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ABSTRACT

An imaging device (30) that images a disease site as a subject includes a camera
body; a light unit that is provided in the camera body and that includes a first light source
5 (211a)and a second light source (212a) that have mutually different characteristics; and a
filter unit (31) that includes at least one independent filter (31A), and that is capable of
positioning the filter (31A) on an optical axis of the camera body and retracting the filter
from the optical axis of the camera body. The imaging device perform continuous
imaging by imaging in a state in which the subject is illuminated with light from the first
10  light source (211a) and, via a predetermined first mode, the filter (31A) is positioned on the
optical axis of the camera body or retracted from the optical axis of the camera body and,
thereafter, imaging in a state in which the subject is illuminated with light from the second
light source (212a) and, via a predetermined second mode that differs from the first mode,
the filter (31A) is positioned on the optical axis of the camera body or retracted from the

15 optical axis of the camera body.
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DESCRIPTION
Title of Invention

IMAGING DEVICE AND IMAGING METHOD

Technical Field
[0001] The present disclosure relates to an imaging device, and particularly relates to
an imaging device and an imaging method for supporting diagnoses of disease sites.
Background Art
[0002] In recent years, in the field of dermatology, dermoscopy has played an
important role in the diagnosis of pigmented skin diseases. Dermoscopy is an
examination method in which the structure and distribution of color of the epidermis and
the superficial dermis layer is observed. A dermoscope is a non-invasive examination
mstrument whereby a lesion is magnified about 10-times and is observed in a state in
which the lesion is brightly illuminated by a halogen lamp or the like, and the reflection at
the skin surface is suppressed by an echo gel, a polarization filter, or the like.
Observation methods in which a dermoscope is used are referred to as dermoscopy
examinations. In dermoscopy examinations, diffused reflection caused by keratin is
reduced and, as such, it is possible to satisfactorily observe pigment distribution from
within the epidermis down to the superficial dermis layer (for example, see Patent
Literature 1).
[0003] However, with the invention described in Patent Literature 1, there is a
problem in that imaging operations must be performed twice in two states, namely a state
in which an attachment is not attached to the camera, and a state in which the attachment is
attached to the camera. Note that, in the foregoing, background art related to skin
diseases such as pigmentary skin diseases are described, but the present disclosure is not
limited to dermoscopy cameras for skin diseases and can be applied to cases of imaging

disease sites caused by more common discases.
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Citation List
Patent Literature
[0004] Patent Literature 1: Unexamined Japanese Patent Application Kokai
Publication No. 2015-152601
Summary of Invention
Technical Problem
[0005] The present disclosure is made with the view of the above-noted problem in

Patent Literature 1, that imaging operations must be performed twice in two states, namely
a state in which an attachment is not attached to the camera, and a state in which the
attachment is attached to the camera, an objective of the present disclosure is to provide an
imaging device whereby a plurality of images in which a disease site can be easily observed
can be obtained by a simple operation, and an imaging method using the imaging device.
Solution to Problem

[0006] One aspect of the present disclosure that achieves the objective described
above is: an imaging device that images a disease site as a subject, the imaging device
including: a camera body; a light unit that is provided in the camera body and that includes
a first light source and a second light source that have mutually different characteristics; and
a filter unit that includes at least one independent filter, and that is capable of positioning
the filter on an optical axis of the camera body and retracting the filter from the optical axis
of the camera body;

wherein continuous imaging is performed by the camera body imaging, the
subject, in a state in which the subject is illuminated with light from the first light source by
the light unit and, via a predetermined first mode, the filter is positioned by the filter unit
on the optical axis of the camera body or retracted by the filter unit from the optical axis of
the camera body and, thereafter, by the camera body imaging, the subject, in a state in
which the subject is illuminated with light from the second light source by the light unit

and, viaa
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predetermined second mode that differs from the first mode, the filter is positioned by the
filter unit on the optical axis of the camera body or retracted by the filter unit from the
optical axis of the camera body.

The other features of the present disclosure are elucidated by the recitations of the
present description and the illustrations of the attached drawings.

Advantageous Effects of Invention
[0007] According to the present disclosure, a plurality of images in which a disease
site can be easily observed can be obtained by simple operations.
Brief Description of Drawings
[0008] FIG. 1 is a perspective view of an imaging device according to Embodiment
L
FIG. 2 is a disassembled perspective view of the imaging device according to

Embodiment 1;

FIG. 3 is a side cross-sectional view explaining a light unit and a camera body
according to Embodiment 1;

FIG. 4 is a front view explaining the light unit according to Embodiment 1;

FIG. 5 is a drawing explaining the operation flow of the imaging device according to
Embodiment 1;

FIG. 6 is a front view of an imaging device according to Embodiment 2;

FIG. 7 1s a disassembled perspective view of the imaging device according to
Embodiment 2;

FIG. 8 is a perspective cross-sectional view of a light unit according to Embodiment

