into a three
dimensional image and then executes a quality assessment.
The image group assessing processor 81B shown in FIG. 5C
includes the three dimensional image constructing processor
811B, the comparing processor 812B, and the assessing
processor 813B.

[0193] The three dimensional image constructing proces-
sor 811B is configured to execute construction of a three
dimensional image from an image group collected by a
single scan of the anterior segment of the subject’s eye E.
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For example, the three dimensional image constructing
processor 811B may be configured to construct stack data by
embedding an image group in a single three dimensional
coordinate system. This stack data is constructed, for
example, by embedding the N number of two dimensional
cross sectional images A1 to AN shown in FIG. 3 into a three
dimensional coordinate system in accordance with the
arrangement (relative positional relationships) of the N
number of positions B1 to BN mentioned above.

[0194] The three dimensional image constructing proces-
sor 811B may be configured to apply a voxelization process
to stack data constructed from an image group to construct
volume data. In addition, the three dimensional image
constructing processor 811B may apply a predetermined
rendering process to stack data or volume data. Examples of
the rendering process include volume rendering and surface
rendering.

[0195] The comparing processor 812B is configured to
execute a comparison between the three dimensional image
(stack data, volume data, rendered image, etc.) constructed
by the three dimensional image constructing processor 811B
and a predetermined reference three dimensional image. The
number of prepared reference three dimensional images is
one or more and freely selected or determined.

[0196] The reference three dimensional image may
include one or more reference three dimensional images
corresponding to normal eyes. A reference three dimensional
image corresponding to a normal eye may be, for example,
an image acquired by performing photography of the normal
eye which is an eye with no disease diagnosed and is also
referred to as a healthy eye. An imaging modality employed
for acquiring this reference three dimensional image may be
freely selected or determined. In some typical examples, the
imaging modality is the slit lamp microscope 1 or a slit lamp
microscope having the same or similar configuration as or to
the slit lamp microscope 1. In addition, the reference three
dimensional image corresponding to a normal eye may be
either of the following images: an image acquired by per-
forming photography of a model of a normal eye (such as an
eye model); or an image generated by computer graphics
based on a model of a normal eye or a clinical example.
[0197] The reference three dimensional image may
include one or more reference three dimensional images
corresponding to an eye with a disease (affected eye). A
reference three dimensional image corresponding to an eye
with a disease may be, for example, an image acquired by
performing photography of an eye in which a definitive
diagnosis of a specific disease has been made. While an
imaging modality for acquiring such a reference three
dimensional image may be freely selected or determined, a
typical example of the imaging modality is the slit lamp
microscope 1 or a slit lamp microscope having the same or
similar configuration as or to the slit lamp microscope 1. In
addition, a reference three dimensional image corresponding
to an eye with a disease may be either of the following
options: an image acquired by performing photography of a
model of an eye with a disease (such as an eye model); or
an image generated by computer graphics based on a model
of an eye with a disease or a clinical example.

[0198] The comparing processor 812B is configured to
execute image matching between the three dimensional
image constructed by the three dimensional image construct-
ing processor 811B and the reference three dimensional
image, thereby calculating a value of a predetermined
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parameter. This image matching may use any method or
technique such as an image correlation, feature-based
matching, area-based matching, machine learning (learned
model), and so forth. The parameter to be calculated may be
any kind of parameter such as a correlation value, a match-
ing parameter (e.g., angle, scale, similarity, degree of con-
gruity (degree of agreement), etc.), an output parameter of a
trained model, and so forth.

[0199] Such image matching is typically a process of
generating a quantitative representation (i.e., representation
by a numerical value) of a degree (extent) to which a feature
(e.g., the shape and/or structure) of a tissue and/or site
depicted in a three dimensional image is similar to a feature
(e.g., the shape and/or structure) of a standard normal eye
and/or to a feature (e.g., the shape and/or structure) of a
standard eye with a disease. Here, the tissue or the site may
be any of a cornea, an iris, a pupil, a corner angle, and other
parts of an eye.

[0200] The assessing processor 813B is configured to
execute the assessment of the quality of the corresponding
image group based on the parameter value calculated by the
comparing processor 812B. For example, the assessing
processor 813B may be configured to execute the assess-
ment of the quality of the corresponding image group by
executing a comparison between the parameter value cal-
culated by the comparing processor 812B and a predeter-
mined threshold value. Alternatively, the assessing proces-
sor 813B may be configured to execute the assessment of the
quality of the corresponding image group by determining
whether or not the parameter value calculated by the com-
paring processor 812B falls within a predetermined range.
Note that the method or technique used for processing
executed by the assessing processor 813B is not limited to
the above examples, and may be any method or technique
that can be used to derive an assessment result from a value
of a certain parameter.

[0201] The method or technique used for the quality
assessment of an image group executed by using three
dimensional image construction is not limited to the present
example. In some examples, the image group assessing
processor 81 may be configured to be capable of executing
any one or more of the following assessment processing
options in the same manner as the image set assessing
processor 83: an assessment of the arrangement order of a
series of images composing an image group; an assessment
of skipping (lack, omission) of an image among a series of
images composing an image group; and an assessment of
misalignment between a series of images composing an
image group.

[0202] The third example of the image group assessing
processor 81 will be described with reference to FIG. 5D.
The present example executes a quality assessment by way
of a quantitative assessment of an image quality of an image
group. The image group assessing processor 81C shown in
FIG. 5D includes the assessment data generating processor
811C and the assessing processor 812C.

[0203] The assessment data generating processor 811C is
configured to execute generation of image quality assess-
ment data from an image included in an image group
collected by a single scan of the anterior segment of the
subject’s eye E. The image quality assessment data quanti-
tatively represents the image quality of the image group.
[0204] Several examples of image quality assessment pro-
cessing executed by the assessment data generating proces-
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sor 811C will be described. In some aspect examples, the
image quality assessment processing executed by the assess-
ment data generating processor 811C may be a freely
selected or determined kind of processing, and may be
processing conducted by using any known technique or
technology such as any of the following options: signal-to-
noise ratio (SNR); contrast-to-noise ratio (CNR); root mean
square (RMS) granularity; Wiener spectrum; modulation
transfer function (MTF); and quality index (QI).

[0205] In some examples, the assessment data generating
processor 811C calculates a value of a predetermined image
quality assessment index (image quality assessment value)
as image quality assessment data of an image group. An
image quality assessment value may be a freely selected or
determined kind of parameter that quantitatively represents
a quality of an image. In some typical examples, the higher
a quality of an image, the greater an image quality assess-
ment value.

[0206] As an example of the method of calculating an
image quality assessment value, a description will be given
below of a method of calculating an image quality value (IQ
value) used for assessing an image quality of an OCT image.
To begin with, the assessment data generating processor
811C applies a predetermined analysis process (e.g., seg-
mentation) to an assessment region determined in an image
to be assessed. With this analysis process, the assessment
data generating processor 811C detects an image region
corresponding to a tissue (site) of the anterior segment
(referred to as a tissue image region) and an image region
other than the tissue image region (referred to as a back-
ground region or non-tissue image region). The assessment
data generating processor 811C then generates a histogram
of brightness based on the tissue image region and a histo-
gram of brightness based on the background region. Subse-
quently, the assessment data generating processor 811C
calculates an image quality assessment value (IQ value)
based on the degree of overlap between these two histo-
grams. For example, the range of the 1Q value is defined to
be [0, 100] such that the 1Q value=0 when the two histo-
grams are completely overlapping with each other and the
1Q value=100 when the two histograms are completely
separated from each other. This image quality assessment
calculation of some examples may include normalization of
two histograms, generation of a probability distribution
function, calculation of an IQ value using a predetermined
arithmetic expression, and so forth.

[0207] As described thus far, the assessment data gener-
ating processor 811C may be configured to execute the
following processes: the process of identifying a tissue
image region in an image to be assessed corresponding to a
tissue of an anterior segment and identifying a background
region; the process of generating the first histogram showing
a frequency distribution of brightness (brightness frequency
distribution) in the tissue image region; the process of
generating the second histogram showing a brightness fre-
quency distribution in the background region; and the pro-
cess of calculating the image quality assessment value (IQ
value), which is used as an image quality assessment data,
based on the first histogram and the second histogram.
[0208] The assessment processor 812C is configured to
execute an assessment of a quality of the image group based
on the image quality assessment data generated by the
assessment data generating processor 811C. While several
methods and techniques for a quality assessment conducted
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based on image quality assessment data will be described
below, quality assessment methods and techniques are not
limited to these examples and may be freely selected from
known methods and techniques.

[0209] A description is given of the first example of the
quality assessment executed based on image quality assess-
ment data. In the case where an 1Q value is obtained for each
image included in an image group, the assessing processor
812C executes a comparison between each of the plurality of
1Q values obtained for this image group and a predetermined
threshold value. If all of the plurality of 1Q values are equal
to or greater than the threshold value, the assessing proces-
sor 812C determines that the quality of the image group is
satisfactory. On the other hand, if any one or more of the
plurality of IQ values are less than the threshold value, the
assessing processor 812C determines that the quality of the
image group is not satisfactory.

[0210] A description is given of the second example of the
quality assessment executed based on image quality assess-
ment data. In the case where an 1Q value is obtained for each
image included in an image group, the assessing processor
812C executes selection of the lowest 1Q value from among
the plurality of IQ values obtained for this image group, and
executes a comparison between this selected lowest 1Q value
and a predetermined threshold value. If the lowest 1Q value
is equal to or greater than the threshold value, the assessing
processor 812C determines that the quality of the image
group is satisfactory. On the other hand, if the lowest 1Q
value is less than the threshold value, the assessing processor
812C determines that the quality of the image group is not
satisfactory.

[0211] A description is given of the third example of the
quality assessment executed based on image quality assess-
ment data. In the case where an 1Q value is obtained for each
image included in an image group, the assessing processor
812C executes application of a predetermined statistical
calculation to the plurality of IQ values obtained for this
image group, thereby calculating a statistical value. The type
of'this statistical value may be freely selected or determined,
and may be, for example, any of the following options: a
mean value (average value), minimum value, maximum
value, mode, and median value. Note that the case where a
minimum value is used as the statistical value corresponds
to the second example described above. The assessing
processor 812C executes a comparison between the calcu-
lated statistical value and a predetermined threshold value.
Ifthe statistical value is equal to or greater than the threshold
value, the assessing processor 812C determines that the
quality of the image group is satisfactory. On the other hand,
if the statistical value is less than the threshold value, the
assessing processor 812C determines that the quality of the
image group is not satisfactory.

[0212] The processing executed by the assessing proces-
sor 812C is not limited to processing on the basis of image
quality assessment data generated by the assessment data
generating processor 811C. In some examples, the assessing
processor 812C may be configured to be capable of execut-
ing any one or more of the following options of assessment
processing (all of which are described above): an assessment
of the arrangement order of a series of images composing an
image group; an assessment of skipping (lack, omission) of
an image among a series of images composing an image
group; and an assessment of misalignment between a series
of images composing an image group.
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<Processed Image Constructing Processor 85>

[0213] The processed image constructing processor 85 is
configured to construct a processed image from an image
group collected by performing a scan on the anterior eye
segment using slit light. At least one image included in the
image group is used to construct a processed image. The
processed image construction may include freely selected or
designed image processing. While some examples thereof
are described below, processing included in the processed
image construction is not limited to these examples.
[0214] The processed image constructing processor 85 of
some aspect examples may be configured to be capable of
executing three dimensional image construction that is pro-
cessing of constructing a three dimensional image from an
image group. A three dimensional image constructed from
an image group may be, for example, stack data or volume
data. The processed image constructing processor 85 of the
present example may have the same or similar configuration
as or to the three dimensional image constructing processor
811B described above. For example, a combination of
hardware and software forming the processed image con-
structing processor 85 and a combination of hardware and
software forming the three dimensional image constructing
processor 811B may be common at least in part.

[0215] The processed image constructing processor 85 of
some aspect examples may be configured to be capable of
executing a rendering process of constructing a rendered
image of a three dimensional image. The processed image
constructing processor 85 may apply a predetermined ren-
dering process to stack data or volume data obtained by three
dimensional image construction, for example. Examples of
the rendering process include volume rendering and surface
rendering. The processed image constructing processor 85
of the present example may also have the same or similar
configuration as or to the three dimensional image construct-
ing processor 811B.

[0216] The processed image constructing processor 85 of
some aspect examples may be configured to be capable of
executing a process of identifying a partial area in an image
(e.g., segmentation), a process of extracting the partial area
identified (e.g., cropping, trimming), or the like processes.
For example, the processed image constructing processor 85
may be configured to be capable of extracting a region of
interest corresponding to a predetermined site of the sub-
ject’s eye E from an image included in an image group, a
three dimensional image, or a rendered image.

<Misalignment Information Acquiring Processor 86>

[0217] The misalignment information acquiring processor
86 is configured to operate after the execution of follow-up
photography using the slit lamp microscope 1. Follow-up
photography is performed with reference to an image of the
anterior segment of the subject’s eye E acquired in the past
(this image is referred to as the first image of a reference
image), and is performed in order to acquire a new image of
the anterior segment of the subject’s eye E (this new image
is referred to as the second image or a follow-up image). The
reference image and the follow-up image are stored in the
memory 10.

[0218] The controller 7 reads out the reference image and
the follow-up image from the memory 10 and sends these
images to the misalignment information acquiring processor
86. The misalignment information acquiring processor 86 is
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configured to analyze the reference image referred to in
follow-up photography and the follow-up image acquired in
this follow-up photography, thereby acquiring misalignment
information between the reference image and the follow-up
image. The misalignment information represents, in a quan-
titative manner, the degree or extent of the deviation (mis-
alignment, shift) of the position (area, region) of the anterior
segment depicted in the follow-up image with respect to the
position (area, region) of the anterior segment depicted in
the reference image.

[0219] As misalignment information, the misalignment
information acquiring processor 86 calculates, for example,
both misalignment in translation (misalignment in parallel
movement) and misalignment in rotational movement
between the reference image and the follow-up image. The
misalignment in translation includes, for example, informa-
tion representing the amount of translation of the follow-up
image with respect to the reference image within the XY
coordinate system. The amount of translation is referred to
as a translational positional shift. The misalignment in
translation is not limited to this example, and may include
any of translational positional shift information in the YZ
coordinate system, translational positional shift information
in the ZX coordinate system, and translational positional
shift information in the XYZ coordinate system. Similarly,
the misalignment in rotational movement includes, for
example, information representing the amount of rotational
movement of the follow-up image with respect to the
reference image within the XY coordinate system centered
on a predetermined position in the XY coordinate system.
The amount of rotational movement is referred to as a
rotational movement positional shift. The misalignment in
rotational movement is not limited to this example, and may
include any of rotational movement positional shift infor-
mation in the YZ coordinate system, rotational movement
positional shift information in the ZX coordinate system,
and rotational movement positional shift information in the
XYZ coordinate system. The misalignment in translation
and the misalignment in rotational movement may be rep-
resented, for example, as an affine transformation between
the coordinates of the reference image and the coordinates of
the follow-up image. Note that the misalignment informa-
tion acquiring processor 86 may be configured to calculate
only either one of misalignment in translation and misalign-
ment in rotational movement.

[0220] A description will be given of an example of a
method for calculating misalignment in translation and
misalignment in rotational movement. In some aspect
examples, a reference image may include a first scan image
acquired by applying a scan with slit light to the anterior
segment of the subject’s eye E. The first scan image is an
image acquired in the past by the slit lamp microscope 1 or
other apparatus. On the other hand, a follow-up image may
include a second scan image acquired by follow-up photog-
raphy using the first scan image as a reference. The mis-
alignment information acquiring processor 86 may be con-
figured to be capable of acquiring misalignment information
based at least on the first scan image and the second scan
image.

[0221] The follow-up image may include at least one
image (at least one two dimensional cross sectional image)
included in an image group collected in the follow-up
photography (i.e., scanning of the anterior eye segment
using slit light). If this is the case, the misalignment infor-
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mation acquiring processor 86 executes, for example, a
process of identifying a region (a cross section, or a three
dimensional region across two or more images) in the
reference image that corresponds to the cross section rep-
resented by the two dimensional cross sectional image that
is used as a follow-up image. In the case where the reference
image includes an image group (or at least one image (two
dimensional cross sectional image) included therein), the
misalignment information acquiring processor 86 may iden-
tify a two dimensional cross sectional image in the image
group (which is used as a reference image) that corresponds
to the location of the cross section represented by the two
dimensional cross sectional image which is used as a follow-
up image. Here, the misalignment information acquiring
processor 86 may select, from the image group as the
reference image, a two dimensional cross sectional image
corresponding to the cross section closest to the location of
the cross section of the two dimensional cross sectional
image that is used as a follow-up image. Alternatively, the
misalignment information acquiring processor 86 may be
configured to execute the following processes: the process of
selecting, from the image group that is used as a reference
image, two or more two dimensional cross sectional images
located in the vicinity of the location of the cross section of
the two dimensional cross sectional image that is used as a
follow-up image; and the process of constructing a new two
dimensional cross sectional image by synthesizing (com-
posing) the two or more two dimensional cross sectional
images selected. The two dimensional cross sectional image
newly constructed in this way may be used as a reference
image.

[0222] In the case where the follow-up image includes at
least one or more images of the image group, the reference
image may be a three dimensional image such as stack data
or volume data, or a rendered image. In this case, the
misalignment information acquiring processor 86 may
execute, for example, a process of identifying a region (e.g.,
a cross section, a three dimensional region, etc.) in the
reference image that corresponds to the cross section rep-
resented by the two dimensional cross sectional image that
is used as a follow-up image. In another example, the
misalignment information acquiring processor 86 may be
configured to construct a processed image such as a three
dimensional image or a rendered image from a plurality of
two dimensional cross sectional images that are used as
follow-up images, and then construct a reference image
corresponding to the cross section represented by the two
dimensional cross sectional image used as a follow-up
image based on the processed image used as a reference
image and the processed image used as a follow-up image.

[0223] The follow-up image may include a processed
image constructed by the processed image constructing
processor 85. As described above, a processed image may
be, for example, a three dimensional image such as stack
data or volume data, a rendered image, or like images. In the
case where the follow-up image includes a processed image,
the misalignment information acquiring processor 86
executes, for example, a process of identifying a region (e.g.,
a cross section, a three dimensional region, etc.) in the
reference image that corresponds to the region represented
by the processed image used as the follow-up image. In the
case where the reference image includes an image group (or
at least one image (two dimensional cross sectional image)
included therein), the misalignment information acquiring
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processor 86 may identify a region in the image group to be
used as the reference image. Here, the identified region in
the image group corresponds to the location of the region
represented by the processed image used as the follow-up
image. In the case where the reference image includes a
processed image such as a three dimensional image or a
rendered image, the misalignment information acquiring
processor 86 may construct a reference image, based on a
processed image used as a reference image and a processed
image used as a follow-up image, that corresponds to the
region represented by the processed image used as the
follow-up image.

[0224] Comparative analysis between a reference image
and a follow-up image may include freely selected or
designed image processing, such as feature point extraction,
segmentation, labeling, pattern matching, template match-
ing, thresholding, binarization, edge detection, image cor-
relation, masking, and so forth.

[0225] An example of processing for generating misalign-
ment information will be described. To begin with, the
misalignment information acquiring processor 86 executes
analysis of a reference image to identify an image position
(i.e., pixel position) corresponding to a predetermined char-
acteristic site (feature site) of the anterior segment of the
subject’s eye E. Similarly, the misalignment information
acquiring processor 86 executes analysis of a follow-up
image to identify an image position (i.e., pixel position)
corresponding to the same characteristic site. The charac-
teristic site may be, for example, any of the corneal apex, the
corneal edge, the center of the pupil, the pupil edge, a feature
point of the iris pattern, the corner angle, a lesion, and other
sites.