FIG. 9 is a perspective cross-sectional view of a camera body according to
Embodiment 2;
FIG. 10 is a drawing schematically explaining the relationship between the light unit

and the camera body (lens unit) according to Embodiment 2;
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FIG. 11 is a graph explaining the transmittance of a near-infrared polarization filter
and a near-infrared transmission filter according to Embodiment 2;
FIG. 12 1s a front view of the light unit according to Embodiment 2;
FIG. 13 is cross-sectional view of the light unit depicted in FIG. 12, taken along line
X-X;
FIG. 14 is a cross-sectional view of the light unit depicted in FIG. 12, taken along
line Y-Y;

FIG. 15 1s a partial perspective view of an imaging device according to Embodiment

3;

FIG. 16 is a drawing illustrating a first operation mode of a filter unit according to
Embodiment 3;

FIG. 17 1s a drawing illustrating a second operation mode of the filter unit according
to Embodiment 3;

FIG. 18 is a drawing illustrating a fourth operation mode of the filter unit according
to Embodiment 3;

FIG. 19 is a drawing explaining the operation flow of the filter unit according to
Embodiment 3;

FIG. 20 is a view explaining the relationship between the operations of the filter unit
and the operations of the light unit according to Embodiment 3;

FIG. 21 1s a partial perspective view of an imaging device according to a modified
example of Embodiment 3; and

FIG. 22 is a drawing explaining the operation flows of the filter unit and the light
unit according to a modified example of Embodiment 3.

Description of Embodiments

[0009] Hereinafter, embodiments of a camera to which the present disclosure is
applied are described while referencing the drawings. Note that, the camera is applied to

a dermoscopy camera, which is an imaging device for examining a cancer (melanoma)
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such as a mole and, more generally, is applied to a close-up camera, which is an imaging
device that captures images coming into contact with a subject, and the like. In the
present description, an example of a dermoscopy camera is described.  Note that, in the
present description, the terms “dermoscope” and “dermoscopy” are used to refer
respectively to a skin examination magnifier (device) and skin examination by the same
magnifier or a use of the same magnifier (action), in a manner similar to the usage of
“microscope” (device) and “microscopy” (examination by a microscope or use of a
microscope (method)).
[0010] Embodiment 1
Overall configuration of dermoscopy camera 10

First, a dermoscopy camera 10 is described as the imaging device according to
Embodiment 1. The dermoscopy camera 10 can, under illumination by a light emitting
diode (LED) 11a that emits polarized light and an LED 12a that emits unpolarized light
that are provided in a light unit 3, sequentially capture and store images of subjects
illuminated with polarized light and images of subjects illuminated with unpolarized light
by a single shutter operation. The dermoscopy camera 10 can capture two lesion images,
including a lesion image illuminated with polarized light and a lesion image illuminated
with unpolarized light, in which there are no differences caused by exposure, white balance,
external light, and the like, and there is no deviation in the angle of view. Hereinafter, the
dermoscopy camera 10 is described in detail.
[0011] FIG. 1 is a perspective view of the dermoscopy camera 10 (the imaging
device) according to Embodiment 1.  FIG. 2 is a disassembled perspective view of the
dermoscopy camera 10. FIG. 3 is a side cross-sectional view explaining the light unit 3
and a camera body 1. FIG. 4 is a front view explaining the light unit 3. FIG.5isa
drawing explaining the operation flow of the dermoscopy camera 10.
[0012] Note that, in the following description, as illustrated in FIG. 1, the imaging

subject side (that is, the subject side) is defined as the front of the dermoscopy camera 10
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(also referred to as the “front surface™), and the side opposite the imaging subject side is
defined as the back of the dermoscopy camera 10.  The description of the dermoscopy
camera 10 is based on a Cartesian coordinate system in which the up, down, left, and right
directions are the up, down, left, and right directions when viewing the dermoscopy camera
10 from the front, as-is. Unless mentioned otherwise, the attaching of the various
members may be carried out using an appropriate method such as attaching using a
normal-sized screw or a small screw and attaching by fitting.
[0013] As illustrated in FIG. 1 and FIG. 2, the dermoscopy camera 10 schematically
includes a camera body (that is, an imaging device body, also referred to simply as “body™)
1, a light unit 3 provided on the front of the camera body 1, and a controller 2 provided on
the back of the camera body 1.  The light unit 3 illuminates a skin disease site while in a
state of contact. Here, the skin disease site is mainly a “mole.” The camera body 1 and
the light umit 3 are attached to the controller 2 by an attachment stay 4 and a stay fixing
screw 5.
[0014] A power lamp 17 that indicates a power or charge state of the camera body 1
is provided on the upper side of the camera body 1 in FIG. 2. A power button 8 and a
battery 9 of the light unit 3 are provided on the right side of the light unit 3 in FIG. 2. A
switch 18 (ON/OFF) is provided on the bottom of the battery 9 of the light unit 3. The
switch 18 enables the performance of a continuous imaging operation (described later).
[0015] Camera body 1

As illustrated in FIG. 3, the camera body 1 includes various components such as a
housing 1a, an imaging lens system (for example, a zoom lens) 1d, and a circuit wiring
board 1b and an imaging element 1¢ arranged on the back of the imaging lens system 1d.
The housing 1a accommodates the various components.  As described above, the power
lamp 17 that indicates the power or charge state of the camera body 1 is installed on the
upper side of the camera body 1 in FIG. 3. The imaging subject side of the imaging lens

system 1d is covered by a polarization filter 14. In this case, the polarization filter 14 is
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provided on the imaging subject side of the imaging lens system 1d, but the polarization
filter 14 may be provided between the imaging lens system 1d and the imaging element 1c,
or may be provided inside the imaging lens system 1d.
[0016] The configuration of a known imaging device used in typical imaging, such
as a commercially available digital camera, can be used as the configuration of the camera
body 1. For example, known parts can be used as the imaging lens system 1d, the circuit
wiring board 1b, and the imaging element 1c. The imaging lens system 1d includes a
known optical lens. A charge coupled device (CCD) image sensor or a complementary
metal oxide semiconductor (CMOS) image sensor can be used as the imaging element 1c.
[0017] Controller 2

As illustrated in FIG. 2, a shutter button 2a is provided on a top surface of the
controller 2. Furthermore, a memory unit (not illustrated) in which images that are
captured by the imaging element 1c are stored and a control unit (not illustrated) that
controls the various components of the dermoscopy camera 10 are provided in the
controller 2. A display (not illustrated) that displays the captured images is provided on
the back surface of the controller 2. The display may include a touch panel for
performing various settings of the dermoscopy camera 10.
[0018] Light unit 3

As illustrated in FIG. 3, the light unit 3 includes a first cover 3A, and a second cover
3B attached to a tip of the first cover 3A.  The first cover 3A is formed in a frustoconical
cylindrical shape. A light emitter 7 is provided in the second cover 3B.  In one example,
the first cover 3A and the second cover 3B are formed from a resin such as acrylic resin or
a polyvinyl chloride derivative.
[0019] The light emitter 7 includes an LED 11a (that is, a first light source)
mounted on an LED board 11 and an LED 12a (that is, a second light source) mounted on
an LED board 12. Here, a mode is described in which the LED 11a is covered by a

polarization filter 13 (LED 11a: LED with polarization filter), and the LED 12ais not
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covered by a polarization filter. Accordingly, the light emitted from the LED 11a is
converted to polarized light by the polarization filter 13, and is emitted on the subject as
polarized light.  The light emitted from the LED 12a is not polarized by a polarization
filter, and is emitted on the subject as unpolarized light. A cover member 6 is fitted into
an opening at the tip of the second cover 3B.  The cover member 6 contacts the skin
disease site, which is the subject, at the time of dermoscopy imaging. The LED 11a and
the LED 12a are arranged at positions that do not interfere with the optical axis of the
imaging lens system 1d of the camera body 1 (that is, the optical axis of the camera body
1). Since the first cover 3A is formed in a frustoconical cylindrical shape, the light from
the LED 11a and the LED 12a is emitted in a tapering manner toward the optical axis of
the imaging lens system 1d, in the direction of the skin disease site that is the subject. As
a result, the light is concentrated on the skin disease site that is the subject, reflection at the
surface of the skin, that is, at the stratum comeum and the epidermis, is suppressed while
promoting reflection at the dermis, and the skin disease site can be appropriately imaged.
[0020] Note that, here, the LED 11a is referred to as the first light source and the
LED 12ais referred to as the second light source. However, in some cases, the term,
“light source” is used to refer to a light source or lighting means, including not only the
light emitting element, but also members that affect the characteristics of the light, such as
polarization filters, near-infrared filters, infrared cut filters, coloring filters, magnifying
lenses, reflection plates, and the like. That is, constituents that create light to be emitted
on the subject as illumination light may be referred to as light sources.  For example, the
LED 11a and the polarization filter 13 covering the LED 11a constitute a single light
source, and this light source can be referred to as a light source that includes the LED 11a
and the polarization filter 13. Moreover, in this case, an LED (LED 11a) that is covered
by a polarization filter and an LED (LED 12a) that is not covered by a polarization filter
are provided separately. However, it is possible to switch the light with which the subject

is illuminated between polarized light and unpolarized light by moving the polarization
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filter and positioning the polarization filter in front of the emission surface of one of the
LEDs, or retracting the polarization [ilter from in front of the emission surface of one of the
LEDs. Additionally, an exterior member of the LED may be formed from a polarization
member.

[0021] A window 15a is provided on the upper-right side of the first cover 3A in
FIG. 3. Specifically, the window 15a is provided at a position that corresponds to the
power lamp 17 of the camera body 1. A photosensor 15 is mounted on the light unit 3
side of the window 15a. 'The photosensor 15 serves as light receiving means that receive
a lighting state of the power lamp 17. The photosensor 15 is connected to an LED control
board 16 by a wire, for example. The LED control board 16 is connected to the LED
board 11 on which the LED 11a is mounted by a wire, for example. Thus, in the present
embodiment, the camera body 1 and the light unit 3 can be linked to the release.