[0226] Next, the misalignment information acquiring pro-
cessor 86 determines the positional shift (displacement,
positional difference, positional deviation) between the
coordinates of the image position identified for the reference
image and the coordinates of the image position identified
for the follow-up image. This positional shift determining
process may be executed by, for example, determining
elements (entries) of an affine transformation matrix, for
each of the image positions of a plurality of characteristic
sites, through substituting the coordinates of a correspond-
ing image position in the reference image and the coordi-
nates of this corresponding image position in the follow-up
image into the well-known transformation formula for two
dimensional affine transformation. Here, the coordinates of
an image position are represented as address information
assigned in advance to each pixel. The affine transformation
matrix derived in this way contains information of both the
misalignment in translation and the misalignment in rota-
tional movement between the reference image and the
follow-up image.

<Assessment Value Calculating Processor 87>

[0227] The assessment value calculating processor 87 is
configured to calculate an assessment value of an error in a
scan position during follow-up photography based on mis-
alignment information acquired by the misalignment infor-
mation acquiring processor 86. Examples of the assessment
value include the following values: an assessment value
calculated based on the area (size) of a predetermined image
region defined by the scan position of a reference image and
the scan position of a follow-up image; and an assessment
value based on the positional shift between the scan position
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of a reference image and the scan position of a follow-up
image. Note that the factors used for calculating an assess-
ment value are not limited to these examples, and it is also
possible to calculate an assessment value based on another
factor. Alternatively, an assessment value may be calculated
by combining different factors.

[0228] FIG. 6 shows an example of the configuration of
the assessment value calculating processor 87. The assess-
ment value calculating processor 87 A of the present example
includes the relative position calculating processor 871, the
determining processor 872, the area calculating processor
873, the positional shift calculating processor 874, and the
assessment value calculating processor 875. The process of
calculating an assessment value based on the area (size)
described above, is executed by the relative position calcu-
lating processor 871, the determining processor 872, and the
area calculating processor 873. The process of calculating an
assessment value based on the positional shift described
above, is executed by the relative position calculating pro-
cessor 871, the positional shift calculating processor 874,
and the assessment value calculating processor 875.

[0229] Follow-up photography information (described
later) stored in the memory 10 includes reference scan
position information and follow-up scan position informa-
tion. Here, the reference scan position information repre-
sents a scan position corresponding to a reference image,
and the follow-up scan position information represents a
scan position corresponding to a follow-up image acquired
by the follow-up photography. The scan position corre-
sponding to a reference image is referred to as a reference
scan position, and the scan position corresponding to a
follow-up image is referred to as a follow-up scan position.
The relative position calculating processor 871 is configured
to calculate relative position information between the refer-
ence scan position and the follow-up scan position based on
the misalignment information acquired by the misalignment
information acquiring processor 86.

[0230] As mentioned above, follow-up photography is
conducted in order to reproduce a specific position where a
scan has been applied in the past and apply a new scan to the
position reproduced. According to this purpose, the refer-
ence scan position and the follow-up scan position are
ideally the same. However, considering the effects of eye
movements, photographing environment, and so forth, it is
practically difficult to perfectly reproduce a past scan posi-
tion. On the other hand, absence of these effects allows the
reference scan position and the follow-up scan position to be
matched. Therefore, the relative position between these scan
positions corresponds to the misalignment of the subject’s
eye E caused by eye movements, in other words, the
misalignment between the reference image and the follow-
up image. Such misalignment is acquired as misalignment
information by the misalignment information acquiring pro-
cessor 86.

[0231] The relative position calculating processor 871 is
configured to calculate the position corresponding to the
reference scan position in the follow-up image, that is, an
ideal scan position that would be achieved if the reference
scan position were reproduced perfectly by, for example,
shifting the reference scan position by the amount of mis-
alignment shown in the misalignment information. The
relative position information represents the relative position
between this ideal scan position and the position of a scan
performed in the actual follow-up photography, that is,
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between this ideal scan position and the follow-up scan
position. Thus, the relative position information is substan-
tially equivalent to the misalignment information. It should
be noted that misalignment information represents the posi-
tional shift between images while relative position informa-
tion represents the positional shift between scan positions.
The relative position calculating processor 871 sends the
obtained relative position information to the determining
processor 872 and the positional shift calculating processor
874.

[0232] The relative position between the reference scan
position and the follow-up scan position exhibits various
aspects such as the examples shown in FIG. 7A to FIG. 7D.
In FIG. 7A to FIG. 7D, the reference character R denotes the
follow-up scan position and the reference character RO
denotes the reference scan position. The reference scan
position RO is obtained by a positional shift on the basis of
the misalignment information (or the relative position infor-
mation). As can be seen from the above description relating
to the anterior segment scan using slit light and FIG. 3, the
position (area, region) to which a scan is applied is a three
dimensional region of the anterior segment, and the shape of
this three dimensional region in the XY coordinate system,
that is, the shape of the projected image of this three
dimensional region formed on the XY plane, is substantially
rectangular. In the present example, the follow-up scan
position R shows the long axis (the axis along the scan
direction, the axis in the X direction) of the XY projection
image of the three dimensional region of the anterior seg-
ment to which the follow-up scan has been applied. Simi-
larly, the reference scan position RO shows the long axis of
the XY projection image of the three dimensional region to
which the reference scan has been applied.

[0233] Possible definitions of a reference scan position
and a follow-up scan position are not limited to the above
examples. In some examples, a scan position may be defined
based on any of the top edge, bottom edge, side edge,
diagonal line, apex, and other feature positions of an XY
projection image. Further, possible definitions of a reference
scan position and a follow-up scan position are not limited
to definitions in a two dimensional manner as in the present
examples. For example, definitions of a reference scan
position and a follow-up scan position may be a three
dimensional definition on the basis of a three dimensional
region.

[0234] FIG. 7A shows an example of a case in which
misalignment only includes misalignment in translation.
FIG. 7B shows an example of a case in which misalignment
only includes misalignment in rotational movement and
both scan positions intersect each other in the vicinities of
their centers. FIG. 7C shows an example of a case in which
misalignment only includes misalignment in rotational
movement and both scan positions intersect each other in the
vicinities of their scan start positions. FIG. 7D shows an
example of a case in which misalignment includes both
misalignment in translation and misalignment in rotational
movement. Note that FIG. 7A to 7D are merely examples of
the aspects of the relative positions of the scan positions, and
possible aspects of the relative positions of the scan posi-
tions are not limited to these examples.

[0235] The determining processor 872 is configured to
determine whether or not there is a common position
between the reference scan position and the follow-up scan
position based on the misalignment information (or the
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relative position information). The common position repre-
sents a position (area, region) where the reference scan
position and the follow-up scan position overlap each other,
that is, a position (area, region) where the reference scan
position and the follow-up scan position intersect each other.

[0236] The common position may be any of a zero dimen-
sional region (point), a one dimensional region (line), a two
dimensional region (plane), and a three dimensional region
(solid). In FIG. 7A to FIG. 7D, the reference scan position
and the follow-up scan position are both represented by line
segments (arrows). In these cases, the common position is a
point (intersection point) if the reference scan position and
the follow-up scan position intersect each other, and there is
no common position if they do not intersect. Although not
shown in the drawings, in the case where the direction of the
positional shift of the follow-up scan position with respect to
the reference scan position has only a component in the
length direction of these scan positions, and where the
amount of this positional shift is less than the lengths of
these scan positions, then the common position of these two
scan positions is a one dimensional region.

[0237] The process of determining whether or not there is
a common position, is executed based on the coordinates of
the reference scan position and the coordinates of the
follow-up scan position in the follow-up image. For
example, the determining processor 872 checks the coordi-
nates of the reference scan position and the coordinates of
the follow-up scan position against each other. Then, the
determining processor 872 determines that there is a com-
mon position if there are common coordinates between these
scan positions, and determines that there is no common
position if there are no common coordinates between these
scan positions. This process also provides the coordinates of
the common position in the follow-up image. These coor-
dinates are defined, for example, in a coordinate system
defined in advance for the follow-up image.

[0238] The determining processor 872 sends a result of the
determination regarding the common position (e.g., pres-
ence or absence of the common position, coordinates of the
common position, etc.) to the area calculating processor 873.

[0239] The area calculating processor 873 is configured to
calculate the area (size) of a two dimensional region defined
by the reference scan position and the follow-up scan
position based on the misalignment information (or the
relative position information). As described above, the mis-
alignment information and the relative position information
are substantially equivalent to each other. The two dimen-
sional region whose area is to be calculated is a partial
region of the follow-up image. A method of defining a two
dimensional region from two scan positions is determined in
advance. The area calculating process may be executed in a
freely selected or designed manner. The area calculating
process may include, for example, any of a process of
counting the number of pixels in the two dimensional region,
a process of obtaining a mathematical expression (e.g.,
formula, equation, etc.) representing the boundary region
(the outer edge region) of the two dimensional region, an
integral calculation, and other processes. Further, the area,
which is a result of the area calculating process, may be
represented by a numerical value that uniquely expresses the
size (dimension) of the two dimensional region. Examples
of such numerical representation include the length of the
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outer edge (boundary, circumference) of the two dimen-
sional region, and the distance across the two dimensional
region.

[0240] The area calculating processor 873 may be config-
ured to execute different arithmetic processes according to
determination results obtained by the determining processor
872 in the area calculating process. In some example cases,
the area calculating processor 873 executes different arith-
metic processes depending on whether or not there is a
common position between the reference scan position and
the follow-up scan position. Some specific examples of such
cases will be described below. These specific examples
consider the cases where the two scan positions are defined
by line segments, and separately consider the cases where
the two scan positions intersect each other and cases where
the two scan positions do not intersect each other. In other
words, these specific examples separately consider the cases
where a common position exists and the cases where a
common position does not exist. Furthermore, the cases
where the two scan positions intersect each other, are
divided into the following two different subcases: the sub-
cases where their intersection is located at an edge point(s)
of the scan position(s); and the subcases where their inter-
section is located at a location different from an edge
point(s) of the scan position(s). The process of determining
whether or not the intersection is located at an edge point can
be performed easily by referring to the coordinates of the
two scan positions and the coordinates of their intersection.
Note that the edge points of a scan position are the scan start
point and the scan end point of the scan position of the shape
of a line segment. In the specific examples below, there is
only one intersection because the scan positions are of line
segment shapes. On the other hand, in the case where at least
one of scan positions is of a curved shape, there can be two
or more intersections therebetween.

[0241] In the case where the two scan positions intersect
each other as shown in FIG. 7B and FIG. 7C, the area
calculating processor 873 calculates the area of a two
dimensional region defined by the edge points of the two
scan positions and the intersection of the two scan positions.
More specifically, the area calculating processor 873 may
execute the following calculation processes: a process of
calculating the area of the triangle formed by respective two
edge points of the two scan positions located on one side
with respect to the intersection and the intersection of the
two scan positions; a process of calculating the area of the
triangle formed by the respective two edge points of the two
scan positions located on the other side with respect to the
intersection and the intersection of the two scan positions;
and a process of calculating the sum of the areas of the two
triangles. Then, the area calculating processor 873 may
define the sum of the areas of the two triangles to be the area
of the two dimensional region of the present case.

[0242] For example, in the case where the intersection is
located at a position other than the edge points of the scan
positions as shown in FIG. 7B, the area calculating proces-
sor 873 executes calculation as described based on FIG. 8A.
More specifically, the area calculating processor 873 calcu-
lates the area of the triangle TR1 whose three vertices are the
edge point ROE of the scan position RO, the edge point RE
of the scan position R, and the intersection C of the scan
positions RO and R. Here, the edge point ROE is the scan end
point of the scan position RO and the edge point RE is the
scan end point of the scan position R, and the edge points
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ROE and RE are both located on the right side with respect
to the intersection C. In addition, the area calculating
processor 873 calculates the area of the triangle TR2 whose
three vertices are three vertices are the edge point ROS of the
scan position RO, the edge point RS of the scan position R,
and the intersection C of the scan positions RO and R. Here,
the edge point ROS is the scan start point of the scan position
RO and the edge point RS is the scan start point of the scan
position R, and the edge points ROS and RS are both located
on the left side with respect to the intersection C. Then, the
area calculating processor 873 adds the calculated area of
the triangle TR1 and the calculated area of the triangle TR2.
This sum is used as a value of the area of the two dimen-
sional region which is the purpose of the calculation.
[0243] Another example is with respect to the case in
which the two scan positions intersect at their respective
edge points as shown in FIG. 7C (the two scan positions
intersect at their respective scan start points). In this case, the
area calculating processor 873 may calculate the area of the
triangle TR whose three vertices are the intersection C of the
two scan positions RO and R, the scan end point of the
reference scan position RO, and the scan end point of the
follow-up scan position R as shown in FIG. 8B. Here, the
intersection C corresponds to the scan start point of the scan
position RO and the scan start point of the scan position R.
[0244] In the case where the intersection of the two scan
positions (the first and second scan positions) is located at
the first edge point of the first scan position and at a point of
the second scan position other than its edge points, the area
calculating processor 873 may calculate, for example, the
area of the triangle whose three vertices are the intersection
of the two scan positions, the second edge point of the first
scan position on the opposite side to the first edge point, and
one edge point of the second scan position. Here, the one
edge point of the second scan position is, for example, the
edge point of the second scan position that is located on the
same side as the second edge point of the first scan position.
[0245] In the case where the two scan positions RO and R
do not intersect each other as shown in FIG. 7A and FIG. 7D,
the area calculating processor 873 may calculate the area of
a quadrilateral defined by the two scan positions RO and R,
and define the calculated area of the quadrilateral to be the
area of the two dimensional region which is the purpose of
the calculation. More specifically, in the case where the two
scan positions R0 and R do not intersect each other, the area
calculating processor 873 may calculate the area of the
quadrilateral QU, as shown in FIG. 8C or FIG. 8D. Here, the
quadrilateral QU has the reference scan position RO and the
follow-up scan position R as two of the four sides, and two
line segments that do not intersect each other and respec-
tively connect two pair of edge points of the two scan
positions RO and R as the remaining two sides.

[0246] The area calculating processor 873 sends the area
calculated in the way as described above, to the assessment
value calculating processor 875. Note that while the present
example is configured to calculate an assessment value using
an area, possible parameters of sizes that can be used for
assessment value calculation are not limited to areas, and
may be a freely selected or determined parameter such as
volumes, lengths, or other size representations.

[0247] The positional shift calculating processor 874 is
configured to calculate the positional shift between the
reference scan position and the follow-up scan position
based on the misalignment information (or the relative
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position information) generated by the misalignment infor-
mation acquiring processor 86. The method of calculating a
positional shift may be freely selected or designed. An
example of the method of calculating a positional shift will
be described with reference to FIG. 9.

[0248] FIG. 9 shows the reference scan position RO of a
line segment shape and the follow-up scan position R of a
line segment shape. It should be noted that whether or not
the two scan positions RO and R intersect each other may be
irrelevant in positional shift calculation.

[0249] To begin with, the positional shift calculating pro-
cessor 874 identifies a predetermined position on the refer-
ence scan position RO and a predetermined position on the
follow-up scan position R. This position identifying process
may be executed based on the coordinates of each point of
the scan position RO (R). Examples of the predetermined
positions to be identified include a scan start point, a scan
end point, a midpoint, and other feature points. Note that
when considering a scan position of a form other than a line
segment, a predetermined position on this scan position to be
identified may be a position corresponding to the shape of
this scan position. Further, the same type of predetermined
position is applied to the two scan positions to be compared.
For example, when the scan start point is used as a prede-
termined position, the scan start point is identified from each
scan position. In some examples, a plurality of types of
predetermined positions may be identified from each scan
position. If this is the case, corresponding type information
is associated with each predetermined position identified.
[0250] Next, the positional shift calculating processor 874
calculates the positional shift between the coordinates of the
predetermined position identified from the reference scan
position RO and the coordinates of the predetermined posi-
tion identified from the follow-up scan position R. This
positional shift calculating process may be executed, for
example, using a two dimensional coordinate system defined
in advance for the follow-up image. The positional shift may
be determined by counting the number of pixels between the
two predetermined positions. The positional shift calculated
in this process is defined to be the positional shift between
predetermined positions of the same type. For example, the
positional shift calculated is the positional shift between two
scan start points, but not the positional difference between a
scan start point and a midpoint.

[0251] FIG. 9 shows a case where three types of positions
are applied as the predetermined position described above.
The three types of positions are a scan start point, a scan end
point, and a midpoint. In FIG. 9, the reference character DS
denotes the positional shift between the scan start point ROS
of the reference scan position RO and the scan start point RS
of'the follow-up scan position R. The reference character DE
denotes the positional shift between the scan end point ROE
of the reference scan position RO and the scan end point RE
of the follow-up scan position R. Further, the reference
character DM denotes the positional shift between the
midpoint ROM of the reference scan position RO and the
midpoint RM of the follow-up scan position R.

[0252] The positional shift calculating processor 874
sends the positional shifts obtained in the way as described
above, to the assessment value calculating processor 875.
[0253] The assessment value calculating processor 875 is
configured to calculate a value used for assessing an error in
a scan position of follow-up photography. This value is
referred to as an assessment value. As information used for
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this assessment value calculating process, the information
on the area obtained by the area calculating processor 873
and the information on the positional shift obtained by the
positional shift calculating processor 874 are input into the
assessment value calculating processor 875. Described
below are an example of an assessment value calculating
process on the basis of the area, an example of an assessment
value calculating process on the basis of the positional shift,
and an example of an assessment value calculating process
on the basis of both the area and the positional shift.
[0254] Note that possible types of information (param-
eters) that can be used in assessment value calculating
processes are not limited to these examples, and may be a
freely selected or determined type of information that
reflects an error in a scan position of follow-up photography.
The assessment value calculating processor 875 is config-
ured to calculate an assessment value by executing process-
ing determined or designed in advance according to the type
of information employed.

[0255] As an example of the process of calculating an
assessment value from the area of the image region calcu-
lated by the area calculating processor 873, the assessment
value calculating processor 875 may execute an arithmetic
process of subtracting the product of the area of the image
region and a predetermined weight from a predetermined
maximum value for assessment value.

[0256] The arithmetic process of the present example is
expressed, for example, by the following equation: S,=S,
max—ax(Area). Here, “S;” denotes an assessment value on
the basis of an area, “S, .. denotes a maximum value of
this assessment value set in advance, “a” denotes a weight
set in advance, and “Area” denotes the area calculated by the
area calculating processor 873. The maximum value S,
max” may be freely set, and the weight “a” may also be freely
set. The maximum value “S,  _** may be set to 100, for
example. The weight “a” may be determined based on, for
example, the magnitude of a value set as the maximum
value, the magnitude of the value of the area, or other
factors.

[0257] According to the arithmetic process of the present
example as described above, the smaller the area becomes,
the larger the value of the assessment value S; becomes. In
other words, the smaller the error in the scan position of
follow-up photography becomes, the larger the value of the
assessment value S; becomes.

[0258] As an example of the process of obtaining an
assessment value from the positional shift calculated by the
positional shift calculating processor 874, the assessment
value calculating processor 875 may execute an arithmetic
process of subtracting the product of this positional shift and
a predetermined weight from a predetermined maximum
value of assessment value.