[0022] FIG. 4 illustrates the front surface of the light unit 3.  FIG. 4 illustrates an
example in which a pair of the LED 11a and a pair of the LED 12a are provided at the top
and the bottom of the light emitter 7 so as to be staggered with respect to each other. Due
to this configuration, unevennesses in the light that the subject is illuminated with can be
suppressed.  As described later, only the pair of the LEDs 11a turns on when illuminating
with polarized light. Additionally, only the pair of the LEDs 12a turns on when
illuminating with unpolarized light. Note that, in this case, an example is given in which
a pair of the LED 11a and a pair of the LED 12a are provided at the top and the bottom of
the light emitter 7 so as to be staggered with respect to each other.  However, the pair of
the LED 11a and the pair of the LED 12a may be provided on the left and the right, or
diagonally, of the light emitter 7 so as to be staggered. That is, equivalent effects can be
obtained provided that, when viewing the light unit 3 from the front, the pair of the LED
11a and the pair of the LED 12a are provided with respect to the optical axis of the camera
body 1 such that the LEDs of each pair oppose each other.

[0023] Note that FIG. 3 and FIG. 4 depict a mode in which the LED 11a is covered
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by the polarization filter 13 and the LED 12a is not covered by a polarization filter.
However, a mode is possible in which both the LED 11a and the LED 12a are covered by
polarization filters in anticipation of a case in which the subject is always to be illuminated
with polarized light. Moreover, a mode is possible in which both the LED 11a and the
LED 12a are not covered by polarization filters in anticipation of a case in which the
subject is always to be illuminated with unpolarized light. That is, whether a polarization
filter is provided may be determined on the basis on the situation of the skin discase site.
Provided that the light emitter 7 of the second cover 3B includes both the LED 11a that is
covered by the polarization filter 13 and the LED 12a that is not covered by a polarization
filter as illustrated in FIG. 3, by tuning the switch 18 illustrated in FIG. 2 ON or OFF , the
light source that is turned on can be automatically switched between the LED 11a and the
LED 12a when performing continuous imaging, and imaging in which the subject is
tlluminated with polarized light and imaging in which the subject is illuminated with
unpolarized light can be realized by a single shutter operation. Furthermore, in a case in
which the polarization filter 13 is attached to one or both of the LED 11a and the LED 12a,
the dermoscopy camera 10 can capture an image in which, due to the synergy between the
polarization filter 13 and the polarization filter 14, unnecessary reflection from the skin
surface is eliminated. As a result, a user is able to examine the skin state on the basis of
captured images that are clear.
[0024] Operations of dermoscopy camera 10

Next, the operation flow of the dermoscopy camera 10 is described while
referencing FIG. 5. FIG. 5 illustrates the operation flow of the dermoscopy camera 10,
starting from a state in which the LED 11a that is covered by the polarization filter 13 is
tumed on (step S301 of the light unit 3 illustrated on the left side of FIG. 5).
[0025] First, the user sets the power button of the dermoscopy camera 10, which is
provided on the controller 2, to the ON state (step S101).  As aresult, the power lamp 17

of the camera body 1 changes, for example, from an off state to a green lighting state.
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Next, the user operates the controller 2 to perform continuous imaging setting (step S102).
Then, the user presses the shutter button 2a, and the dermoscopy camera 10 is release
operated (step S103).

[0026] In step S102, in a state in which the power button 8 of the light unit 3 is ON,
normal continuous imaging or switching continuous imaging is set on the basis of whether
the switch 18 is OFF or ON. Here, the term “normal continuous imaging” means, in a
case in which the switch 18 is in the OFF state, continuously imaging by illuminating the
subject with light from one of the LED 11a that is covered by the polarization filter 13 and
the LED 12a that is not covered by a polarization filter. In contrast, the term “switching
continuous imaging” means, in a case in which the switch 18 is the ON state, continuously
imaging by automatically switching the light source that is on between the LED 11a that is
covered by the polarization filter 13 and the LED 12a that is not covered by a polarization
filter.

[0027] If the switch 18 is in the OFF state, that is, normal continuous imaging is set
to YES at the time of release (step S104; Y), the green lighting state of the power lamp 17
is maintained, the dermoscopy camera 10 continuously captures two images of the subject
while illuminating the subject with light from the LED 11a and image-processes and stores
the continuously captured images (step S105). Note that, a setting to capture one image
may be added in cases in which normal continuous imaging is set to YES. Additionally,
when the switch 18 is in the OFF state, continuous imaging may be performed in a light
source switching order that differs from the light source switching order when the switch
18 is in the ON state.

[0028] Meanwhile, if the switch 18 is in the ON state, that is, normal continuous
imaging is set to NO at the time of release (step S104; N), the dermoscopy camera 10
captures a first image while illuminating the subject with light from the LED 11a (step
S106). Thereafter, the power lamp 17 changes from the green lighting state to a red

lighting state or the off state (step S107). Then, the photosensor 15 (light receiving
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element) detects the changed state of the power lamp 17 (step S302 of the light unit 3
llustrated on the right side of FIG. 5).

[0029] When the photosensor 15 detects the changed state of the power lamp 17,
the light unit 3 immediately turns the LED 11a off and turns the LED 12a on (step S303),
and matches the timing of tuming the LED 12a on to the timing of the second continuous
imaging. Then, the dermoscopy camera 10 performs, as continuous imaging, the
capturing of the second image while illuminating the subject with light from the LED 12a
(step S108). After the second imaging, the power lamp 17 retumns to the green lighting
state from the red lighting state or the off state (step S109). The photosensor 15 detects
the changed state of the power lamp 17 (step S304).

[0030] The first image captured while the subject is illuminated with the light from
the LED 11a and the second image captured while the subject is illuminated with the light
from the LED 12a are image processed and stored as two continuous images (step S110).
When the photosensor 15 detects the changed state of the power lamp 17 (step S304), the
light unit 3 turns off the LED 12a and turns on the LED 11a, thereby returning to the state
of step S301 (step S305).

[0031] Thus, the dermoscopy camera 10 according to Embodiment 1 can, by a
single shutter operation, perform imaging while the illuminating the subject with the light
from the LED 11a that is covered by the polarization filter 13 and imaging while
illuminating the subject with the light from the LED 12a that is not covered by a
polarization filter. That is, an image with polarized light effects and an image without
polarized light effects can be continuously captured by a single shutter operation.

[0032] Note that FIG. 5 illustrates an example of continuous imaging by starting the
operations from a state in which the LED 11a that is covered by the polarization filter 13 is
tumed on, and switching the light source that is turned on to the LED 12a that is not
covered by a polarization filter as a result of the change in the lighting state of the power

lamp 17. However, the dermoscopy camera 10 may operate so as to perform continuous
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imaging by starting the operations from a state in which the LED 12a that is not covered by
a polarization filter is turned on, and switching the light source that is turned on to the LED
11a that is covered by the polarization filter 13 as a result of the change in the lighting state
of the power lamp 17. Furthermore, a configuration is possible in which it is possible to
select operations that start from the state in which the LED 11a is turned on and operations
that start from the state in which the LED 12a is turned on.
[0033] Embodiment 2

Next, a dermoscopy camera 20 according to Embodiment 2 is described. In
Embodiment 2, the types of LEDs as light sources are increased.  Specifically, an LED
211a (first light source) and an LED 212a (second light source) that emit visible light, and
an LED 215a that emits near-infrared light are provided. The LED 215a that emits
near-infrared light may be replaced with an LED that emits ultraviolet light.  As with the
dermoscopy camera 10 of Embodiment 1, with the dermoscopy camera 20, the light source
that is turned on can be switched at a high-speed. With the dermoscopy camera 20,
imaging in which three types of light sources are switched to can be performed by a single
shutter operation. 'The following description focuses on differences with Embodiment 1.
[0034] FIG. 6 is a front view of the dermoscopy camera 20 (the imaging device)
according to Embodiment 2.  FIG. 7 is a disassembled perspective view of the
dermoscopy camera 20.  FIG. 8 is a perspective cross-sectional view of a light unit 23.
FIG. 9 is a perspective cross-sectional view of a camera body 21.  FIG. 12 is a front view
of the light unit 23.  FIG. 13 is cross-sectional view of the light unit 23 depicted in FIG.
12, taken along line X-X. FIG. 14 is a cross-sectional view of the light unit 23 depicted in
FIG. 12, taken along line Y-Y.
[0035] As illustrated in FIG. 6, the dermoscopy camera 20 (imaging device)
integrally includes a camera body 21, a light unit 23 provided on the front of the camera
body 21, and a controller 22 provided on the back of the camera body 21.  As illustrated

in FIG. 7, the camera body 21 includes a lens unit 21A and a frame 21B.  The light unit
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23 includes a first cover 23A and a second cover 23B. The controller 22 includes a body
22A, a circuitl board 22B, and a display 22C.

[0036] The light unit 23 is specifically configured as illustrated in the perspective
cross-sectional view of FIG. 8. A first feature of the light unit 23 that differs from the
light unit 3 of Embodiment 1 is that a normal imaging LED 216 is provided. The normal
imaging LED 216 is used as a light source in normal imaging in which a skin disease site is
imaged from a distance without contacting the disease skin site. The normal imaging
LED 216 is arranged in an annular manner facing the front, around a base end (back side)
of the second cover 23B. FIG. 6 and FIG. 12 (described later) illustrate examples in
which a total of six of the normal imaging LEDs 216 are arranged, three on the left and
three on the right.  Note that while not depicted in entirety, FIG. 8 illustrates an example
in which a total of eight of the normal imaging LEDs 216 are arranged.

[0037] The normal imaging LED 216 is arranged at equal intervals, concentric with
the center of the second cover 23B, and functions as a ring flash that emits light forward
from an outer peripheral position of the imaging lens system 21d.  The normal imaging
LED 216 is formed from an LED that emits white light. A cover member 26 is fitted into
an opening at the tip of the second cover 23B. At the time of dermoscopy imaging, the
cover member 26 contacts the skin disease site that is the subject.

[0038] A second feature of the light unit 23 that differs from the light unit 3 of
Embodiment 1 is that a light emitter 27 includes, as dermoscopy imaging light sources, the
LED 211a and the LED 212a that emit visible light, and the LED 215a that emits
near-infrared light.  As in Embodiment 1, the LED 211a, the LED 212a, and the LED
215a are respectively implemented on the top and bottom as pairs.  Additionally, the pair
of LEDs 211a covered by a polarization filter 213 and the pair of LEDs 212a not covered
by a polarization filter are arranged in a staggered manner as in Embodiment 1.