[0259] The arithmetic process of the present example is
expressed, for example, by the following equation: S,=S,
max—(bxDM+cxDS+dxDE). Here, “S,” denotes an assess-
ment value on the basis of a positional shift, “S, .~
denotes a maximum value of the assessment value set in
advance, and “b”, “c”, and “d” denote weights set in
advance. Further, “DM” denotes the positional shift between
the midpoints calculated by the positional shift calculating
processor 874, “DS” denotes the positional shift between the
scan start points calculated by the positional shift calculating
processor 874, and “DE” denotes the positional shift
between the scan end points calculated by the positional
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shift calculating processor 874. The maximum value “S,
max” and the weights “b”, “c”, and “d” may be freely
determined. For example, the maximum value “S, , . may
be set to 100, and the weights “b”, “c”, and “d” may be
determined based on the magnitude of a value set as the
maximum value, the magnitude of the value of the area, or
other factors.

[0260] According to the arithmetic process of the present
example as described above, the smaller the positional shift
becomes, the larger the value of the assessment value S,
becomes. In other words, the smaller the error in the scan
position of follow-up photography becomes, the larger the
value of the assessment value S, becomes. Note that while
the present example considers the three types of points,
namely, the midpoints, the scan start points, and the scan end
points, in order to calculate an assessment value, some other
examples may consider only one or two of the three types of
points in order to calculate an assessment value. Alterna-
tively, it is also possible to calculate a positional shift
between points of a type other than the three types, and take
this positional shift into account.

[0261] In some examples of the process of obtaining an
assessment value based on both the area of the image region
calculated by the area calculating processor 873 and the
positional shift calculated by the positional shift calculating
processor 874, the assessment value calculating processor
875 may use an arithmetic equation derived by combining
the arithmetic equations of the two cases described above.
[0262] The arithmetic equation of the present example
may be expressed as follows, for example: S=§,  —ax
(Area)-(bxDM+cxDS+dxDE). Here, “S2 denotes an assess-
ment value on the basis of both the area and the positional
shift, “S,,,..” denotes a maximum value of assessment value
determined in advance, “a” to “d” denote weights deter-
mined in advance, and “Area” denotes the area calculated by
the area calculating processor 873. “DM”, “DS”, and “DE”
denote the positional shift between the midpoints, the posi-
tional shift between the scan start points, and the positional
shift between the scan end points, which are calculated by
the positional shift calculating processor 874, respectively.
The maximum value S,,,, and the weights “a” to “d” may be
freely determined. For example, the maximum value S, .
may be set to 100, and each of the weights “a” to “d” may
be determined based on the magnitude of a value set as the
maximum value, the magnitude of the value of the area, or
other factors.

[0263] According to the arithmetic process of the present
example as described above, the smaller any one of or both
the area and the positional shift becomes, the larger the value
of the assessment value S becomes. In other words, the
smaller the error in the scan position of follow-up photog-
raphy becomes, the larger the value of the assessment value
S becomes.

[0264] Information on the assessment value calculated by
the assessment value calculating processor 875 (or the
assessment value calculating processor 87) in the way as
described above is sent to the acceptability determining
processor 88.

<Acceptability Determining Processor 88>

[0265] The acceptability determining processor 88 is con-
figured to determine acceptability of the follow-up photog-
raphy based on the assessment value calculated by the
assessment value calculating processor 87. Here, the
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“acceptability” of follow-up photography refers to whether
or not the follow-up photography has been carried out in a
satisfactory (appropriate, suitable) manner. The acceptabil-
ity determining process is executed, for example, by com-
paring the assessment value calculated by the assessment
value calculating processor 87 with a numerical range
determined in advance.

[0266] Below, a description will be given of a specific
example of the processing executed by the acceptability
determining processor 88. In the case where an assessment
value increases as an error decreases as in the examples
described above, the acceptability determining processor 88
may compare the calculated assessment value with a pre-
determined threshold value to judge whether or not the
assessment value is equal to or greater than the threshold
value. When it is determined that the assessment value is
equal to or greater than the threshold value, the acceptability
determining processor 88 obtains a determination result that
the corresponding follow-up photography has been per-
formed under a satisfactory condition. Conversely, when the
assessment value is determined to be less than the threshold
value, the acceptability determining processor 88 obtains a
determination result that the corresponding follow-up pho-
tography has not been performed under a satisfactory con-
dition.

[0267] Note that while the example described above uses
a single threshold value, it is also possible to apply two or
more different threshold values in a stepwise manner in
order to determine the acceptability of follow-up photogra-
phy.

[0268] The acceptability determining processor 88 sends
the acquired determination result to the controller 7. The
controller 7 may store the received determination result into
the memory 10. The controller 7 may execute a control of a
display device to display the received determination result.
The controller 7 may execute a control of the communica-
tion device 9 to transmit the received determination result to
another apparatus.

[0269] In the case where the slit lamp microscope 1 is
configured to be capable of outputting (e.g., displaying,
outputting audio (voice), etc.) the assessment value calcu-
lated by the assessment value calculating processor 87, there
is no need to provide the acceptability determining processor
88 therein. If this is the case, the user can determine the
acceptability of follow-up photography based on the assess-
ment value output from the slit lamp microscope 1.

<Communication Device 9>

[0270] The communication device 9 performs data com-
munication between the slit lamp microscope 1 and another
apparatus (external device). In other words, the communi-
cation device 9 performs transmission of data to another
apparatus and reception of data transmitted from another
apparatus.

[0271] For example, the communication device 9 is con-
figured to be capable of performing transmission of at least
one or more images of an image group collected by scanning
the anterior segment of the subject’s eye E with slit light to
another device (first external device). Further, the commu-
nication device 9 is configured to be capable of performing
transmission of data generated from such an image group by
the data processor 8 to another device (second external
device). The first external device and the second external
device may be the same device or may be different devices.



US 2023/0301511 Al

In the case where the first external device and the second
external device are the same, this external device may be any
of the following devices, for example: an image interpreta-
tion computer terminal, an image interpretation apparatus,
and a computer configured to execute processing different
from the processing executed by the data processor 8. On the
other hand, in the case where the first external device and the
second external device are different, the first external device
may be any of an image interpretation computer terminal, an
image interpretation apparatus, a computer configured to
execute processing same as or similar to the processing
executed by the data processor 8, and a computer configured
to execute processing different from the processing executed
by the data processor 8, and the second external device may
be any of an image interpretation computer terminal, an
image interpretation apparatus, and a computer configured
to execute processing different from the processing executed
by the data processor 8. In the case where the first external
device and the second external device are different, the
controller 7 may be configured to execute selection of a
destination external device according to the type of data to
be transmitted.

[0272] The communication device 9 is configured to be
capable of transmitting any of the following kinds of data or
information to an external device: a processed image con-
structed by the processed image constructing processor 85;
misalignment information generated by the misalignment
information acquiring processor 86; an assessment value
calculated by the assessment value calculating processor 87;
and a determination result obtained by the acceptability
determining processor 88.

[0273] Before follow-up photography is performed, the
communication device 9 may receive, from an external
device, an anterior segment image acquired in the past from
a target patient (subject). Further, the communication device
9 may receive, from an external device, information regard-
ing photography conditions when the anterior segment
image was obtained. These external devices may typically
be a freely selected or determined medical system. In some
specific examples, the medical system may include a medi-
cal image management system such as a Picture Archiving
and Communication System (PACS), an electronic medical
record system, or other systems. The controller 7 stores, into
the memory 10, the anterior segment image and/or the
information regarding photography conditions received
from the external devices. The anterior segment image may
be used as a reference image in follow-up photography. The
information regarding photography conditions may be used
for setting a condition of follow-up photography.

[0274] The system or method of the data communication
executed by the communication device 9 may be selected
accordingly. For example, the communication device 9 may
include any one or more of various kinds of communication
interfaces such as a communication interface conforming to
the Internet, a communication interface conforming to a
dedicated line, a communication interface conforming to a
local area network (LAN), and a communication interface
conforming to near field communication. The data commu-
nication may include any one of or both wireless commu-
nication and wired communication.

[0275] Data sent and/or received by the communication
device 9 may be encrypted. If encryption is used, for
example, any one of or both the controller 7 and the data
processor 8 include(s) at least one of an encryptor and a
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decryptor. The encryptor is configured to encrypt data to be
sent by the communication device 9. The decryptor is
configured to decrypt data having been received by the
communication device 9.

<Memory 10>

[0276] The memory 10 retains various kinds of data. For
example, the memory 10 may retain any of the following
kinds of data or information: an image group collected by
scanning the anterior segment of the subject’s eye E with slit
light; an image set formed from two or more image groups;
analysis data generated by image analysis; a processed
image constructed by the processed image constructing
processor 85; misalignment information generated by the
misalignment information acquiring processor 86; an assess-
ment value calculated by the assessment value calculating
processor 87; and a determination result obtained by the
acceptability determining processor 88. The controller 7 is
configured to execute processing of storing data into the
memory 10 and processing of reading out data from the
memory 10. The data storing process and data reading-out
process are executed at the appropriate times in various
kinds of operations of the slit lamp microscope 1.

[0277] The memory 10 retains follow-up photography
information including predetermined types of information.
The follow-up photography information is information
related to photography performed in the past (past photog-
raphy). The past photography may be follow-up photogra-
phy and/or non-follow-up photography. The follow-up pho-
tography information may include at least the following
items, for example: an image of the anterior segment of the
subject’s eye E that was referred to in follow-up photogra-
phy performed in the past (e.g., the first image, reference
image); and an image of the anterior segment of the subject’s
eye E that was acquired in this follow-up photography (e.g.,
the second image, follow-up image).

[0278] Further, the follow-up photography information
may also include reference scan position information and
follow-up scan position information. Here, the reference
scan position information represents a scan position corre-
sponding to a reference image, that is, represents the first
scan position, or the reference scan position, described
above. The follow-up scan position information represents a
scan position corresponding to a follow-up image acquired
by the follow-up photography, that is, represents the second
scan position, or the follow-up scan position, described
above. The reference scan position information and the
follow-up scan position information may include, for
example, control information for the movement mechanism
6 in order to perform a scan, control information for the
illumination system 2 and/or the photography system 3 in
order to perform a scan, and so forth. control information for
the illumination system 2 and/or the photography system 3
may include, for example, control information for the slit
forming member, control information for the image sensor 5,
and so forth. Note that in the case where the slit lamp
microscope 1 is configured to acquire a front image of the
anterior segment in real time while applying a scan with slit
light to the anterior segment (described later), the scan
position information may include the coordinates of the scan
position (scan trajectory) depicted in this front image.

[0279] The memory 10 includes a freely selected types of
storage, and includes at least one of a non-volatile storage
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and a volatile storage. The memory 10 includes, for
example, any one of or both a hard disk drive and a
semiconductor memory.

<Other Elements>

[0280] In addition to the elements shown in FIG. 1A and
FIG. 1B, the slit lamp microscope 1 may further include a
display device and an operation device. In some other aspect
examples, a display device and an operation device may be
peripheral devices of the slit lamp microscope 1.

[0281] The display device is configured to display various
kinds of information under the control of the controller 7.
The display device may include a flat panel display such as
a liquid crystal display (LCD).

[0282] The operation device includes a device for operat-
ing the slit lamp microscope 1 and/or a device for inputting
information. The operation device includes, for example, a
button, a switch, a lever, a dial, a handle, a knob, a mouse,
a keyboard, a trackball, an operation panel, or the like.
[0283] A device such as a touch screen may be employed
in which a display device and an operation device are
integrated (combined).

[0284] The subject (patient) or an assistant may operate
the slit lamp microscope 1 by using the display device and
the operation device.

<Alignment>

[0285] A description will be given of the alignment of the
slit lamp microscope 1 with respect to the subject’s eye E.
Alignment, in general, is an operation to place an optical
system of an apparatus at an appropriate position for pho-
tography or measurement of the subject’s eye E. The align-
ment of the present aspect example is an operation to place
the illumination system 2 and the photography system 3 at
appropriate positions for acquisition of a plurality of anterior
segment images (a series of images, a moving image, an
image group, or an image set) as shown in FIG. 3.

[0286] There are various kinds of methods and techniques
for alignment of an ophthalmic apparatus. While some
alignment methods and techniques will be described below,
alignment methods and techniques applicable to the present
aspect example are not limited to these examples.

[0287] One of the alignment methods and techniques
applicable to the present aspect example is stereo alignment.
Stereo alignment may be applicable to an ophthalmic appa-
ratus capable of photographing an anterior segment from
two or more mutually different directions (two or more
mutually different viewpoints). A specific method of stereo
alignment is disclosed by the present applicant in Japanese
Unexamined Patent Application Publication No. 2013-
248376. Stereo alignment includes, for example, the follow-
ing steps: a step of photographing the anterior segment from
different directions by two or more anterior segment cam-
eras to acquire two or more photographed images; a step of
analyzing the photographed images by a processor to deter-
mine a three dimensional position of the subject’s eye; and
a step of performing a movement control of an optical
system by a processor based on the three dimensional
position determined. With such an alignment operation, the
optical system (the illumination system 2 and the photog-
raphy system 3 in the present example) is brought to and
placed at an appropriate alignment position with respect to
the subject’s eye. The position of the pupil (e.g., the center
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of the pupil or the center of gravity of the pupil) of the
subject’s eye is used as a reference (or an indicator) in a
typical stereo alignment.

[0288] In addition to the stereo alignment described here-
inbefore, any known alignment methods and techniques may
be employed, such as an alignment method or technique
using a Purkinje image formed by alignment light, an
alignment method or technique using an optical lever, or an
alignment method or technique using an alignment indicator.
The alignment method or technique using a Purkinje image
and the alignment method or technique using an optical
lever or an alignment indicator uses the position of the
corneal apex of the subject’s eye as a reference.

[0289] Conventional typical alignment methods and tech-
niques including the above examples are performed for the
purpose of matching the optical axis of an optical system
with the axis of a subject’s eye. On the other hand, the
present aspect example may perform alignment so as to
place the illumination system 2 and the photography system
3 at a position corresponding to the scan start position.
[0290] The first example of the alignment of the present
aspect example may be carried out in the following manner.
First, alignment with reference to the pupil or corneal apex
of the subject’s eye E may be performed by applying any of
the alignment methods and techniques described above.
Then, the illumination system 2 and the photography system
3 may be moved (in the X direction) by a distance corre-
sponding to a standard value of the corneal radius deter-
mined in advance or by a distance corresponding to a value
obtained by adding a standard value of the corneal radius
determined in advance and a predetermined value. Note that
a measurement value of the corneal radius of the subject’s
eye E acquired in advance may be used in place of the
standard value.

[0291] The second example of the alignment of the present
aspect example may be carried out in the following manner.
First, alignment with reference to the pupil or corneal apex
of the subject’s eye E may be performed by applying any of
the alignment methods and techniques described above.
Second, the corneal radius of the subject’s eye E may be
measured by analyzing an image of anterior segment. Third,
the illumination system 2 and the photography system 3 may
be moved (in the X direction) by a distance corresponding
to the measurement value of the corneal radius of the
subject’s eye E or by a distance corresponding to a value
obtained by adding the measurement value of the corneal
radius of the subject’s eye E and a predetermined value. The
image of the anterior segment analyzed in the present
example is an anterior segment image obtained by the
photography system 3 or another image, for example. This
another image here may be an image of any kind, such as an
image obtained by an anterior segment camera, an image
obtained by an anterior segment OCT, or the like.

[0292] The third example of the alignment of the present
aspect example may be carried out in the following manner.
First, the first edge position of the cornea may be determined
by analyzing an image of the anterior segment acquired by
the anterior segment camera for stereo alignment or by the
photography system 3. Then, the illumination system 2 and
the photography system 3 may be moved to a position
corresponding to the first edge position or to a position
shifted (moved, changed) outward from the first edge posi-
tion by a predetermined distance by applying stereo align-
ment.
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[0293] It should be noted that alignment may be per-
formed with reference to the pupil or corneal apex of the
subject’s eye E by applying any of the alignment methods
and techniques described above, and then the scan with slit
light may be started from the position determined by the
alignment. In such a case as well, a scan sequence may be
determined to perform scanning of a three dimensional
region that includes the cornea C such as a three dimensional
region that includes the entire cornea C. For example, the
scan sequence may be determined in such a manner that the
scan is performed to the left from the position determined by
the alignment conducted with reference to the pupil or the
corneal apex and then to the right.

<Some Additional Matters and Items>

[0294] The slit lamp microscope 1 may be provided with
a fixation system configured to output light for fixation of the
subject’s eye E (referred to as fixation light). The fixation
system of some typical examples includes at least one
visible light source (referred to as a fixation light source(s))
or a display device configured to display an image such as
a landscape chart or a fixation target. The fixation system of
some example aspects is arranged coaxially or non-coaxially
with the illumination system 2 or the photography system 3.
The fixation system may include an internal fixation system
and/or an external fixation system. The internal fixation
system is configured to present a fixation target to the subject
through the optical path of an optical system of an apparatus.
The external fixation system is configured to present a
fixation target to the subject from outside the optical path of
an optical system of an apparatus.

[0295] The types (kinds) of images that may be acquired
by the slit lamp microscope 1 are not limited to the plurality
of anterior segment images shown in FIG. 3. For example,
the slit lamp microscope 1 may acquire any of the following
types of images: a three dimensional image constructed
based on the plurality of anterior segment images; a ren-
dered image constructed based on the three dimensional
image; a transillumination image (red reflex image); a
moving image representing movement of a contact lens
applied to the subject’s eye; and an image representing a gap
between a contact lens and the corneal surface by fluorescent
agent administration. A rendered image will be described in
another aspect example. A transillumination image is an
image obtained by a red reflex technique (transillumination)
for depicting opacity and foreign bodies in the eye by using
the retinal reflection of illumination light. Note that the slit
lamp microscope 1 may be configured to be capable of
carrying out fundus photography, corneal endothelial cell
photography, Meibomian gland photography, and any other
imaging modalities.

[0296] The slit lamp microscope 1 (the data processor 8)
may be configured to be capable of executing analysis
processing. In some examples, the slit lamp microscope 1
may be configured to be capable of calculating any anterior
segment parameters. An anterior segment parameter is a
value representing the morphology (shape, form) of an
anterior segment. Examples of anterior eye parameters
include radius of curvature of anterior corneal surface,
radius of curvature of posterior corneal surface, radius of
curvature of anterior surface of crystalline lens, radius of
curvature of posterior surface of crystalline lens, corneal
diameter (vertical diameter, horizontal diameter (white-to-
white)), corneal thickness (central thickness, peripheral
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thickness), crystalline lens thickness, anterior chamber
depth, anterior chamber volume, pupil diameter, and pupil
center (eccentricity). The anterior segment parameter(s) may
be shape distribution data, and may include, for example,
corneal shape maps of various kinds such as a curvature map
in the axial direction (axial curvature map), a tangential
curvature map, an elevation map, a refractive power map, a
thickness map (pachymetry map), a wavefront aberration
map. The anterior segment parameter(s) may also include a
corner angle parameter(s). Examples of corner angle param-
eters include angle opening distance (AOD), anterior cham-
ber angle (ACA), trabecular iris space area (TISA), angle
recess area (ARA), and angle-to-angle distance (AtA). The
methods and techniques of anterior segment parameter cal-
culation is publicly known. In some typical examples,
anterior segment parameter calculation may include a pro-
cess of identifying a site and/or a position to be measured
(e.g., a process of segmentation, a process of feature point
detection), and a measurement process of determining a
value of anterior segment parameter based on the site and/or
the position identified (e.g., distance measurement, ratio
calculation, angle calculation).