[0039] The camera body 21 is attached to the first cover 23A by the frame 21B that

surrounds and supports the lens unit 21A.  FIG. 9 illustrates a cross-section of the lens
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unit 21A that is removed from the camera body 21.  The circuit wiring board 21b and an
imaging clement 21¢ are stored on the back of the imaging lens system 21d, that is, on the
back surface of the housing 21a, and an infrared cut filter (IRCF) 21e, a near-infrared
transmission filter 21f, and a polarization filter 21g are sequentially arranged, from the
front, in front of the imaging lens system 21d.  The near-infrared transmission filter 21f is
replaced with an ultraviolet transmission filter in cases in which the LED 215a that emits
near-infrared light is replaced with an LED that emits ultraviolet light. Note that, a
flexible circuit board 21h for operating the lens unit 21A by the controller 22 extends on
the left side of FIG. 9.

[0040] A desired image can be obtained by combining the polarization filter 21g
and a near-infrared transmission filter 21f that matches the polarizing power of the
polarization filter 21g.  Additionally, by forming the polarization filter 21g from a
polarization filter for near-infrared light (near-infrared polarization filter) and combining
the polarization filter for near-infrared light 21g with a near-infrared bandpass filter,
anti-reflection effects in the near-infrared region can be obtained, near-infrared light can
pass through the epidermis of the skin, and the dermis and blood vessels can be
appropriately imaged.

[0041] Next, dermoscopy imaging using near-infrared light is described while
referencing FIG. 10 and FIG. 11.  FIG. 10 is a drawing schematically explaining the
relationship between the light unit 23 and the camera body 21 (the lens unit 21A). FIG.
11 is a graph explaining the transmittance of a polarization filter for near-infrared light 214,
the polarization filter 21g, and the near-infrared transmission filter 21f.

[0042] As described above, near-infrared light is suited for imaging the deepest
layer (the dermis) of the skin.  Performing dermoscopy imaging using near-infrared light
makes it possible to more accurately diagnose lesion of skin disease sites.  Therefore, in
the present embodiment, as illustrated in FIG. 10, a pair of LEDs 215a that emit

near-infrared light is provided on the second cover 23B of the light unit 23. The LEDs
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215a are covered by the polarization filter for near-infrared light 214.  The polarization
filter for near-infrared light 21g and the polarization filter 21f are provided on the lens unit
21A of the camera body 21, on the back of the imaging lens system 21d.  Note that, in
FIG. 10, the polarization filter 21g and the near-infrared transmission filter 21f are
5 provided in this order from the front, but the near-infrared transmission filter 21f and the

polarization filter 21g may be provided in this order from the front.
[0043] The near-infrared light emitted from the LED 215a is irradiated on the skin
disease site through the polarization filter for near-infrared light 214.  The near-infrared
light that reflects at the skin disease site enters the imaging lens system 21d of the lens unit

10 21A. The near-infrared light that enters the imaging lens system 21d passes through the
polarizing filter for near-infrared light 21g and the near-infrared light transmission filter 21f,
and reaches the imaging clement 21c. Here, in cases in which the polarization filter 214
and the polarization filter 21g are linear polarization filters, the polarization filter 214 and
the polarization filter 21g are arranged such that the polarization axes thereof are

15 orthogonal to each other.
[0044] In this case, if an infrared long pass filter that broadly transmits near-infrared
light of a certain wavelength or greater is used as the near-infrared transmission filter 211,
the following defects will occur.  Specifically, the transmittance of the polarization filter
214, the near-infrared long pass filter, and the near-infrared bandpass filter are as illustrated

20 inFIG.11. The polarization filter 21g and the polarization filter 214 for near-infrared
light (film type) lose polarization power in the long wavelength region (in the drawing,
about 850 nm and greater) regardless of being in a state alone or orthogonal to each other.
Meanwhile, the imaging element 21c¢ (for example, a CMOS image sensor) has sensitivity
up to about 1000 nm. Thus, if a near-infrared long pass filter that transmits light of about

25 750 nm and greater, such as that illustrated in FIG. 11, is used as the near-infrared
transmission filter 21f, unpolarized light will pass through the near-infrared transmission

filter 21f, and unnecessary light (that is, light of unnecessary wavelengths) will enter the
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imaging element 21c.

[0045] Therelore, in the present embodiment, a near-infrared bandpass filter that
transmits near-infrared light in the wavelength regions of the polarization filters 214 and
21g (about 700 nm to 800 nm in FIG. 11) is used as the near-infrared transmission filter
21f.  Asaresult, unpolarized light in unnecessary wavelength regions can be removed
and images, of wavelength regions where blood vessels of skin disease sites can be seen
well, can be reliably captured.

[0046] Next, reasons are described about why it is preferable to perform
dermoscopy imaging in which the subject is illuminated with near-infrared light and
dermoscopy imaging in which the subject is illuminated with ultraviolet light in addition to
dermoscopy imaging in which the subject is illuminated with visible light when diagnosing
a skin disease site. ~ Since, for example, light of shorter wavelengths cannot reach the deep
layers of the skin, dermoscopy imaging in which the subject is illuminated with
near-infrared light is suited for imaging of the deepest layer (dermis) of the skin.
Mecanwhile, with hemangionas, in some cases, the hemoglobin is a pigment that causes
changes in the color of the skin disease site and, as such, dermoscopy imaging in which the
subject is illuminated with visible light is preferable for the imaging of hemangionas as it is
possible to image the color change caused by the oxyhemoglobin.  With pigment lesions,
in some cases the melanin is a pigment that causes changes in the color of the skin disease
site and the absorbance of dopamelanin decreases with light of longer wavelengths.  As
such, dermoscopy imaging in which the subject is illuminated with ultraviolet light is
preferable for the imaging of pigment lesions.  Therefore, when diagnosing skin disease
sites, it is preferable to perform dermoscopy imaging in which near-infrared light is emitted,
dermoscopy imaging in which visible light is emitted, and dermoscopy imaging in which
ultraviolet light is emitted.