<Other Aspects of Optical System>

[0297] In the slit lamp microscope of the mode or aspect
described thus far, both a reference image and a follow-up
image are images acquired by applying a scan with slit light
to an anterior eye segment (referred to as scan images), and
misalignment information is generated from these two scan
images. However, a reference image needs not be a scan
image and/or a follow-up image needs not be a scan image.
For example, in the case where a slit lamp microscope is
configured to be capable of acquiring a front image as well
as a scan image, misalignment information may be gener-
ated from the front image. FIG. 10 shows an example of an
optical system of such a slit lamp microscope. In addition to
the element group shown in FIG. 10, the slit lamp micro-
scope of the present aspect example may include, for
example, the above-described controller 7, the above-de-
scribed data processor 8, the above-described communica-
tion device 9, the above-described memory 10, the above-
described display device, and the above-described operation
device, and so forth. The matters and items relating to the slit
lamp microscope 1 described above may be incorporated
into the present aspect example, unless otherwise men-
tioned.

[0298] The illumination system 20 shown in FIG. 10 is an
example of the illumination system 2 of the slit lamp
microscope 1, and the pair of the left photography system
30L and the right photography system 30R is an example of
the photography system 3. In the following, the illumination
system 20 may be referred to as the illumination system 2,
and the left photography system 30L and/or the right pho-
tography system 30R may be referred to as the photography
system 3. Note that some aspect examples may include only
one of the left photography system 30L and the right
photography system 30R, and this single photography sys-
tem may be regarded as an example of the photography
system 3. The reference character 20a denotes the optical
axis of the illumination system 20 (referred to as the
illumination optical axis), the reference character 30La
denotes the optical axis of the left photography system 30L
(referred to as the left photography optical axis), and the
reference character 30Ra denotes the optical axis of the right
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photography system 30R (referred to as the right photogra-
phy optical axis). The orientation of the left photography
optical axis 30La and the orientation of the right photogra-
phy optical axis 30Ra are different from each other. The
angle formed by the illumination optical axis 20a and the left
photography optical axis 30La is denoted by 6L, and the
angle formed by the illumination optical axis 20a and the
right photography optical axis 30Ra is denoted by 6R. The
angle 6L and the angle 6R may be equal to or different from
each other. The illumination optical axis 20a, the left pho-
tography optical axis 30La, and the right photography opti-
cal axis 30Ra intersect at one point. As with FIG. 1A, the Z
coordinate of the intersection is denoted by Z0.

[0299] The movement mechanism 6 is capable of moving
the illumination system 20, the left photography system 30L,,
and the right photography system 30R in the direction
denoted by the arrow 49 (X direction). In some typical
examples, the illumination system 20, the left photography
system 30L, and the right photography system 30R are
mounted on a stage that is movable at least in the X
direction, and the movement mechanism 6 moves the mov-
able stage under a control signal from the controller 7.
[0300] The illumination system 20 is configured to project
slit light onto the anterior segment of the subject’s eye E.
Similar to an illumination system of a conventional slit lamp
microscope, the illumination system 20 includes the illumi-
nation light source 21, the positive lens 22, the slit forming
member 23, and the group of objective lenses 24 and 25 in
the order from the side far from the subject’s eye E.
[0301] The illumination light output from the illumination
light source 21 (typically, visible light) is refracted by the
positive lens 22 and projected onto the slit forming member
23. Part of the illumination light projected onto the slit
forming member 23, passes through the slit formed by the
slit forming member 23 and becomes slit light. The slit light
generated by the slit forming member 23 is refracted by the
group of objective lenses 24 and 25, and then reflected by the
beam splitter 47, and projected onto the anterior segment of
the subject’s eye E.

[0302] The left photography system 30L includes the
reflector 311, the imaging lens 321, and the image sensor
33L. The reflector 31L and the imaging lens 321 direct, to
the image sensor 33L, light coming from the anterior seg-
ment onto which the slit light is being projected by the
illumination system 20 (that is, light coming from the
anterior segment and traveling in the direction toward the
left photography system 30L).

[0303] The light traveling in the direction toward the left
photography system 30L from the anterior eye segment
corresponds to light that not only comes from the anterior
eye segment onto which the slit light is being projected but
also travels in the direction away from the illumination
optical axis 20a. The reflector 31L is arranged to reflect the
light toward a direction approaching the illumination optical
axis 20a. The imaging lens 32L refracts the light reflected by
the reflector 311 and forms an image on the light detecting
plane 34L of the image sensor 33L. The image sensor 331
receives and detects the light by the light detecting plane
34L.

[0304] As in the slit lamp microscope 1 described above,
the left photography system 30L performs repetitive pho-
tography in parallel with movement of the illumination
system 20, the left photography system 30L, and the right
photography system 30R performed by the movement
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mechanism 6. Such operations acquire a plurality of anterior
segment images (image group).

[0305] Also as in the slit lamp microscope 1 described
above, the subject plane along the illumination optical axis
20a, the optical system that includes the reflector 311 and
the imaging lens 32L, and the light detecting plane 34L
satisfy the Scheimpflug condition. More specifically, con-
sidering the deflection of the optical path of the photography
system 30L by the reflector 311, the YZ plane (including the
subject plane) passing through the illumination optical axis
20a, the principal plane of the imaging lens 32L, and the
light detecting plane 34L intersect on the same straight line.
As a result, the left photography system 30L. may perform
photography with all positions in the subject plane (e.g., the
area from the anterior corneal surface to the posterior
crystalline lens surface) in focus.

[0306] The right photography system 30R includes the
reflector 31R, the imaging lens 32R, and the image sensor
33R. Like the left photography system 30L, the right pho-
tography system 30R directs light coming from the anterior
eye segment onto which the slit light is being projected by
the illumination system 20 to the light detecting plane 34R
of the image sensor 33R by the reflector 31R and the
imaging lens 32R. Further, as with the left photography
system 30L, the right photography system 30R acquires a
plurality of anterior segment images (image group) by
performing repetitive photography in parallel with move-
ment of the illumination system 20, the left photography
system 30L, and the right photography system 30R per-
formed by the movement mechanism 6. As in the case of the
left photography system 30L, the subject plane along the
illumination optical axis 20a, the optical system that
includes the reflector 31R and the imaging lens 32R, and the
light detecting plane 34R satisty the Scheimpflug condition.
[0307] The controller 7 may perform synchronization
between the repetitive photography carried out by the left
photography system 30L and the repetitive photography
carried out by the right photography system 30R. With this
synchronization, a correspondence (association, relation-
ship) can be made between a plurality of anterior segment
images obtained by the left photography system 30L and a
plurality of anterior segment images obtained by the right
photography system 30R. This correspondence is a temporal
correspondence (chronological correspondence), and more
specifically, it is a correspondence for establishing a pair of
images acquired at substantially the same time by the left
photography system 30L and the right photography system
30R.

[0308] In some alternative examples, the controller 7 or
the data processor 8 may execute a process of determining
a correspondence between a plurality of anterior segment
images obtained by the left photography system 30L and a
plurality of anterior segment images obtained by the right
photography system 30R. For example, the controller 7 or
the data processor 8 may be configured to form pairs of
images from anterior segment images sequentially input
from the left photography system 301 and anterior segment
images sequentially input from the right photography system
30R, in accordance with their input timings.

[0309] The present aspect example further includes the
moving image acquisition unit 40. The moving image acqui-
sition unit 40 acquires a moving image of the anterior
segment of the subject’s eye E from a fixed position in
parallel with the photography (image acquisition) performed
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by the left photography system 30L and the right photog-
raphy system 30R. This acquisition of a moving image from
the fixed position indicates that the moving image acquisi-
tion unit 40 is not moved while the illumination system 20,
the left photography system 30L and the right photography
system 30R are moved for the anterior segment scanning.
Note that the moving image acquisition unit 40 is also
capable of acquiring a still image.

[0310] The moving image acquisition unit 40 of the pres-
ent aspect example is arranged coaxially with the illumina-
tion system 20; however, possible arrangements are not
limited to this example. For example, the moving image
acquisition unit 40 may be arranged non-coaxially with the
illumination system 20. Further, an optical system may be
provided which projects, onto the anterior eye segment,
illumination light of a wavelength band(s) detectable by the
moving image acquisition unit 40.

[0311] The light transmitted through the beam splitter 47
is reflected by the reflector 48 and enters the moving image
acquisition unit 40. The light that has entered the moving
image acquisition unit 40 is refracted by the objective lens
41 and then forms an image on the light detecting plane of
the image sensor 43 by the imaging lens 42. The image
sensor 43 may be an area sensor. The image sensor 43 is
capable of detecting one of or both wavelength bands of
visible light and infrared light, for example.

[0312] In the case where the moving image acquisition
unit 40 is employed, movement of the subject’s eye E may
be monitored and tracking may be performed. Further,
alignment may be performed using the moving image acqui-
sition unit 40.

[0313] The beam splitter 47 may be a dichroic mirror or a
half mirror, for example, depending on the output wave-
length of the illumination system 20 and the detectable
wavelength of the moving image acquisition unit 40.
[0314] Some features, some actions, and some advanta-
geous effects of the slit lamp microscope of the present
aspect example will be described.

[0315] The present aspect example provides the pair of the
left photography system 30L and the right photography
system 30R as an example of the photography system 3 of
the slit lamp microscope 1 described above. The left pho-
tography system 30L includes the reflector 31L. and the
imaging lens 32L (first optical system), and the image sensor
33L (first image sensor). The first optical system is config-
ured to direct the light coming from the anterior eye segment
onto which the slit light is being projected. The first image
sensor includes the light detecting plane 34L (first light
detecting plane) that receives the light directed by the first
optical system. Likewise, the right photography system 30R
includes the reflector 31R and the imaging lens 32R (second
optical system) and the image sensor 33R (second image
sensor). The second optical system is configured to direct the
light coming from the anterior eye segment onto which the
slit light is being projected. The second image sensor
includes the light detecting plane 34R (second light detect-
ing plane) that receives the light directed by the second
optical system.

[0316] The orientation of the optical axis of the left
photography system 30L (the left photography optical axis
30La) and the orientation of the optical axis of the right
photography system 30R (the right photography optical axis
30Ra) are different from each other. Further, the subject
plane along the optical axis of the illumination system 20
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(the illumination optical axis 20a), the reflector 31L and the
imaging lens 321, and the light detecting plane 34L satisfy
the Scheimpflug condition. Similarly, the subject plane, the
reflector 31R and the imaging lens 32R, and the light
detecting plane 34R satisfy the Scheimpflug condition.

[0317] The left photography system 30L acquires the first
image group by performing repetitive photography in par-
allel with the movement of the illumination system 20, the
left photography system 30L, and the right photography
system 30R performed by the movement mechanism 6.
Likewise, the right photography system 30R acquires the
second image group by performing repetitive photography
in parallel with the movement of the illumination system 20,
the left photography system 30L, and the right photography
system 30R performed by the movement mechanism 6.

[0318] The controller 7 may be configured to perform a
control of the illumination system 20, the left photography
system 30L, the right photography system 30R, and the
movement mechanism 6 in such a manner that, for example,
the left photography system 30L and the right photography
system 30R individually apply a single scan to the anterior
segment of the subject’s eye E in parallel with one another.
The data processor 8 may be configured to form a single
image group by selecting, from the pair of the left image
group and the right image group collected by the parallel
scans, a series of images corresponding to the scan area. The
image group assessing processor 81 is configured to execute
a quality assessment of the image group formed. In the case
where the image group assessing processor 81 determines
that the quality of this image group is satisfactory, the
controller 7 is configured to perform a control of the
communication device 9 to transmit the image group to a
predetermined external device.

[0319] In the case where the image group assessing pro-
cessor 81 determines that the quality of this image group is
not satisfactory, the controller 7 is configured to perform a
control of the illumination system 20, the left photography
system 30L, the right photography system 30R, and the
movement mechanism 6 to apply another scan (one or more
times of scans) to the anterior segment of the subject’s eye
E. With this additional scan, the left photography system
30L collects one or more first image groups corresponding
to the one or more times of scans, and the right photography
system 30R collects one or more second image groups
corresponding to the one or more times of scans. For
example, the image set forming processor 82 may be con-
figured to execute both of the following processes: a process
of forming the first image set by selecting the first series of
images corresponding to the scan area, from among the two
or more first image groups acquired by the first scan and the
additional scan; and a process of forming the second image
set by selecting the second series of images corresponding to
the scan area, from among the two or more second image
groups acquired by the first scan and the additional scan. In
some alternative examples, the image set forming processor
82 may be configured to form an image set by selecting a
series of images corresponding to the scan area, from among
the two or more first image groups and the two or more
second image groups acquired by the first scan and the
additional scan. Any of the matters and items, such as the
configurations, controls, processes, actions, and functions
described in relation to the slit lamp microscope 1, may be
combined with the present aspect example.
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[0320] According to the present aspect example, moving
images of the anterior eye segment onto which the slit light
is being projected can be acquired respectively from mutu-
ally different directions. There may be a case where an
image (first image) acquired by one of the photography
systems contains an artifact while the other image (second
image) substantially simultaneously acquired with the first
image by the other photography system does not contain any
artifact. Further, there may be a case where a pair of images
substantially simultaneously acquired by the two photogra-
phy systems both contain artifacts, and the artifact in one of
the images overlaps a region of interest (e.g., a region onto
which the slit light is being projected (slit light projected
region)) while the artifact in the other image does not
overlap a region of interest. Therefore, the present aspect
example is capable of improving the possibility of being
able to obtain satisfactory (proper, eligible, preferable)
images. As a result, the present aspect example becomes
capable of further improving the probability of being able to
obtain an image group and/or image set of a satisfactory
quality.

[0321] Note that, in addition to the left photography sys-
tem 30L (the first photography system) and the right pho-
tography system 30R (the second photography system), the
photography system 3 may include the third photography
system, . . ., K-th photography system (where K is an integer
equal to or greater than 3) each of which has a similar
configuration as the first or second photography system.
Although such a configuration makes the structure of the
optical system more complicated, this configuration makes
it possible to further improve the probability of being able to
obtain an image group and/or image set of a good quality. A
person who intends to implement the present aspect example
may design a slit lamp microscope in view of these trade-off
matters and items (that is, the complexity of the optical
system and the probability of being able to obtain an image
set having a high quality).

[0322] The left photography system 30L of the present
aspect example includes the reflector 311 and the imaging
lens 32L. The reflector 31L is configured to reflect the light
coming from the anterior segment onto which the slit light
is being projected and traveling in a direction away from the
illumination optical axis 20a, toward a direction approach-
ing the illumination optical axis 20a. Further, the imaging
lens 32L is configured to form an image of the light reflected
by the reflector 31L on the light detecting plane 34L.. Here,
the imaging lens 32L includes one or more lenses.

[0323] Likewise, the right photography system 30R
includes the reflector 31R and the imaging lens 32R. The
reflector 31R is configured to reflect the light coming from
the anterior segment onto which the slit light is being
projected and traveling in a direction away from the illumi-
nation optical axis 20a, toward a direction approaching the
illumination optical axis 20a. Further, the imaging lens 32R
is configured to form an image of the light reflected by the
reflector 31R on the light detecting plane 34R. Here, the
imaging lens 32R includes one or more lenses.

[0324] With such a configuration, reducing the size of the
apparatus can be achieved. More specifically, taking into
account the fact that the images acquired by the image
sensor 331 (33R) are output through a cable extending from
the surface on the opposite side of the light detecting plane
341 (34R), the present configuration allows a cable to be
arranged from the back surface of the image sensor 33L
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(33R) located relatively close to the illumination optical axis
20a toward the direction opposite to the subject’s eye E. As
a result of this, cable routing can be performed in a prefer-
able manner, making it possible to reduce the size of the
apparatus.

[0325] In addition, the present configuration allows the
angle 0L and the angle 6R to be designed large. This
increases the possibility of an image acquired by one of the
photography systems not containing any artifact although a
corresponding image acquired by the other photography
system contains an artifact. Here, the corresponding image
is an image acquired by the other photography system
substantially at the same time as the image acquired by the
one of the photography systems. In addition, even though
artifacts are contained in both of a pair of images substan-
tially simultaneously acquired by the both photography
systems and an artifact in one of the images overlaps a
region of interest (e.g., a region onto which slit light is being
projected (slit light projected region)), designing the angle
0L and the angle OR to be large can reduce the possibility of
an artifact in the other image overlapping a region of
interest.

[0326] The present aspect example includes the moving
image acquisition unit 40. The left photography system 30L
and the right photography system 30R each perform repeti-
tive photography of the anterior eye segment in parallel with
the movement of the illumination system 20, the left pho-
tography system 30L and the right photography system 30R
performed by the movement mechanism 6. In parallel with
such repetitive photography, the moving image acquisition
unit 40 acquires a moving image of the anterior segment
from a fixed position.

[0327] Such a configuration allows acquiring a moving
image from the fixed position (e.g., from the front position
with respect to the subject’s eye E) in parallel with the
anterior eye segment scanning with slit light. This makes it
possible to grasp the state of the subject’s eye E during the
scanning as well as to perform a control depending on the
state of the subject’s eye E.

[0328] For example, in the case where the slit lamp
microscope of the present aspect example includes the
image group assessing processor 81 (the image set assessing
processor 83) of the slit lamp microscope 1 described above,
the slit lamp microscope of the present aspect example may
be configured to be capable of assessing whether or not an
image group(s) (image set(s)) acquired by the left photog-
raphy system 30L and/or the right photography system 30R
are/is of a quality good enough for image interpretation.
Combining the image group assessing processor 81 (the
image set assessing processor 83) with the moving image
acquisition unit 40 makes it possible to perform the opera-
tions described in the following. It should be noted that the
same or similar operations may also be implemented by
using two or more anterior segment cameras for stereo
alignment or using like imaging methods and techniques.
[0329] The moving image acquisition unit 40 performs
acquisition of a moving image of the anterior segment of the
subject’s eye E from a fixed position in parallel with
application of a scan to the anterior segment. This moving
image acquisition is performed under the control of the
controller 7, for example. In other words, in order to perform
the anterior segment scanning of the subject’s eye E, the
controller 7 may execute an interlocking control of the
illumination system 2 (the illumination system 20), the
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photography system 3 (the left photography system 30L
and/or the right photography system 30R), the movement
mechanism 6, and the moving image acquisition unit 40.

[0330] In this interlocking control, the controller 7 may
execute synchronization of the photographing rate of the
photography system 3 and the photographing rate of the
moving image acquisition unit 40 with each other. For
example, the photographing rate of the photography system
3 and the photographing rate of the moving image acquisi-
tion unit 40 are controlled to be equal to one another, and the
photographing timing of the photography system 3 and the
photographing timing of the moving image acquisition unit
40 are controlled to coincide with one another. With such
controls, a frame group acquired by the photography system
3 and the frame group acquired by the moving image
acquisition unit 40 during scanning can be associated with
each other in terms of time.

[0331] Even when one of or both the photographing rates
and the photographing timings are different, it is possible to
associate a frame group acquired by the photography system
3 and a frame group acquired by the moving image acqui-
sition unit 40 during scanning with each other in terms of
time. This association can be made, for example, by ignoring
a time difference within a permissible range determined in
advance.

[0332] It can be considered that two frames (one is a frame
obtained by the photography system 3 and the other is a
frame obtained by the moving image acquisition unit 40)
paired with each other in terms of chronological correspon-
dence have been acquired at substantially the same time.
Therefore, when a pair of temporally (chronologically)
associated frames is considered (treated), positional differ-
ences (positional shifts) between these frames due to eye
movement can be ignored.

[0333] Under such a premise, the image group assessing
processor 81 (the image set assessing processor 83) may be
configured to execute a quality assessment of a series of
images included in an image group (image set) based on a
moving image (frame group) acquired by the moving image
acquisition unit 40.