[0047] As illustrated in FIG. 12, the light umit 23 includes the LED 215a, the LED

211a, the LED 212a, and the LED 216 as light sources. The light unit 23 can turn on the
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light sources in four lighting patterns by control means such as those described in
Embodiment 1. In one example, a [irst pattern is a pattern in which the pair of LEDs
215a that emit near-infrared light (or ultraviolet light) is tuned on. A second pattern is a
pattern in which the pair of LEDs 211a that is covered by the polarization filter 213 and
that emits visible light is turned on. A third pattem is a pattern in which the pair of LEDs
212a that is not covered by a polarization filter and that emits visible light is turned on.
The first pattern to the third pattern are used in dermoscopy imaging. A fourth pattern
includes is a pattern in which the normal imaging LED 216 is turned on.

[0048] Accordingly, the dermoscopy camera 20 can turn on the light sources (LEDs
215a, 211a, 212a) in the first pattern, the second pattern, and the third pattern by a single
shutter operation, and can automatically continuously capture images corresponding to the
light with which the subject is illuminated. Furthermore, the dermoscopy camera 20 can
automatically perform continuous imaging for cases in which the light source is turned on
in the fourth pattern.

[0049] FIG. 13 illustrates a cross-section (vertical cross-section) of the light unit 23
depicted in FIG. 12, taken along line X-X. In FIG. 13, 6x represents a vertical angle of
view in dermoscopy imaging in which the light source is turned on in the first pattern, the
second pattern, or the third pattern. In the vertical cross-section, the LED 215a, the LED
211a, and the LED 212a emit light in a tapered shape toward the optical axis of the
imaging lens system 21d.  Accordingly, in the vertical cross-section, the angle at which
the reflected light from the skin discase site, which is in contact with the cover member 26,
can enter the imaging lens system 21d is small with respect to the optical axis of the
imaging lens system 21d, and the vertical angle of view 0x is relatively narrower.  In one
example, the vertical angle of view 0x of the light unit 23 illustrated in FIG. 13 is 35.2°.
[0050] In FIG. 13, a cable 28 and a terminal 28a for inputting a control signal mto
the LED 215a are provided on the first cover 23A.  Additionally, a cable 29 and a

terminal 29a for inputting a control signal into the LED 216 illustrated in FIG. 14 are
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provided near the outer periphery of the first cover 23A. Note that, cables and terminals
for inputting control signals to the LED 211a and the LED 212a are also provided on the
first cover 23A.
[0051] FIG. 14 illustrates a cross-section (horizontal cross-section) of the light unit
23 depicted in FIG. 12, taken along line Y-Y. In FIG. 14, Oy represents a horizontal angle
of view in dermoscopy imaging in which the light source is turned on in the first pattern,
the second pattern, or the third pattem. In the horizontal cross-section, the LED 215a, the
LED 211a, and the LED 212a emit light in parallel to the optical axis of the imaging lens
system 21d.  Accordingly, in the horizontal cross-section, the angle at which the reflected
light from the skin disease site, which is in contact with the cover member 26, can enter the
imaging lens system 21d is large with respect to the optical axis of the imaging lens system
21d, and the horizontal angle of view Oy is relatively wide. In one example, the
horizontal angle of view Oy of the light unit 23 illustrated in FIG. 14 is 47°.
[0052] Embodiment 3

Next, a dermoscopy camera 30 (imaging device) according to Embodiment 3 is
described. The dermoscopy cameras 10 and 20 according to Embodiment 1 and
Embodiment 2 continuously capture, by a single shutter operation, an image illuminated
with polarized light and an image illuminated with unpolarized light by switching the light
source between a lighting pattern using the LEDs 11a and 211a and a lighting pattemn using
the LEDs 12a and 212a. However, the dermoscopy camera 30 according to the present
embodiment continuously captures an image illuminated with polarized light and an image
illuminated with unpolarized light by a combination of switching the lighting patterns of
the light sources and moving a polarization filter 31g.
[0053] In Embodiment 3, a filter unit 31 that includes a plurality of filters 31A is
provided inside the lens unit 21A.  The filter unit 31 positions each of the plurality of
filters 31A independently on the optical axis of the imaging lens system 21d (camera body

21) or retracts each of the plurality of filters 31A from the optical axis of the imaging lens
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system 21d. Hereinafter, the configuration and the operations of the filter unit 31 are
described while referencing FIGS. 15 t0 20. Note that the confligurations other than those
of the filter unit 31 are the same as in Embodiment 2 and, as such, in the following
description, reference is made to FIGS. 6 to 14 as necessary.