[0334] In such examples, the image group assessing pro-
cessor 81 (the image set assessing processor 83) may be
configured to execute an assessment of a quality of the
image group (image set) based on a correspondence between
the series of images included in the image group (image set)
and a series of frames included in the moving image
acquired by the moving image acquisition unit 40. In other
words, the image group assessing processor 81 (the image
set assessing processor 83) may be configured to execute a
quality assessment of the image group (image set) based on
a temporal correspondence (chronological correspondence)
between a frame group obtained by the photography system
3 and a frame group acquired by the moving image acqui-
sition unit 40. In addition, the image group assessing pro-
cessor 81 (the image set assessing processor 83) may be
configured to execute a quality assessment of the image
group (image set) based on a landmark in the series of
frames and the correspondence described above.

[0335] A specific example is described below. In the
present example, the frame group F1 to FN (described
above) have been acquired by the photography system 3 and
a frame group D1 to DN have been acquired by the moving
image acquisition unit 40 in parallel with the acquisition of

Sep. 28, 2023

the frame group F1 to FN. In addition, for any n=1, 2, . . .
, N, the frame Fn and the frame Dn have been associated
with each other.

[0336] The image group assessing processor 81 (the image
set assessing processor 83) identifies a landmark in each of
the frame group D1 to DN. This landmark may be, for
example, an image region corresponding to the iris (iris
region).

[0337] Next, the image group assessing processor 81 (the
image set assessing processor 83) determines an arrange-
ment order (spatial arrangement order) of the frame group
D1 to DN based on the positions of the N number of
landmarks identified respectively from the frame group D1
to DN (e.g., based on changes in spatial positions of the
identified landmarks).

[0338] As mentioned above, the frame group D1 to DN are
arranged in a temporal (chronological) manner in accor-
dance with the ascending order n=1, 2, . . . , N (temporal
arrangement order or chronological arrangement order). If
the temporal arrangement order (chronological arrangement
order) and the spatial arrangement order are different from
each other, there is a possibility that the order of the frames
has been changed and/or positional deviation (positional
shift) has occurred due to the influence of eye movement. In
addition, there is a possibility that skipping (lack, omission)
of a frame has occurred due to the influence of blinking.
[0339] In the case where such a defect is detected, that is,
in the case where the fact is detected that the temporal
arrangement order (chronological arrangement order) and
the spatial arrangement order are different from each other,
the image group assessing processor 81 (the image set
assessing processor 83) determines that the quality of this
image group (image set) is not satisfactory.

[0340] With such a configuration, the slit lamp microscope
is capable of acquiring a moving image in which a wide area
of the anterior eye segment is depicted (at least a wide area
in the X direction and a wide area in the Y direction) in
parallel with anterior segment scanning with slit light, and
detecting a defect in a series of images included in the image
group (image set) using the moving image acquired.
[0341] Each image of the series of images included in the
image group (image set) is an image that extends in the
depth direction (the Z direction). Therefore, it is necessary
to employ image processing (image analysis) similar to that
of the slit lamp microscope 1 described above, in order to
recognize the locations, arrangement, layout, or the like of
the series of images in the X and Y directions orthogonal to
the Z direction on the basis of the series of images itself.
[0342] The present example implements, without applying
image analysis to a series of images, a quality assessment of
a series of images using a moving image that is separately
acquired in parallel with scanning. The assessment items in
the present example may be any of an arrangement order of
a series of images, lack or omission of an image in a series
of images, and misalignment of a series of images, as in the
slit lamp microscope 1 described above. Further, the assess-
ment processing of the present example may be combined
with any of the assessment processes described for the slit
lamp microscope 1 described above.

[0343] Another application of the moving image acquisi-
tion unit 40 is described below. The purpose of the present
example is to, when, for example, two or more times of
additional scans are to be performed after a quality of an
image group collected by the first scan is determined to be
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not satisfactory, prevent misalignment (positional deviation)
of the subject’s eye E between scans by performing adjust-
ment of the commencement timings of the two or more times
of additional scans.

[0344] In the present example as well, the moving image
acquisition unit 40 performs photography of the anterior
segment of the subject’s eye E from a fixed position. The
controller 7 is configured to control the scanner to com-
mence the second scan in response to an event that the
moving image acquisition unit 40 has acquired an image
substantially the same image as a reference image that has
been acquired by the moving image acquisition unit 40 in
response to commencement of the first scan of the two or
more times of additional scans.

[0345] The following is a more specific description. Any
one of two or more scans applied to the anterior eye segment
to form an image set is referred to as the first scan. The first
scan of the present example may be the scan executed first
among the two or more scans.

[0346] To begin with, the controller 7 saves an image
acquired by the moving image acquisition unit 40 at the
commencement timing of the first scan (referred to as a
reference image). The reference image may be, for example,
a frame captured at a point of time closest to the point of
time of the commencement of the first scan, among a frame
group of a moving image whose acquisition has started
before the commencement of the first scan. In some alter-
native examples, the moving image acquisition unit 40 may
acquire, under the control of the controller 7, a reference
image by taking a still image of the anterior eye segment at
the commencement point of time of the first scan. This
commencement point of time of the first scan may be any of
the following options: a point of time immediately before
the commencement point of time of the first scan; a point of
time that coincides with the commencement point of time of
the first scan; and a point of time immediately after the
commencement point of time of the first scan.

[0347] Any scan that is performed after the first scan
(referred to as the second scan) is commenced at a point of
time during the moving image photography of the anterior
segment is being performed by the moving image acquisi-
tion unit 40. The controller 7 (or the data processor 8)
compares the frames sequentially acquired by the moving
image acquisition unit 40 with the reference image. This
comparison may include any image processing, such as
segmentation to identify a landmark, image matching, image
correlation, or the like.

[0348] When it is determined that substantially the same
frame as the reference image is obtained, the controller 7
controls the illumination system 2, the photography system
3, and the movement mechanism 6 to start the second scan.
[0349] The slit lamp microscope of the present example
continues repetitive execution of the series of processes
described above until the number of scan applications to the
anterior eye segment reaches the number of scan repetitions
for image set formation determined in advance. The present
example thus configured can reduce misalignment of the
subject’s eye E between scans and therefore prevent the
quality of an image set from deteriorating due to eye
movements. In addition, the present example makes it
possible to improve the efficiency and facilitation of image
selection.

[0350] An image acquired by the moving image acquisi-
tion unit 40 can be used to obtain a misalignment occurred
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in follow-up photography. In some aspect examples, the
moving image acquisition unit 40 is arranged to perform
photography the anterior segment of the subject’s eye E
from the front. In other words, the moving image acquisition
unit 40 may be configured to be capable of acquiring a front
image of the anterior segment.

[0351] Possible configurations used for acquiring a front
image are not limited to the moving image acquisition unit
40. For example, a front image may be constructed by
synthesizing or composing two or more anterior segment
images acquired by two or more anterior segment cameras
described by Japanese Unexamined Patent Application Pub-
lication No. 2013-248376 filed by the present applicant. The
front image constructed from the two or more anterior
segment images is a virtual viewpoint image generated using
an image processing technique or technology such as view-
point conversion. Even when using such a virtual front
image, it is possible to execute the same or similar process-
ing as when acquiring a front image by the moving image
acquisition unit 40.

[0352] In the present example, anterior segment photog-
raphy (acquisition of a front image) using the moving image
acquisition unit 40 is performed together with anterior
segment scanning with slit light (collection of an image
group) using the elements including the illumination system
20, the left photography system 30L, the right photography
system 30R, and the movement mechanism 6.

[0353] The timing of acquiring the front image may be
freely determined. For example, the anterior segment pho-
tography using the moving image acquisition unit 40 may be
performed in parallel with the anterior segment scanning
with slit light. In other words, at least part of the execution
period of the anterior segment photography and at least part
of the execution period of the anterior segment scanning
may overlap each other. Alternatively, the anterior segment
photography may be performed immediately before the
anterior segment scanning or immediately after the anterior
segment scanning. If this is the case, the time difference
between the anterior segment scanning and the anterior
segment photography is set sufficiently small, for example,
to the extent that the influence of eye movement can be
ignored.

[0354] Before follow-up photography is performed, the
slit lamp microscope of the present aspect acquires a front
image of the anterior segment of the subject’s eye E acquired
by photography performed in the past (past photography).
This front image is referred to as the first front image or a
reference front image. The first front image acquired is
stored in the memory 10. Along with the past photography,
the slit lamp microscope of the present aspect may also
perform acquisition and storage of photography conditions.
The follow-up photography is performed using the first front
image as a reference image. In this follow-up photography,
the moving image acquisition unit 40 acquires a front image
of the anterior segment of the subject’s eye E. This front
image is referred to as the second front image or a follow-up
front image. The follow-up photography is performed, for
example, by referring to photography conditions (e.g., scan-
ning conditions, etc.) employed in the past photography.

[0355] In the present example, the misalignment informa-
tion acquiring processor 86 is configured to analyze the first
front image referred to in follow-up photography and the
second front image acquired by this follow-up photography,
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thereby acquiring misalignment information between the
first front image and the second front image.

[0356] Inthe case where the photography conditions of the
past photography and the photography conditions of the
current photography (i.e., follow-up photography) are the
same, the misalignment between the first front image and the
second front image can be considered to correspond to the
positional shift in the scan position. By executing such a
comparison between front images, the slit lamp microscope
can acquire information representing an positional error of
the follow-up photography.

[0357] The photography conditions of the past photogra-
phy and the photography conditions of the current photog-
raphy do not have to be the same as each other. For example,
in the case where the photography conditions of the past
photography and the photography conditions of the current
photography can be compared with each other, misalign-
ment information can be generated in consideration of the
difference between the two photography conditions. For
example, in the case where the scan start position of the
current photography is different from the scan start position
of'the past photography, the position of the image group may
be determined in consideration of the shift amount between
these scan start positions. In the case where the scan interval
(frame rate) of the current photography is different from the
scan interval of the past photography, the arrangement of the
image group may be determined (e.g., construction of stack
data may be executed) in consideration of the difference
between these scan intervals.

[0358] In the present aspect, the assessment value calcu-
lating processor 87 may calculate an assessment value of an
error in a scan position of follow-up photography based on
the misalignment information acquired by the misalignment
information acquiring processor 86. Further, the acceptabil-
ity determining processor 88 may determine whether or not
the follow-up photography has been performed in a satis-
factory manner based on the assessment value calculated by
the assessment value calculating processor 87.

[0359] The slit lamp microscope of the present aspect
example can display various kinds of information using a
front image. For example, the controller 7 may execute a
control of the display device to display the reference front
image and/or the follow-up front image, and also display a
reference scan position image and a follow-up scan position
image on the front image(s) in an overlapping manner based
on the misalignment information acquired by the misalign-
ment information acquiring processor 86. Here, the refer-
ence scan position image represents a reference scan posi-
tion, and the follow-up scan position image represents a
follow-up scan position.

[0360] In such a display control, relative position infor-
mation equivalent to or similar to the misalignment infor-
mation may be referred to in place of or in addition to the
misalignment information.

[0361] In the case where either one of the reference front
image or the follow-up front image is displayed, the refer-
ence scan position image and the follow-up scan position
image may be displayed in an overlapping manner on the
displayed front image. In the case where both the reference
front image and the follow-up front image are displayed, the
reference scan position image and the follow-up scan posi-
tion image may be displayed in an overlapping manner on
each of the two front images, or, the reference scan position
image and the follow-up scan position image may be dis-
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played in an overlapping manner only on one of the refer-
ence front image and the follow-up front image.

[0362] The controller 7 may display the reference scan
position image and the follow-up scan position image in
mutually different modes or aspects. For example, the two
scan position images may be displayed in different colors
from each other, in different thicknesses from each other, or
in different densities from each other. Further, identification
information (e.g., character string information, image infor-
mation, etc.) may be attached to each scan position image.
In addition, the two scan position images may be always
displayed in different modes. Alternatively, display modes of
the two scan position images may be switched to different
display modes in response to a predetermined trigger.

[0363] FIG. 11 shows an example of information dis-
played by the display control described above. FIG. 11
illustrates displayed information in which the reference scan
position image 101 represented by the dotted line and the
follow-up scan position image 102 represented by the
dashed line are displayed on the front image 100 of the
anterior segment such as the follow-up front image or the
reference front image. The follow-up scan position image
102 shows the area to which a scan was applied by the
follow-up photography. The reference scan position image
101 shows the scan area for the case where the follow-up
photography was performed without an error. In other
words, the reference scan position image 101 shows the area
to which a scan was applied by the past photography, which
is also the area corresponding to a scan target area of the
current follow-up photography. By displaying such infor-
mation, it becomes possible for the user to visually under-
stand the error (accuracy) in the position of the follow-up
photography.

[0364] Such information display is performed, for
example, in the following manner. To begin with, the
memory 10 retains the first position information and the
second position information. The first position information
represents a position in the reference front image of an
image (an image group) acquired by the anterior segment
scan together with the acquisition of the reference front
image, and the second position information represents a
position in the follow-up front image of an image (an image
group) acquired by the anterior segment scan together with
the acquisition of the follow-up front image. The first
position information is information generated based on the
first anterior segment scan and the first anterior segment
photography performed in the past, which is the information
showing an application position (application area) of the first
anterior segment scan in a front image acquired by the first
anterior segment photography (the reference front image).
The second position information is information generated
based on the follow-up photography (the second anterior
segment scan) and the second anterior segment photography
performed with reference to the reference front image,
which is the information showing an application position
(application area) of the second anterior segment scan in a
front image acquired by the second anterior segment pho-
tography (the follow-up front image). The controller 7
executes a control of the display device to display at least
one front image of the first front image and the second front
image, and to display the first position image corresponding
to the first position information and the second position
image corresponding to the second position information on
the at least one front image in an overlapping manner based
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on the misalignment information acquired by the misalign-
ment information acquiring processor 86. For example,
when displaying both the first position image and the second
position image on the follow-up front image in an overlap-
ping manner, the display position of the second position
image on the follow-up front image is determined by the
second position information while the display position of the
first position image on the follow-up front image is deter-
mined by correcting the position indicated by the first
position information based on the misalignment informa-
tion.

[0365] Possible aspects of the display control that can be
executed by the present aspect example are not limited to the
above examples. In some examples, the controller 7 may
display freely selected or determined information that indi-
cates an error in the scan position of the follow-up photog-
raphy. As a specific example thereof, the controller 7 may
execute a control of the display device to display an assess-
ment value calculated by the assessment value calculating
processor 87. The assessment value may be displayed alone,
or may be displayed together with information such as a
front image or an image showing the scan position. Further,
in place of the assessment value or together with the
assessment value, a determination result obtained by the
acceptability determining processor 88 may be displayed.

<Operations>

[0366] Several examples of the operation of the slit lamp
microscope according to the aspect example will be
described. The following description will be given as opera-
tion examples of the slit lamp microscope 1, but operations
of the slit lamp microscope of the aspect shown in FIG. 10
and operations of a slit lamp microscope of other aspects
may be performed in the same manner.

[0367] While not shown in the drawings, the user (a
subject, an examiner, or an assistant) may input subject
information into the slit lamp microscope 1 at any stage. The
subject information that has been input is stored in the
memory 10 by the controller 7. The subject information of
some typical examples includes identification information
(identifier) of the subject (referred to as subject ID).

[0368] Furthermore, background information may also be
input. The background information is any kind of informa-
tion related to the subject, and examples thereof include
information acquired by a medical interview of the subject,
information on a sheet filled in by the subject, information
recorded in the electronic medical record of the subject, and
so forth. In some typical examples, the background infor-
mation includes the subject’s data on items such as gender,
age, height, weight, disease name, possible disease name,
examination result (e.g., visual acuity value, eye refractive
power value, intraocular pressure value), history of a wear-
ing device for refractive correction (e.g., history of wearing
glasses, contact lenses) and the power of the device, exami-
nation history, and treatment history. These are merely
examples, and possible items of the background information
are not limited to these examples.

[0369] Further, in preparation for photography, the table
on which the slit lamp microscope 1 is installed, the chair on
which the subject sits, and the chin rest of the slit lamp
microscope 1 are adjusted (all not shown in the drawings).
For example, the heights of the table, chair and chin rest are
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adjusted. The chin rest is provided with a chin rest member
and a forehead rest member for stably positioning the face
of the subject.

[0370] After the completion of the preparation, the subject
sits on the chair, puts his/her chin on the chin rest member,
and puts his/her forehead on the forehead rest member.
Before or after these actions, the user performs an operation
of'issuing an instruction to start photography of the subject’s
eye. This operation may be conducted, for example, by
pressing a photography start trigger button (not shown in the
drawings) or inputting a voice instruction. Alternatively, the
controller 7 may detect the completion of the preparation
phase and automatically shift to the photography phase. In
addition, a fixation target (not shown in the drawings) may
be presented to the subject (the subject’s eye E or the fellow
eye thereof).

<First Operation Example>

[0371] The first operation example performed after the
above preparations will be described with reference to FIG.
12 and FIG. 14. FIG. 12 shows an example of the operation
for obtaining an image group of a satisfactory quality by
follow-up photography. FIG. 14 shows an example of the
operation for assessing a quality (an error) of the follow-up
photography.

[0372] In the present example, the operation example
shown in FIG. 14 is executed after the execution of the
operation example shown in FIG. 12. In other words, the
present example executes an assessment of the quality of the
follow-up photography after acquisition of an image group
of a satisfactory quality. Although not shown in the drawings
nor described in detail, some other aspect examples may be
operated to execute an assessment of the quality of the image
group after the execution of an assessment of the quality of
the follow-up photography in contrast to the present
example. Still some other aspect examples may be operated
to execute a quality assessment of the follow-up photogra-
phy and a quality assessment of the image group in parallel
with each other. A person having ordinary knowledge and
skills of the technical field to which the present disclosure
belongs (a person skilled in the art) would be able to
understand these other aspect examples based on the first
operation example described below.

(S1: Alignment)

[0373] Upon commencing photography, the slit lamp
microscope 1 performs alignment of the illumination system
2 and the photography system 3 with respect to the subject’s
eye E. Unlike general alignment operations for aligning the
optical axis of an optical system with the corneal apex or the
center of the pupil of the subject’s eye E, the alignment in
the step S1 is performed to place the illumination system 2
and the photography system 3 at a start position of the scan
to be performed in the step S2. The mode (aspect) of the
alignment of the step S1 may be freely selected or deter-
mined, and may be any of the examples described above. An
operation such as adjustment of the image sensor 5, focus
adjustment, or the like may be performed before the com-
mencement of alignment, during alignment, and/or after the
completion of alignment.

(S2: Follow-Up Photography (Anterior Segment Scan))

[0374] The slit lamp microscope 1 scans the anterior
segment of the subject’s eye E by combining the projection
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of the slit light performed by the illumination system 2, the
moving image photography performed by the photography
system 3, and the movement of the illumination system 2
and the photography system 3 performed by the movement
mechanism 6. This scan is applied to a three dimensional
region of the anterior segment. As a result of a single scan
(that is, a scan from the scan start position to the scan end
position), for example, the image group (a plurality of
anterior segment images) F1 to FN shown in FIG. 3 is
obtained.

[0375] The data processor 8 may be configured to perform
predetermined processing on an image obtained by the scan
application. For example, freely selected or determined
signal processing and/or freely selected or determined image
processing may be applied to an image obtained by the scan
application, such as noise elimination, contrast adjustment,
brightness adjustment, and color correction.

(S3: Assess Quality of Image Group)

[0376] The image group assessing processor 81 executes
an assessment of the quality of the image group collected by
the scan of the step S2.

(S4: Satisfactory Quality?)

[0377] In the case where the image group assessing pro-
cessor 81 has determined in the step S3 that the quality of the
image group is satisfactory (S4: Yes), the present operation
proceeds to an assessment of the quality (error) of the
follow-up photography (S5). On the other hand, in the case
where the image group assessing processor 81 has deter-
mined in the step S3 that the quality of the image group is
not satisfactory (S4: No), the present operation proceeds to
the step S6.

(S5: Proceed to Error Assessment)

[0378] When the image group assessing processor 81 has
determined in the step S3 that the quality of the image group
is satisfactory (S4: Yes), the controller 7 executes a control
to perform processing for assessing the quality (error) of the
follow-up photography by which this image group was
obtained.

[0379] For example, the controller 7 sends information for
an error assessment to the data processor 8 (e.g., to the
misalignment information acquiring processor 86). The
information for the error assessment includes, for example,
an image group determined in the step S4 to be of a
satisfactory quality (follow-up images) and past images
referenced in the follow-up photography (reference images).
The information for the error assessment may further
include photography conditions applied in the past photog-
raphy, photography conditions applied in the follow-up
photography, and so forth. The destination of the informa-
tion for the error assessment (the element to which the
information for the error assessment is sent) is not limited to
the misalignment information acquiring processor 86. In
some examples, the controller 7 may send the information
for the error assessment to the processed image constructing
processor 85 in order to generate misalignment information
using a processed image.

[0380] After the execution of the step S5, the present
operation proceeds to the step S31 in FIG. 14.
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(S6: Suggest Re-Photographing)

[0381] In the case where the image group assessing pro-
cessor 81 has determined in the step S3 that the quality of the
image group is not satisfactory (S4: No), the controller 7
then executes a control for perform collection of a new
image group (another image group) from the anterior seg-
ment of the subject’s eye E. The controller 7 of the present
example executes a control for displaying information and/
or outputting audio (voice) information to suggest the user
to conduct photography again. The user then conducts an
operation of issuing an instruction to start re-photographing
or an operation of issuing an instruction not to re-perform
photography.

[0382] If the user performs the operation of issuing the
instruction to start re-photographing, the controller 7
executes a control to re-execute the operation from the step
S1 (or the step S2). The re-photographing may be repeated,
for example, up to a predetermined number of times.
[0383] On the other hand, if the user performs the opera-
tion of issuing the instruction not to re-perform photography,
the controller 7 of some examples may execute a control to
provide the image group determined to be of an unsatisfac-
tory quality for an error assessment of the follow-up pho-
tography. Alternatively, the controller 7 of some examples
may execute a control to delete, save, or record the image
group determined to be of an unsatisfactory quality.

(S31: Generate Misalignment Information)

[0384] After the execution of the step S5, the present
operation proceeds to the step S31 in FIG. 14. In the step
S31, the misalignment information acquiring processor 86
analyzes the image group determined in the step S4 to be of
a satisfactory quality (the follow-up images) and the past
images referred to in the follow-up photography (the refer-
ence images), thereby generating misalignment information
between the follow-up image and the reference image.

(S32: Calculate Assessment Value)

[0385] Next, the assessment value calculating processor
87 calculates an assessment value of an error in the scan
position of the follow-up photography based on the mis-
alignment information generated in the step S31.

(S33: Determine Acceptability of Follow-Up Photography)

[0386] Subsequently, the acceptability determining pro-
cessor 88 determines whether or not the follow-up photog-
raphy has been successfully performed, based on the assess-
ment value calculated in the step S32.

(S34: Acceptable?)

[0387] In the case where the acceptability determining
processor 88 has determined in the step S33 that the follow-
up photography has been successfully performed (S34: Yes),
the present operation proceeds to the step S35.

[0388] On the other hand, in the case where the accept-
ability determining processor 88 has determined in the step
S33 that the follow-up photography has not been success-
fully performed (S34: No), the present operation returns to
the step S6 of FIG. 12. The processing in this case is
executed in conformity with the processing executed in the
step S6 described above.
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(S35: Output Image)

[0389] In the case where the acceptability determining
processor 88 has determined in the step S33 that the follow-
up photography has been successfully performed (S34: Yes),
the controller 7 executes a control for outputting the image
group. For example, the controller 7 can transmit this image
group to another apparatus by executing a control of the
communication device 9. The image group to be output is an
image group of a satisfactory quality acquired by the follow-
up photography with a small positional error with respect to
the past photography. This output image group is suitable
not only for image interpretation, but also for a follow-up
(for comparison with an image acquired in the past).
[0390] Examples of an apparatus to which the image
group is transmitted include an information processing appa-
ratus and a storage. The information processing apparatus is,
for example, a server on a wide area network, a server on a
LAN, a computer terminal, or the like. The storage may be
a storage device provided on a wide area network, a storage
provided on a LAN, or the like.

[0391] The image group output in the step S35 may
include the background information, the misalignment infor-
mation, the assessment value, the acceptability determina-
tion result, and other kinds of information described above.
Alternatively, these pieces of information may be supple-
mentary information attached to the image group. In general,
the data structure of the information output in the step S35
may be selected accordingly.

[0392] In some typical examples, the image group trans-
mitted in the step S35 includes a series of images of the
anterior segment of the subject’s right eye and a series of
images of the anterior segment of the subject’s left eye. The
series of images of the right eye and the series of images of
the left eye are obtained by applying the operations
described in the present example to the right eye and the left
eye, respectively. The subject’s eye information described
above is attached to the series of images of the right eye and
the subject’s eye information is attached to the series of
images of the left eye, whereby the series of images of the
right eye and the series of images of the left eye are
distinguished from each other.

[0393] Identification information of the subject is trans-
mitted together with the image group. The identification
information may be the subject ID input into the slit lamp
microscope 1, or identification information generated based
on the subject ID. For example, the subject ID used for
personal identification in the facility where the slit lamp
microscope 1 is installed (referred to as internal identifica-
tion information) may be converted into external identifica-
tion information used outside the facility. Such identification
information conversion makes it possible to improve the
information security of personal information such as image
groups and background information.

[0394] The image group transmitted from the slit lamp
microscope 1 in the step S35 (or S6) is sent directly or
indirectly to an information processing apparatus. A typical
example of this information processing apparatus is the
aforementioned image interpretation computer terminal for
the use of a doctor (or an optometrist).

[0395] The doctor can conduct image interpretation of the
series of images included in the image group (e.g., the series
of images F1 to FN shown in FIG. 3) using the image
interpretation computer terminal. Further, a three dimen-
sional image may be constructed from the series of images,

Sep. 28, 2023

a rendered image of the three dimensional image may be
displayed, or the information transmitted together with the
image group may be displayed. In addition, analysis of any
image in the series of images may be performed, analysis of
the three dimensional image may be performed, analysis of
the rendered image may be performed, or analysis of the
information transmitted together with the image group may
be performed by the image interpretation computer terminal
or another information processing apparatus.

[0396] By using the image interpretation computer termi-
nal, the doctor can generate a report (an image interpretation
report) in which information obtained from image interpre-
tation is recorded. The image interpretation report may be
offered, for example, to the facility where the slit lamp
microscope 1 is installed, to a medical institution designated
by the subject or the like, to an information processing
apparatus used by a doctor designated by the subject or the
like, to an address (e.g., email address, postal address, etc.)
registered by the subject or the like. Further, the image
interpretation report may be sent to a predesignated database
system to be stored and managed.

[0397] An image interpretation apparatus is another
example of the information processing apparatus that is a
destination of the image group transmitted from the slit lamp
microscope 1 in the step S35 (or S6). The image interpre-
tation apparatus includes an image interpretation processor.
The image interpretation processor is configured to operate,
for example, in accordance with a program for image
interpretation, and analyze the series of images included in
the image group to derive findings. In addition, the image
interpretation processor is configured to generate a report
based on the findings derived.

[0398] The image interpretation processor may include an
artificial intelligence engine that performs image interpre-
tation using a learned model (inference model). The artificial
intelligence engine of some typical examples includes a
convolutional neural network (CNN) trained with training
data containing a large number of images acquired by slit
lamp microscopes and corresponding image interpretation
information.

[0399] In the case where the image interpretation appara-
tus includes an artificial intelligence engine and the slit lamp
microscope 1 (the data processor 8) also includes an artifi-
cial intelligence engine, these artificial intelligence engines
may be adjusted to have equivalent capabilities (abilities,
faculties, qualities). In other words, it is possible to make
adjustments so that there is no capability difference (so that
capability difference is small) between the artificial intelli-
gence engine of the image interpretation apparatus and the
artificial intelligence engine of the slit lamp microscope 1.
Further in other words, the artificial intelligence engine
provided in the image interpretation apparatus may be the
same at least in part as the aforementioned artificial intelli-
gence engine provided in the slit lamp microscope 1.
[0400] In some aspect examples, both the artificial intel-
ligence engines may be configured by applying the same
neural network model and the same parameters. In addition,
the models and the parameters of both the artificial intelli-
gence engines may be updated in synchronization with each
other.

[0401] Such a unified (integrated, synchronized) adjust-
ment of the artificial intelligence engines makes it possible
to prevent the inconvenience of inconsistencies or errors
between outputs from the artificial intelligence engine of the
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slit lamp microscope 1 and outputs from the artificial
intelligence engine of the image interpretation apparatus. In
addition, as described above, the quality assessment con-
ducted before transmitting an image group from the slit lamp
microscope 1 is a process of assessing the image quality
required for effective image interpretation and diagnosis.
Therefore, performing the unified adjustment of the artificial
intelligence engines makes it possible to achieve appropriate
execution of the image quality assessment of an image group
before transmission. With this, an image group that is
suitable for image interpretation by the artificial intelligence
engine of the image interpretation apparatus can be assessed
with high accuracy as a “suitable image group for image
interpretation” prior to transmission from the slit lamp
microscope 1. Also, an image group that is not suitable for
image interpretation by the artificial intelligence engine of
the image interpretation apparatus can be assessed with high
accuracy as an “unsuitable image group for image interpre-
tation” prior to transmission from the slit lamp microscope
1

[0402] In the case where such a unified adjustment of the
artificial intelligence engines is not made, or in the case
where image interpretation is requested to another image
interpretation apparatus that includes an artificial intelli-
gence engine with a different model and/or parameters, a
processing condition of the artificial intelligence engine of
the slit lamp microscope 1 may be attached to an image set
to be transmitted, and/or, a processing condition of the
artificial intelligence engine of the image interpretation
apparatus may be attached to an image set to be transmitted.
Here, the processing conditions represent a corresponding
model, corresponding parameters, or the like.

[0403] According to the first operation example, in the
case where an image group having a satisfactory quality is
acquired by the first scan, this image group can be provided
for subsequent processing such as image interpretation. On
the other hand, in the case where an image group of a
satisfactory quality cannot be acquired by the first scan, the
first operation example may perform acquisition of another
image group by performing a scan again. More generally, the
first operation example can repeatedly perform photography
until an image group with a satisfactory quality is obtained.
Therefore, the slit lamp microscope 1 is capable of providing
an image group with a satisfactory quality for subsequent
processing in either case where an image group with a
satisfactory quality is or is not obtained by the first scan.
Therefore, processing such as image interpretation can be
suitably performed.

[0404] Furthermore, according to the first operation
example, in the case where the first follow-up photography
is successfully performed, the image group acquired by the
first follow-up photography may be provided for subsequent
processing such as image interpretation. On the other hand,
in the case where the first follow-up photography is unsuc-
cessfully performed, the first operation example may be
operated to perform follow-up photography again to acquire
another image group. More generally, the first operation
example may be operated to repeat photography until sat-
isfactory follow-up photography is carried out. As a result,
the first operation example is capable of providing an image
group (follow-up images) with a small positional error with
respect to images acquired in the past photography (refer-
ence images) for subsequent processing in either case where
the first follow-up photography has been performed satis-
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factorily or unsatisfactorily (successfully or unsuccessfully).
Therefore, an image comparison in a follow-up can be
performed in a suitable manner.

[0405] In this way, the first operation example is operated
to be capable of carrying out both the quality assessment of
an image group and the quality assessment of follow-up
photography. This makes it possible to suitably execute
automatic image interpretation by means of an information
processing apparatus (an image interpretation apparatus),
and for a doctor (e.g., medical image interpreter) to conduct
image interpretation in an appropriate manner. This also
makes it possible to satisfactorily perform an image com-
parison in a follow-up. This completes the description of the
first operation example.

<Second Operation Example>

[0406] The second operation example performed after the
preparations mentioned above will be described with refer-
ence to FIG. 13 and FIG. 14. FIG. 13 shows an example of
the operation for acquiring an image set of a satisfactory
quality by follow-up photography. FIG. 14 shows an
example of the operation for assessing a quality (an error) of
the follow-up photography.

[0407] While the first operation example described above
is operated to repeat scanning (photography) of an anterior
segment until an “image group” with a satisfactory quality
is obtained, the present operation example is operated to
repeat scanning (photography) until an “image set” with a
satisfactory quality is obtained. Here, an image group refers
to a series of images collected by a single scan, and an image
set refers, for example, to a series of images arranged in a
predetermined scan area.

[0408] In other words, while data finally obtained by the
first operation example is a series of images collected by a
single scan, data finally obtained by the present operation
example is, for example, a series of images corresponding to
a plurality of cross sections arranged in a predetermined
scan area (a three dimensional region of the anterior seg-
ment). To put it another way, data finally obtained by the
present operation example may be a series of images
obtained by a single scan as in the first operation example,
or, unlike the first operation example, may be a series of
images selected from two or more image groups obtained by
two or more times of scans.

[0409] In the present example, the operation example
shown in FIG. 14 is executed after the execution of the
operation example shown in FIG. 13. In other words, the
present example executes an assessment of the quality of the
follow-up photography after acquisition of an image set of
a satisfactory quality. Although not shown in the drawings
nor described in detail, some other aspect examples may be
operated to execute an assessment of the quality of the image
set after the execution of an assessment of the quality of the
follow-up photography in contrast to the present example.
Still some other aspect examples may execute a quality
assessment of the follow-up photography and a quality
assessment of the image set in parallel. Yet some other
aspect examples may execute the following processes in the
following order a quality assessment of the image group, a
quality assessment of the follow-up photography, and a
quality assessment of the image set. A person having ordi-
nary knowledge and skills of the technical field to which the
present disclosure belongs (a person skilled in the art) would
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be able to understand these other aspect examples based on
the second operation example described below.

[0410] The steps S11 to S13 of the present operation
example may be performed in the same manner as the steps
S1 to S3 of the first operation example, respectively. There-
fore, the description of the steps S11 to S13 is omitted. In
addition, the matters and items described in the first opera-
tion example may be combined with the present operation
example, unless otherwise mentioned.

(S14: Satisfactory Quality?)

[0411] In the case where the image group assessing pro-
cessor 81 has determined in the step S13 that the quality of
the image group is satisfactory (S14: Yes), the present
operation proceeds to an assessment of the quality (error) of
the follow-up photography (S15). On the other hand, in the
case where the image group assessing processor 81 has
determined in the step S13 that the quality of the image
group is not satisfactory (S14: No), the present operation
proceeds to the step S16.

(S15: Proceed to Error Assessment)

[0412] When the image group assessing processor 81 has
determined in the step S13 that the quality of the image
group is satisfactory (S14: Yes), the controller 7 executes a
control to perform processing for assessing the quality
(error) of the follow-up photography from which this image
group was obtained. This control may be executed, for
example, in the same manner as the step S5 in the first
operation example. After the execution of the step S15, the
present operation proceeds to the step S31 in FIG. 14.

(S16: Suggest Re-Photographing)

[0413] In the case where the image group assessing pro-
cessor 81 has determined in the step S13 that the quality of
the image group is not satisfactory (S14: No), the controller
7 then executes a control to suggest the user to conduct
photography again. The user then performs an operation of
issuing an instruction to start re-photographing or an opera-
tion of issuing an instruction not to re-perform photography.

(S817: Alignment)

[0414] Upon receiving an instruction from the user to start
re-photographing, the controller 7 performs alignment in the
same manner as in the step S11.

(S818: Follow-Up Photography (Scan))

[0415] After completing the alignment in the step S17, the
slit lamp microscope 1 applies a scan to the three dimen-
sional region of the anterior segment of the subject’s eye E
in the same manner as in the step S12. Another image group
is obtained by this scan.

(S19: Select Image)

[0416] The selecting processor 821 selects one or more
images that satisfy a predetermined condition, from among
a set of images that includes the image group collected by
the scan of the step S12 and the image group collected by the
scan of the step S18. Note that in the case where a deter-
mination result “No” has been issued two or more times in
the step S14, the selecting processor 821 selects one or more
images that satisfy the predetermined condition, from a set

Sep. 28, 2023

of images that includes the image group collected by the
scan of the step S12 and two or more image groups collected
by the two or more times of scans performed in the step S18.
[0417] In some aspect examples, the combination of the
operation of the step S18 and the operation of the step S19
may be either one of an operation of alternately performing
scan application and image selection or an operation of
performing image selection after executing all scans, as
described above. By such an interlocking operation of the
scan application and the image selection, a series of images
is selected from two or more image groups obtained by two
or more times of scans.

(S20: Form Image Set)

[0418] The image set forming processor 82 forms an
image set including a series of images selected in the step
S19.

(S21: Assess Quality of Image Set)

[0419] The image set assessing processor 83 assesses the
quality of the image set formed in the step S20.

(S14: Satisfactory Quality?)

[0420] In the case where the image set assessing processor
83 has determined in the step S21 that the quality of the
image set is satisfactory (S14: Yes), the present operation
proceeds to an assessment of the quality (error) of the
follow-up photography (S15). On the other hand, in the case
where the image set assessing processor 83 has determined
in the step S21 that the quality of the image set is not
satisfactory (S14: No), the present operation proceeds to the
step S16 and then the processes of the steps S16 to S14 are
performed again.

(S15: Proceed to Error Assessment)

[0421] When the image group assessing processor 81 has
determined in the step S13 that the quality of the image set
is satisfactory (S14: Yes), the controller 7 executes a control
to perform processing for assessing the quality (error) of the
follow-up photography from which this image set was
obtained. This control may be executed, for example, in the
same manner as the step S5 in the first operation example.
After the execution of the step S15, the present operation
proceeds to the step S31 in FIG. 14.

[0422] In the case where this image set consists of one
image group acquired by a single anterior segment scan, that
is, in the case where a result of the determination executed
by the step S14 has never been “No”, yet in other words, in
the case where the result of the determination obtained by
the step S14 of the first time is “Yes”, the operations of the
steps S31 to S35 may be performed in the same manner as
in the first operation example.

[0423] On the other hand, in the case where an image set
is formed from two or more image groups acquired by two
or more times of anterior segment scans, that is, in the case
where a result of the determination executed by the step S14
has been “No” at least once, yet in other words, in the case
where the result of the determination obtained by the step
S14 of the first time is “No”, the operations in the steps S31
to S35 may be performed, for example, according to any of
the following aspect examples.

[0424] The first aspect example is operated to select an
anterior segment scan from two or more times of anterior
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segment scans, and then perform the operations of the steps
S31 to S35 for the selected anterior segment scan in the same
manner as in the first operation example. The method of the
anterior segment scan selection may be freely selected or
designed. For example, the first anterior segment scan and/or
the last anterior segment scan may be selected.

[0425] The second aspect example is operated to perform
the operations of the steps S31 to S35 in the same manner
as in the first operation example for each of two or more
times of anterior segment scans, and then perform an error
assessment of the follow-up photography on the basis of two
or more results obtained by the operations of the steps S31
to S35 for the two or more times of anterior segment scans.
This error assessment is executed, for example, by applying
statistical processing to the two or more results. An example
of the error assessment of the second aspect example is
carried out by selecting one result from the two or more
results (e.g., the assessment result with the largest error) and
then executing the final process of the error assessment
based on the result selected. Another example of the error
assessment of the second aspect example is carried out by
applying a predetermined statistical processing to two or
more results obtained by the operations of the steps S31 to
S35 for the two or more times of anterior segment scans, and
then executing the final process of the error assessment
based on data (e.g., average) obtained by the statistical
processing.

(S31: Generate Misalignment Information)

[0426] After the execution of the step S15, the present
operation proceeds to the step S31 of FIG. 14. In the step
S31, the misalignment information acquiring processor 86
generates misalignment information between the follow-up
image and the reference image by analyzing the image set
and/or the one or more image groups determined in the step
S14 to be of a satisfactory quality and the past images
referred to in the follow-up photography, that is, by analyz-
ing the follow-up images and the reference images.

(S32: Calculate Assessment Value)

[0427] Next, the assessment value calculating processor
87 calculates an assessment value of an error in the scan
position of the follow-up photography based on the mis-
alignment information acquired in the step S31.

(S33: Determine Acceptability of Follow-Up Photography)

[0428] Subsequently, the acceptability determining pro-
cessor 88 determines whether or not the follow-up photog-
raphy has been successfully performed, based on the assess-
ment value calculated in the step S32.

(S34: Acceptable?)

[0429] In the case where the acceptability determining
processor 88 has determined in the step S33 that the follow-
up photography has been successfully performed (S34: Yes),
the present operation proceeds to the step S35.

[0430] On the other hand, in the case where the accept-
ability determining processor 88 has determined in the step
S33 that the follow-up photography had not been success-
fully performed (S34: No), the present operation returns to
the step S16 of FIG. 13. The processing in this case is
executed in conformity with the processing executed in the
step S16 described above.
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(S35: Output Image)

[0431] In the case where the acceptability determining
processor 88 has determined in the step S33 that the follow-
up photography has been successfully performed (S34: Yes),
the controller 7 executes a control for outputting the image
set. In the present example, the controller 7 controls the
communication device 9 to transmit the image set to another
apparatus.

[0432] The destination of the image set transmitted may be
the same as or different from the destination of the image
group in the first operation example. The image set output
may include the background information, the misalignment
information, the assessment value, the acceptability deter-
mination result, and other kinds of information described
above. Alternatively, these pieces of information may be
supplementary information attached to the image set. As in
the case of the image group, the image set transmitted may
include a series of images of the anterior segment of the
subject’s right eye and a series of images of the anterior
segment of the subject’s left eye. Furthermore, the subject’s
eye information may be attached to the series of images of
the right eye and the subject’s eye information may be
attached to the series of images of the left eye. In addition,
identification information of the subject may be transmitted
together with the image set.

[0433] The image set transmitted from the slit lamp micro-
scope 1 in the step S35 is sent directly or indirectly to an
information processing apparatus. This information process-
ing apparatus may be an image interpretation computer
terminal and/or an image interpretation apparatus, for
example.

[0434] According to the second operation example as
described thus far, in the case where an image group of a
satisfactory quality is acquired by the first scan, this image
group can be provided for subsequent processing such as
image interpretation. On the other hand, in the case where an
image group of a satisfactory quality cannot be acquired by
the first scan, the second operation example is capable of
acquiring another image group and then forming an image
set having a satisfactory quality by selecting a series of
images from two or more image groups obtained up to that
point of time. More generally, the second operation example
can repeatedly perform photography until an image set with
a satisfactory quality is obtained. Therefore, when an image
group of a satisfactory quality is acquired by the first scan,
this image group can be provided for subsequent processing.
In addition, when the first scan yields no image group of a
satisfactory quality, an image set of a satisfactory quality can
be formed based on two or more image groups acquired by
two or more times of scans and this image set can then be
provided for subsequent processing. Therefore, processing
such as image interpretation can be suitably performed.
[0435] Furthermore, according to the second operation
example, in the case where the first follow-up photography
is successfully performed, the image group acquired by the
first follow-up photography may be provided for subsequent
processing such as image interpretation. On the other hand,
in the case where the first follow-up photography is unsuc-
cessfully performed, the second operation example may be
operated to perform follow-up photography again to acquire
another image group and then form an image set from two
or more image groups that include this another image group.
More generally, the second operation example may be
operated to repeat photography until an image set based on
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satisfactory follow-up photography is obtained. Therefore,
the second operation example is capable of providing an
image set or an image group (follow-up images) with a small
positional error with respect to the images acquired in the
past photography (reference images) for subsequent pro-
cessing in either case where the first follow-up photography
has been performed satisfactorily or unsatisfactorily (suc-
cessfully or unsuccessfully). As a result, an image compari-
son in a follow-up can be performed in a suitable manner.
[0436] Thus, in the second operation example, the quality
assessment of an image group, the quality assessment of an
image set, and the quality assessment of follow-up photog-
raphy can be performed. This makes it possible to suitably
execute automatic image interpretation by means of an
information processing apparatus (an image interpretation
apparatus), and for a doctor (e.g., medical image interpreter)
to conduct image interpretation in an appropriate manner.
This also makes it possible to satisfactorily perform an
image comparison in a follow-up. This completes the
description of the second operation example.

[0437] The operations that can be performed by the slit
lamp microscope 1 of the present aspect example are not
limited to the two examples described above. In some
examples, the slit lamp microscope 1 may be configured to
perform an operation based at least on any one or two or
more of the matters and items described in the present aspect
examples, any modification thereof, and any known tech-
nique or technology.

[0438] In some examples, the slit lamp microscope 1 may
be configured to directly or indirectly transmit, to an infor-
mation processing apparatus, an image group collected in a
single scan (a single follow-up photography) of the anterior
segment of the subject’s eye E without carrying out re-
photographing as described in the two examples described
above.

[0439] In addition, the slit lamp microscope 1 may be
configured to apply analysis processing to a series of images
(image group, image set) collected from a three dimensional
region of the anterior segment of the subject’s eye E to
obtain analysis data (e.g., anterior segment parameter value),
and then transmit the analysis data directly or indirectly to
an information processing apparatus. Alternatively, the slit
lamp microscope 1 may be configured to apply analysis
processing to a series of images (image group, image set)
collected from a three dimensional region of the anterior
segment of the subject’s eye E to obtain analysis data (e.g.,
anterior segment parameter value), and then transmit the
analysis data and the series of images directly or indirectly
to an information processing apparatus.

Advantageous Effects

[0440] Some features, some actions, and some advanta-
geous effects of the slit lamp microscope of the aspect
examples described above will now be described.

[0441] The slit lamp microscope 1 includes an image
acquiring unit (the illumination system 2, the photography
system 3, the movement mechanism 6, etc.), the memory 10,
and the misalignment information acquiring processor 86.
The image acquiring unit is configured to acquire an image
by applying a scan with slit light to an anterior segment of
a subject’s eye E. The memory 10 stores the first image of
the anterior segment of the subject’s eye E together with the
second image acquired by follow-up photography per-
formed by the image acquiring unit with reference to the first
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image. The misalignment information acquiring processor
86 is configured to acquire misalignment information
between the first image and the second image by analyzing
the first image and the second image after the follow-up
photography.

[0442] According to such a slit lamp microscope 1, fol-
low-up photography can be performed with a modality that
scans the anterior segment of the subject’s eye E with slit
light, and furthermore, misalignment information on an error
in this follow-up photography can be acquired. This con-
figuration enables the slit lamp microscope 1 to obtain
information on the accuracy and precision of the follow-up
photography. In other words, this configuration allows the
slit lamp microscope 1 to obtain information on the error in
the acquisition position (photography position, acquisition
area, photography area, imaging area) of the follow-up. This
makes it possible for the slit lamp microscope 1 to provide,
to the user, information representing whether or not the
follow-up photography has been performed properly, infor-
mation representing the degree of accuracy and precision
with which the follow-up photography has been performed,
and like information. Therefore, it can be said that the slit
lamp microscope 1 of the aspect example contributes to the
improvement of the accuracy of diagnosis. Thus, the slit
lamp microscope 1 of the aspect example is capable of
providing a useful assessment on an error in follow-up
photography.

[0443] The slit lamp microscope having the optical system
shown in FIG. 10 is capable of acquiring a front image by
performing photography of the anterior segment of the
subject’s eye E (a front image acquiring unit). The front
photography of the anterior segment is performed by the
moving image acquisition unit 40, for example. In this case,
the front image acquiring unit includes the moving image
acquisition unit 40. In another example, the front image of
the anterior segment is constructed by synthesizing (com-
posing) two or more anterior segment images acquired by
two or more anterior segment cameras disclosed by Japanese
Unexamined Patent Application Publication No. 2013-
248376 filed by the present applicant. In this case, the front
image acquiring unit includes such two or more anterior eye
segment cameras and a processor (e.g., the data processor 8)
configured to perform image synthesis (image composition).
[0444] The first image referred to in the follow-up pho-
tography of the slit lamp microscope of the present example
may include the first front image acquired by performing
photography of the anterior segment of the subject’s eye E.
The first front image may be acquired by the slit lamp
microscope of the present example, or may be acquired (and
constructed) by an apparatus other than the slit lamp micro-
scope. Furthermore, the second image obtained by the
follow-up photography performed with reference to the first
front image may include the second front image acquired by
the follow-up photography using the front image acquiring
unit. The misalignment information acquiring processor 86
of the present example is capable of generating misalign-
ment information based at least on the first front image and
the second front image.

[0445] The slit lamp microscope of an aspect that can
acquire a front image in this way is capable of presenting the
scan position on the front image based on the misalignment
information. To achieve this, the memory 10 further stores
the first position information and the second position infor-
mation. Here, the first position information represents a
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position in the first front image of an image acquired by the
image acquiring unit together with the first front image, and
the second position information represents a position in the
second front image of an image acquired by the image
acquiring unit together with the second front image. The first
position information represents, for example, the application
position (application area) of the anterior segment scan
performed at the time of the acquisition of the first front
image that has been referred to in the follow-up photogra-
phy, using the coordinate system of the first front image. The
second position information represents, for example, the
application position (application area) of the anterior seg-
ment scan at the time of the follow-up photography per-
formed with reference to the first front image, using the
coordinate system of the second front image obtained by the
front photography performed together with the anterior
segment scan (or, obtained by another front photography).
Furthermore, the slit lamp microscope of the present
example is capable of displaying the first front image and/or
the second front image on a display device. In addition, the
slit lamp microscope of the present example is capable of
displaying the first position image corresponding to the first
position information and the second position image corre-
sponding to the second position information on the dis-
played first front image and/or the displayed second front
image in an overlapping manner, based on the misalignment
information acquired by the misalignment information
acquiring processor 86. These display processes are
executed by a display controller. In the slit lamp microscope
of the example aspect, the controller 7 functions as the
display controller.

[0446] A slit lamp microscope of an aspect configured to
be capable of acquiring a front image or a slit lamp micro-
scope of an aspect configured to be incapable of acquiring a
front image may be configured in the following manner. The
first image referred to in the follow-up photography may
include the first scan image acquired by applying a scan with
slit light to the anterior segment of the subject’s eye E. The
first scan image may be acquired by the slit lamp microscope
of the present example, or may be acquired by an apparatus
other than the slit lamp microscope of the present example.
The second image acquired by the follow-up photography
performed with reference to the first scan image may include
the second scan image acquired, using the image acquiring
unit, by the follow-up photography with reference to the first
scan image. The misalignment information acquiring pro-
cessor 86 of the present example may be configured to
acquire the misalignment information based at least on the
first scan image and the second scan image. According to the
present example, since the misalignment information can be
generated from a scan image obtained by an anterior seg-
ment scan, there is no need to provide a configuration for
acquiring a front image (front image acquiring unit), and
hence, the configuration can be simplified.

[0447] It should be noted that it is possible to combine the
processing of determining misalignment from a front image
and the processing of determining misalignment from a scan
image. In some aspect examples, the slit lamp microscope
may be configured to determine misalignment information
in the XY direction from a front image (and a scan image)
and determine misalignment information in the Z direction
from a scan image.

[0448] The slit lamp microscope 1 of the aspect example
may include the assessment value calculating processor 87.
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The assessment value calculating processor 87 is configured
to calculate an assessment value of an error in a scan
position of the follow-up photography based on the mis-
alignment information acquired by the misalignment infor-
mation acquiring processor 86. This configuration makes it
possible to implement quantitative perception of the degree
of the positional error in the follow-up photography.

[0449] The slit lamp microscope 1 of the aspect example
may include the acceptability determining processor 88. The
acceptability determining processor 88 is configured to
determine acceptability of the follow-up photography
(whether or not the follow-up photography has been carried
out in an appropriate, suitable manner), based on the assess-
ment value calculated by the assessment value calculating
processor 87. This makes it possible to implement quanti-
tative and automatic assessment of the degree of the posi-
tional error in the follow-up photography.

[0450] The slit lamp microscope 1 of the aspect example
may include the communication device 9 (the first commu-
nication device). Further, the slit lamp microscope 1 is
capable of performing transmission of an image(s) acquired
by the follow-up photography to a predetermined external
device under a condition that the acceptability determining
processor 88 determines that the follow-up photography is
acceptable. This configuration enables the slit lamp micro-
scope 1 to provide an image obtained by satisfactory follow-
up photography for image interpretation. Note that the
condition used for judgment whether or not the image
acquired by the follow-up photography is to be transmitted
to the external device, may only include a condition on the
basis of a result obtained by the acceptability determining
processor 88 described here, or may further include a
condition other than that.

[0451] In some aspect examples, the image acquiring unit
includes a scanner configured to apply a scan with the slit
light to the anterior segment of the subject’s eye E to collect
an image group. The scanner includes an illumination sys-
tem (2), a photography system (3), and a movement mecha-
nism (6). The illumination system is configured to project
the slit light onto the anterior segment of the subject’s eye
E. The photography system is configured to perform pho-
tography of the anterior segment from a direction different
from the illumination system. The movement mechanism is
configured to move the illumination system and the photog-
raphy system. The photography system is configured to
perform repetitive photography in parallel with movement
of the illumination system and the photography system
performed by the movement mechanism. This repetitive
photography is, for example, moving image photography at
a predetermined acquisition rate (photographing rate).

[0452] According to such a configuration the slit lamp
microscope 1 is capable of, first of all, acquiring an image
group representing the anterior segment of the subject’s eye
E without contacting the subject’s eye E, thereby requiring
no application of an eye drop anesthesia or a corneal
protective agent (ophthalmic gel) to the subject’s eye E,
which can reduce a burden on the patient. Further, unlike a
conventional slit lamp microscope that provides an image of
a single cross section, the slit lamp microscope of the aspect
example is capable of acquiring an image group by per-
forming application of a scan to a three dimensional region
of the anterior segment of the subject’s eye E. This makes it
possible for the user to observe a desired site or part of the
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anterior segment in detail during a diagnosis conducted after
photography (e.g., during image interpretation or other
medical activities).

[0453] In addition, as described above, acquisition of
satisfactory images using a conventional slit lamp micro-
scope requires fine and complicated operations. However,
with the remote operation techniques as disclosed in Patent
Documents 3 and 4, such difficult operations have to be
conducted from a remote location. Therefore, it is consid-
ered extremely difficult to obtain images of quality good
enough for diagnosis (image interpretation) using a conven-
tional slit lamp microscope with such a conventional remote
operation function. Further, although a slit lamp microscope
serves an effective role in screening, follow-ups, and like
applications, it can be said, in view of the difficulties of
remote operations, that it is practically impossible to use a
conventional slit lamp microscope for telemedicine with
conventional techniques.

[0454] In contrast, the slit lamp microscope of some
aspect examples is configured to first perform a scan of the
subject’s eye E to collect an image group, and hence has an
advantage of not requiring remote operations conducted by
a doctor as in conventional cases. In other words, conven-
tional methods require a doctor to conduct a medical exami-
nation and consultation while performing operations of a slit
lamp microscope from a remote location. In the case of
employing the slit lamp microscope 1, on the other hand, a
doctor only needs to perform image interpretation of an
image group acquired in advance. As a consequence, a
doctor can be freed from the time and effort required for
performing photography, and therefore concentrate on
image interpretation. In this way, the present aspect example
can contribute to diffusion of high quality slit lamp micro-
scope examinations.

[0455] In some aspect examples, the movement mecha-
nism 6 may be configured to perform the movement of the
illumination system 2 and the photography system 3 in such
a manner that the slit light projected onto the anterior
segment of the subject’s eye E by the illumination system 2
moves in a width direction of the slit light.

[0456] The slit lamp microscope 1 of some aspect
examples may have a function as a Scheimpflug camera, for
example, in order to acquire an image (two dimensional
cross sectional image) in which an area from the anterior
surface of the cornea to the posterior surface of the crystal-
line lens is in focus. For this purpose, the photography
system 3 may include the optical system 4 and the image
sensor 5. The optical system 4 is configured to direct light
(return light) coming from the anterior segment of the
subject’s eye E onto which the slit light is projected. The
image sensor 5 includes a light detecting plane and is
configured to receive the light directed by the optical system
4 with the light detecting plane. In addition, the slit lamp
microscope 1 may be configured in such a manner that the
subject plane along the optical axis of the illumination
system 2, the optical system 4, and the image sensor 5 (the
light detecting plane) satisfy the Scheimpflug condition.
With such a configuration, it becomes possible to perform
photography in which the entire three dimensional region of
the anterior segment is in focus and therefore obtain an
image of a satisfactory quality.

[0457] In some aspect examples, the second image
acquired by the follow-up photography may include at least
one image included in an image group collected by the
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scanner during the follow-up photography. Fach image
included in this image group is typically a two dimensional
cross sectional image.

[0458] In some aspect examples, the image acquiring unit
may include a processed image constructing processor (85)
configured to construct a processed image from the image
group collected by the scanner during the follow-up pho-
tography. The processed image may be, for example, a three
dimensional image constructed from the image group, or
may be a rendered image constructed from the three dimen-
sional image. The second image acquired by the follow-up
photography may include a processed image thus config-
ured.

[0459] As mentioned above, the second image acquired by
the follow-up photography may include an image of various
a type (modes, forms, kinds) such as an image included in
the image group (two dimensional cross sectional image), a
three dimensional image, a rendering image, or images of
other types. The type(s) of image included in the second
image may be freely selected or determined. Note that the
process of constructing a processed image may be per-
formed by means of an external device such as an image
interpretation apparatus, an image interpretation computer
terminal, or other information processing apparatuses.

[0460] The slit lamp microscope 1 of some aspect
examples may include the image group processing processor
80 configured to execute processing of the image group
collected by the scanner. This enables desired processing to
be performed on the image group collected by the scanner.

[0461] In some aspect examples, the image group process-
ing processor 80 may include the image group assessing
processor 81 (first assessing processor). The image group
assessing processor 81 is configured to execute an assess-
ment of a quality of the image group collected by the
scanner. With this configuration, the quality of the image
group collected by scanning the anterior segment of the
subject’s eye E can be assessed by the slit lamp microscope
itself. Thus, the quality of the image group can be checked
before offering the image group to a doctor or an image
interpretation apparatus.

[0462] Forexample, as described below, the present aspect
example is capable of switching the control modes (contents
of control) according to a result of the assessment of the
quality of the image group obtained by the image group
assessing processor 81. As a result, when an image group of
a satisfactory quality is obtained, suitable processing can be
executed accordingly, and when an image group of a satis-
factory quality is not obtained, suitable processing can be
executed accordingly, too.

[0463] The slit lamp microscope 1 of the present aspect
example may perform transmission of the image group to a
predetermined external device by means of the communi-
cation device 9 (second communication device) under a
condition that the image group assessing processor 81
assesses that the quality of the image group collected by the
scanner is satisfactory. Such a configuration makes it pos-
sible, upon acquisition of an image group of a satisfactory
quality, to provide this image group to a doctor who is at a
remote location or an image interpretation apparatus located
at a remote location, for example. It should be noted that the
condition for performing transmission of the image group
acquired by the follow-up photography to an external device
may only include the condition related to the quality of the
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image group described herein, or may further include a
condition(s) of a different kind(s).

[0464] The slit lamp microscope 1 of the present aspect
example may include the controller 7 (first controller) con-
figured in the following manner. The controller 7 is config-
ured to execute a control of the scanner to apply another scan
to the anterior segment of the subject’s eye E when the
image group assessing processor 81 assesses that the quality
of the image group is not satisfactory. The control mode for
causing the scanner to conduct another scan may be any of
the following controls, for example: a control for suggesting
the user to carry out photography again; and a control for
automatically performing photography again (a control for
automatically shifting to re-photographing). According to
this configuration, it is possible to smoothly shift to re-
photographing (re-scanning) in the case where an image
group of a satisfactory quality cannot be acquired by one
time of scan.

[0465] In some aspect examples, the image group process-
ing processor 80 may include the image set forming pro-
cessor 82. The image set forming processor 82 is configured
to execute a formation of an image set by selecting a series
of images corresponding to a predetermined scan area from
two or more image groups that include the image group
acquired already by the scan applied to the anterior segment
of the subject’s eye E and another image group collected by
another scan applied to the anterior segment of the subject’s
eye E. According to this configuration, in the case where two
or more times of scans are applied to the subject’s eye, an
image set can be formed with a series of images selected
from two or more image groups obtained by the two or more
times of scans. This improves the possibility of obtaining an
image set of a satisfactory quality. For example, even in the
case where a satisfactory image cannot be obtained due to
the occurrence of blinking or eye movements during execu-
tion of a scan, an image obtained through another scan can
be used as a replacement for a corresponding unsatisfactory
image.

[0466] In some aspect examples, the image group process-
ing processor 80 may include the image set assessing
processor 83 (second assessing processor) configured to
execute an assessment of the quality of the image set formed
by the image set forming processor 82. In some examples,
the image set assessing processor 83 may be configured to
be capable of performing an assessment of any of the
following condition items for the series of images included
in the image set: the arrangement order of the series of
images; lack or omission of an image in the series of images;
and misalignment of the series of images. This assessment
may be executed by analyzing the series of images in the
image set. For example, the image set assessing processor 83
may execute a quality assessment of the series of images
based on a landmark in a series of frames. The landmark
may be an image region corresponding to a tissue or a site
such as the cornea, the iris, the pupil, or the corner angle. By
performing such an assessment of an image set, it becomes
possible to prepare an image set having a satisfactory quality
that makes it possible for a doctor or an image interpretation
apparatus to achieve effective performance of image inter-
pretation.

[0467] The slit lamp microscope 1 of the present aspect
example may perform transmission of the image set to a
predetermined external device by means of the communi-
cation device 9 under a condition that the image set assess-
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ing processor 83 assesses that the quality of the image set is
satisfactory. Such a configuration makes it possible, upon
acquisition of an image set of a satisfactory quality, to
provide this image set to a doctor who is at a remote location
or an image interpretation apparatus located at a remote
location, for example. It should be noted that the condition
for performing transmission of the image set acquired by the
follow-up photography to an external device may only
include the condition related to the quality of the image set
described herein, or may further include a condition(s) of a
different kind(s).

[0468] The slit lamp microscope 1 of some aspect
examples may include the controller 7 (second controller)
configured in the following manner. The controller 7 is
configured to execute a control of the scanner to apply
another scan to the anterior segment of the subject’s eye E
when the image set assessing processor 83 assesses that the
quality of the image set is not satisfactory. The control mode
for causing the scanner to conduct another scan may be any
of the following controls, for example: a control for sug-
gesting the user to carry out photography again; and a
control for automatically performing photography again (a
control for automatically shifting to re-photographing).
According to this configuration, it is possible to smoothly
shift to re-photographing (re-scanning) in the case where an
image set of a satisfactory quality cannot be acquired by two
or more times of scans performed up to the current stage.

<Some Additional Matters and Items>

[0469] Some aspect examples described above are merely
examples of the implementation of the present disclosure,
and any modifications (e.g., omission, substitution, replace-
ment, addition, etc.) may be made within the scope of the
present disclosure to the above aspect examples.

[0470] The aspect example described above is configured
to execute an assessment of an image group and/or an image
set each time a single scan is performed. In some other
aspect examples, the slit lamp microscope may be config-
ured to first perform a plurality of times of scans in succes-
sion to collect a plurality of image groups, and then to
execute a formation of an image set from the plurality of
images groups collected. In other words, the slit lamp
microscope of the present aspect example may be configured
in the following manner: the scanner is configured to per-
form application of two or more times of scans to an anterior
segment of the subject’s eye to collect two or more image
groups; and the image group processing processor (image
set forming processor) is configured to execute a formation
of'an image set by executing selection of a series of images
corresponding to a scan area from the two or more image
groups collected. According to the present aspect example,
a satisfactory image set can be obtained as long as no
inconvenience (e.g., blinking, eye movement, etc.) occurs
during all of the plurality of times of scans. Therefore, the
present aspect example can increase the possibility of
acquiring a satisfactory image set. It is possible to combine,
with the present aspect example, any of the aspect examples
relating to quality assessment of follow-up photography.
[0471] A slit lamp microscope according to any of the
aspect examples may be used for any purpose, and may have
a function for that purpose. In addition to the follow-up
function described above, a slit lamp microscope of some
aspect examples may have a statistical analysis function.
These functions are used to execute an assessment of the
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state or condition of the subject’s eye in a quantitative and
objective manner. According to the slit lamp microscope of
some aspect examples, non-contact anterior segment obser-
vation can be performed in detail and with reliability as
described above, allowing follow-ups and statistical analysis
to be performed effectively and suitably. Note that an
apparatus other than the slit lamp microscope may have the
same or similar functions (the same applies hereinafter).
Examples of this apparatus include an information process-
ing apparatus, an image interpretation computer terminal, an
image interpretation apparatus, an ophthalmic apparatus,
and so forth.

[0472] The slit lamp microscope configured in this way
has a function of calculating a value of a predetermined
parameter by analyzing an image acquired based on a scan
applied to the anterior segment of the subject’s eye. This
function is referred to as a parameter calculating function.
The image to be analyzed may be any kind of image, and
may be any of the following examples: an image group
collected by the scan; at least one image included in the
image group; a three dimensional image constructed from at
least one or more images of the image group; a rendered
image of the three dimensional image; an image set obtained
from two or more images; at least one image included in the
image set; a three dimensional image constructed from at
least one or more images of the image set; and a rendered
image of this three dimensional image. The parameter to be
calculated may be any kind of parameter, and may include,
for example, any of the anterior segment parameters
described above. Parameter calculation includes a process
according to a parameter of interest. In some typical
examples, parameter calculation may include segmentation,
feature point detection, distance measurement, ratio calcu-
lation, angle calculation, and so forth.

[0473] Examples of a statistical analysis function include
a comparison with data obtained from normal eyes and a
comparison with data obtained from eyes with diseases. The
former comparison function is referred to as a normative
data comparison function and the latter comparison function
is referred to as an affected eye data comparison function.
[0474] A slit lamp microscope that has the normative data
comparison function includes a normal eye database (nor-
mative database) obtained by executing statistical process-
ing of parameter values acquired from a large number of
normal eyes. Alternatively, a slit lamp microscope that has
the normative data comparison function may be configured
to be capable of referring to a normative database stored in
another apparatus. A typical normative database defines a
normal range(s) for parameter values. The slit lamp micro-
scope determines whether or not a parameter value obtained
from the subject’s eye falls within the normal range. If the
parameter value obtained from the subject’s eye belongs to
the normal range, the subject’s eye is determined to be
normal (at least with respect to this parameter). If the slit
lamp microscope determines that the parameter value
obtained from the subject’s eye does not belong to the
normal range, the subject’s eye is determined to be abnormal
(at least with respect to this parameter).

[0475] A slit lamp microscope that has the affected eye
data comparison function includes a database for a specific
disease (affected eye database). Alternatively, a slit lamp
microscope that has the affected eye data comparison func-
tion may be configured to be capable of referring to an
affected eye database stored in another apparatus. An
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affected eye database is obtained by executing statistical
processing of parameter values acquired from a large num-
ber of eyes diagnosed as having a specific disease (an eye
with this disease, an affected eye). A typical affected eye
database defines an abnormal range(s) for parameter values.
The slit lamp microscope determines whether or not a
parameter value obtained from the subject’s eye falls within
the abnormal range. If the parameter value obtained from the
subject’s eye does not belong to the abnormal range, the
subject’s eye is determined to be normal (at least with
respect to this parameter). If the slit lamp microscope
determines that the parameter value obtained from the
subject’s eye belongs to the abnormal range, the subject’s
eye is determined to be abnormal (at least with respect to this
parameter).

[0476] In some typical examples, a slit lamp microscope
with the follow-up function has a function of comparing
time-series data (time course data, time-dependent change
data, chronological data, or the like) of the same patient or
a function of presenting time-series data of the same patient
in a comparable manner. For example, the slit lamp micro-
scope with the follow-up function has any of the following
functions: a function of determining the amount of time-
series change in a plurality of parameter values acquired on
a plurality of dates and times for the same patient; a function
of determining a trend of the plurality of parameter values;
a function of comparing the time-series change in the
plurality of parameter values with a standard change (stan-
dard change for normal eyes or standard change for affected
eyes); and a function of estimating a future value based on
the plurality of parameter values (and the standard change).
Further, the slit lamp microscope has a function of present-
ing a result obtained by any of these functions. Any method
and technique may be employed to present the result, such
as a graph, histogram, map, color code, or other aspects.

[0477] The present disclosure provides a method of con-
trolling a slit lamp microscope according to any of the aspect
examples. A slit lamp microscope includes a processor, a
storage, and an image acquiring unit. The image acquiring
unit is configured to perform application of a scan with slit
light to the anterior segment of the subject’s eye to acquire
an image. The control method according to the present
aspect example includes the following steps: a step of
causing the processor to execute a control of storing the first
image of the anterior segment of the subject’s eye into the
storage; and a step of causing the processor to execute a
control of storing the second image acquired by follow-up
photography performed by the image acquiring unit with
reference to the first image into the storage. In addition, the
control method according to the present aspect example
further includes a step of causing the processor to execute an
analysis of the first image and the second image in order to
obtain misalignment information between the first image
and the second image. This step is performed by executing
a control of the processor after the execution of the follow-
up photography.

[0478] The present disclosure provides a program that
causes a computer to execute the control method described
above. In addition, the present disclosure provides a com-
puter-readable non-transitory recording medium that stores
such a program. The non-transitory recording medium may
be in any form, and examples of the non-transitory recording
medium include a magnetic disk, an optical disk, a magneto-
optical disk, and a semiconductor memory.
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[0479] The present disclosure provides an imaging
method and data processing method according to any of the
aspect examples. The imaging method according to the
present aspect example includes a step of acquiring the first
image of the anterior segment of the subject’s eye and a step
of storing the first image acquired. Further, the imaging
method according to the present aspect example includes a
step of performing follow-up photography with reference to
the first image. This follow-up photography is performed by
applying a scan with slit light to the anterior segment of the
subject’s eye. This follow-up photography yields the second
image. Furthermore, the imaging method according to the
present aspect example includes a step of storing the second
image acquired by the follow-up photography. In addition,
the imaging method according to the present aspect example
includes a step of acquiring misalignment information
between the first image and the second image by analyzing
the first image and the second image after the execution of
the follow-up photography.

[0480] The processing method according to the present
aspect example includes a step of storing the first image of
the anterior segment of the subject’s eye and a step of storing
the second image acquired by follow-up photography with
reference to the first image. This follow-up photography is
performed by applying a scan with slit light to the anterior
segment of the subject’s eye. Further, the processing method
according to the present aspect example includes a step of
acquiring misalignment information between the first image
and the second image by analyzing the first image and the
second image after the execution of the follow-up photog-
raphy.

[0481] The present disclosure provides a program that
causes a computer to execute such an imaging method
and/or processing method. In addition, the present disclosure
provides a computer-readable non-transitory recording
medium in which such a program is stored.

[0482] Any matters and items described in the aspect
examples described in the present disclosure may be com-
bined with any of the control method of the slit lamp
microscope of the aspect examples, the imaging method of
some aspect examples, the processing method of some
aspect examples, the program of some aspect examples, and
the recording medium of some aspect examples.

EXPLANATION OF REFERENCE

CHARACTERS
[0483] 1 slit lamp microscope
[0484] 2 illumination system
[0485] 3 photography system
[0486] 4 optical system
[0487] 5 image sensor
[0488] 6 movement mechanism
[0489] 7 controller
[0490] 8 data processor
[0491] 80 image group processing processor
[0492] 81 image group assessing processor
[0493] 82 image set forming processor
[0494] 83 image set assessing processor
[0495] 85 processed image constructing processor
[0496] 86 misalignment information acquiring proces-
sor
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[0497] 87 assessment value calculating processor
[0498] 88 acceptability determining processor
[0499] 9 communication device

[0500] 10 memory

1. A slit lamp microscope comprising:

an image acquiring unit including a scanner and config-
ured to acquire an image by applying a scan with slit
light to an anterior segment of a subject’s eye;

a memory that stores a first image of the anterior segment
and a second image that is acquired by follow-up
photography performed by the image acquiring unit
with reference to the first image; and

a misalignment information acquiring processor config-
ured to acquire misalignment information between the
first image and the second image by analyzing the first
image and the second image after the follow-up pho-
tography.

2. The slit lamp microscope according to claim 1, further
comprising a front image acquiring unit including a lens and
configured to acquire a front image by performing photog-
raphy of the anterior segment, wherein

the first image includes a first front image acquired by
performing photography of the anterior segment,

the second image includes a second front image acquired
by the front image acquiring unit during the follow-up
photography with reference to the first front image, and

the misalignment information acquiring processor is con-
figured to acquire the misalignment information based
at least on the first front image and the second front
image.

3. The slit lamp microscope according to claim 2, wherein
the memory further stores first position information and
second position information, the first position information
representing a position in the first front image of an image
acquired by the image acquiring unit together with the first
front image and the second position information represent-
ing a position in the second front image of an image acquired
by the image acquiring unit together with the second front
image,

the slit lamp microscope further comprising a display
controller configured to execute a control of a display
device to display at least one front image of the first
front image and the second front image and to display
a first position image corresponding to the first position
information and a second position image corresponding
to the second position information on the at least one
front image in an overlapping manner based on the
misalignment information.

4. The slit lamp microscope according to claim 1, wherein

the first image includes a first scan image acquired by
applying a scan with slit light to the anterior segment,

the second image includes a second scan image acquired
by the image acquiring unit during the follow-up pho-
tography with reference to the first scan image, and

the misalignment information acquiring processor is con-
figured to acquire the misalignment information based
at least on the first scan image and the second scan
image.

5. The slit lamp microscope according to claim 1, further
comprising an assessment value calculating processor con-
figured to calculate an assessment value of an error in a scan
position of the follow-up photography based on the mis-
alignment information.
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6. The slit lamp microscope according to claim 5, further
comprising an acceptability determining processor config-
ured to determine acceptability of the follow-up photogra-
phy based on the assessment value calculated by the assess-
ment value calculating processor.

7. The slit lamp microscope according to claim 6, further
comprising a first communication device, wherein the first
communication device is configured to perform transmis-
sion of an image acquired by the follow-up photography
performed by the image acquiring unit to a predetermined
external device under a condition that the acceptability
determining processor determines that the follow-up pho-
tography is acceptable.

8. The slit lamp microscope according to claim 1, wherein
the image acquiring unit includes the scanner configured to
apply the scan with the slit light to the anterior segment to
collect an image group,

wherein the scanner includes

an illumination system configured to project the slit light
onto the anterior segment,

a photography system configured to perform photography
of the anterior segment from a direction different from
the illumination system, and

a movement mechanism configured to move the illumi-
nation system and the photography system,

wherein the photography system is configured to perform
repetitive photography in parallel with movement of
the illumination system and the photography system
performed by the movement mechanism.

9. The slit lamp microscope according to claim 8, wherein
the photography system includes

an optical system configured to direct light coming from
the anterior segment onto which the slit light is pro-
jected, and

an image sensor including a light detecting plane config-
ured to receive the light directed by the optical system,

wherein a subject plane along an optical axis of the
illumination system, the optical system, and the light
detecting plane satisty a Scheimpflug condition.

10. The slit lamp microscope according to claim 8,
wherein the movement mechanism is configured to perform
the movement of the illumination system and the photog-
raphy system such that the slit light projected onto the
anterior segment by the illumination system moves in a
width direction of the slit light.

11. The slit lamp microscope according to claim 8,
wherein the second image includes at least one image
included in an image group collected by the scanner during
the follow-up photography.

12. The slit lamp microscope according to claim 8,
wherein the image acquiring unit further includes a pro-
cessed image constructing processor configured to construct
a processed image from the image group.

13. The slit lamp microscope according to claim 12,
wherein the processed image constructing processor is con-
figured to construct a three dimensional image as the pro-
cessed image.

14. The slit lamp microscope according to claim 13,
wherein the processed image constructing processor is con-
figured to construct a rendered image of the three dimen-
sional image as the processed image.
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15. The slit lamp microscope according to claim 12,
wherein the second image includes the processed image.

16. The slit lamp microscope according to claim 8, further
comprising an image group processing processor configured
to process the image group collected by the scanner.

17. The slit lamp microscope according to claim 16,
wherein the image group processing processor includes a
first assessing processor configured to execute an assessment
of a quality of the image group.

18. The slit lamp microscope according to claim 17,
further comprising a second communication device, wherein
the second communication device is configured to perform
transmission of the image group to a predetermined external
device under a condition that the first assessing processor
assesses that the quality of the image group is satisfactory.

19. The slit lamp microscope according to claim 17,
further comprising a first controller configured to execute a
control of the scanner to perform another scan on the
anterior segment when the first assessing processor assesses
that the quality of the image group is not satisfactory.

20. The slit lamp microscope according to claim 19,
wherein the image group processing processor further
includes an image set forming processor configured to
execute a formation of an image set by selecting a series of
images corresponding to a scan area from at least two image
groups that include the image group and another image
group collected by the another scan.

21. The slit lamp microscope according to claim 16,
wherein

the scanner is configured to perform collection of at least
two image groups by applying at least two times of
scans to the anterior segment, and

the image group processing processor includes an image
set forming processor configured to execute a forma-
tion of an image set by selecting a series of images
corresponding to a scan area from the at least two
image groups.

22. The slit lamp microscope according to claim 20,
further comprising a second assessing processor configured
to execute an assessment of a quality of the image set formed
by the image set forming processor.

23. The slit lamp microscope according to claim 22,
further comprising a third communication device, wherein
the third communication device is configured to perform
transmission of the image set to a predetermined external
device under a condition that the second assessing processor
assesses that the quality of the image group is satisfactory.

24. The slit lamp microscope according to claim 22,
further comprising a second controller configured to execute
a control of the scanner to perform another scan on the
anterior segment when the second assessing processor
assesses that the quality of the image set is not satisfactory.

25. The slit lamp microscope according to claim 21,
further comprising a second assessing processor configured
to execute an assessment of a quality of the image set formed
by the image set forming processor.

26. The slit lamp microscope according to claim 25,
further comprising a third communication device, wherein
the third communication device is configured to perform
transmission of the image set to a predetermined external
device under a condition that the second assessing processor
assesses that the quality of the image group is satisfactory.
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27. The slit lamp microscope according to claim 25,
further comprising a second controller configured to execute
a control of the scanner to perform another scan on the
anterior segment when the second assessing processor
assesses that the quality of the image set is not satisfactory.
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