[0054] As illustrated in FIG. 8, the light unit 23 includes the LED 211a (first light
source) and the LED 212a (second light source) that emit visible light for dermoscopy
imaging. Furthermore, the light unit 23 includes the LED 215a that emits near-infrared
light. The LED 215a that emits near-infrared light may be replaced with an LED that
emits ultraviolet light. The LED 215a is covered by the polarization filter 214, and the
light from the LED 215a is emitted on the subject as polarized light. The LED 211ais
covered by the polarization filter 213, and light from the LED 211a is emitted on the
subject as polarized light. The LED 212a is not covered by a polarization filter, and light
from the LED 212a is emitted on the subject as unpolarized light. Additionally, the
normal imaging (clinical imaging) LED 216 is arranged at an equal interval, concentric
with the center of the second cover 23B.  The LED 216 functions as a ring flash that emits
light forward from an outer peripheral position of the imaging lens system 21d.

[0055] As illustrated in FIG. 15, the filter unit 31 includes the plurality of filters
31A, and a filter attachment plate 31B to which the plurality of filters 31A are attached.
The filter attachment plate 31B is provided on the back surface (that is, on the imaging
element 21c¢ side) of the imaging lens system 21d of the lens unit 21A. The filter
attachment plate 31B is fixed to the lens unit 21A via a fixer 31C. The filter unit 31 is
provided at a position similar to that of the infrared cut filter 21¢, the near-infrared
transmission filter 211, and the polarization filter 21g of Embodiment 2 but, as described
hereinafter, the configuration of the filter unit 31 differs from the infrared cut filter 21e, the
near-infrared transmission filter 21f, and the like. Note that the filter unit 31 may be
provided on the subject side of the imaging lens system 21d.  In the present embodiment,

the filter unit 31 is provided behind the imaging lens system 21d, that is, immediately

Date Regue/Date Received 2020-06-25



10

15

20

25

CA 03086993 2020-06-25

21

before the imaging element 21c in order to ensure the implementation efficiency
(implementation space, arrangement of operation mechanism, and the like) of the filter unit
31

[0056] As illustrated in FIG. 15, the filter unit 31 includes three filters as the
plurality of filters 31A, namely an infrared cut filter 31e, a near-infrared transmission filter
31f, and a polarization filter 31g. In this case, the filter unit 31 includes three filters as the
plurality of filters 31A, but the number of filters is not limited to three. ~As necessary, the
filter unit 31 may, for example, include five or six filters as the plurality of filters 31A.
Additionally, the filter unit 31 may include a far-infrared transmission filter, an ultraviolet
transmission filter, or the like instead of the near-infrared transmission filter 31f.
Moreover, the filter unit 31 may include only the single polarization filter 31g.

[0057] Each of the plurality of filters 31A includes filter 31Af that covers the center
of the filter attachment plate 31B (that is, the optical axis of the imaging lens system 21d),
and a shaft 31As for attaching the filter 31 Af to an outer periphery 31Bo of the filter
attachment plate 31B. The base end of the shaft 31As is pivotably supported on the outer
periphery 31Bo of the filter attachment plate 31B by a pin 31Bp.  Due to this
configuration, each of the plurality of filters 31A is capable of rotating around the pin 31Bp.
Moreover, each of the plurality of filters 31A can, by rotating, be independently positioned
on the optical axis of the imaging lens system 21d or be retracted from the optical axis of
the imaging lens system 21d.

[0058] As described later, each of the plurality of filters 31A is rotatcs
independently on the basis of a continuous imaging setting. Known technology for
rotating a filter in conjunction with the operation of the shutter can be used for the
mechanism that rotates each of the plurality of filters 31A. Note that the operation of the
plurality of filters 31A may be a slide operation (sliding door operation), an open-close
operation (hinged door operation), or the like. However, from the perspectives of

reducing the space of the dermoscopy camera 30, structural simplicity, and the like, it is
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preferable that the movement of the plurality of filters 31A be rotation operation.

[0059] An example is described in which the plurality of filters 31A are operated in
response to the tuming on of the LEDs 211a, 212a, and 215a of the light unit 23. A first
operation mode is an operation of the plurality of filters 31A in imaging in which the
subject is illuminated with unpolarized light when performing dermoscopy imaging. In
this case, the LED 212a that emits unpolarized visible light is turned on.  As illustrated in
FIG. 16, in response to the turing on of the LED 212a, the infrared cut filter 31e is rotated
in the direction of arrow E, thereby positioning the infrared cut filter 31¢ on the optical axis
of the imaging lens system 21d.

[0060] A second operation mode is an operation of the plurality of filters 31A in
imaging in which the subject is illuminated with polarized light when performing
dermoscopy imaging. In this case, instead of the LED 212a, the LED 211a that is
covered by the polarization filter 213 and that emits visible light is tumed on.  As
illustrated in FIG. 17, in response to the turning on of the LED 21 1a, the infrared cut filter
31e is rotated in the direction of arrow E and the polarization filter 31g is rotated in the
direction of arrow G, thereby positioning the infrared cut filter 31 and the polarization
filter 31g on the optical axis of the imaging lens system 21d.

[0061] A third operation mode is an operation of the plurality of filters 31 A when
performing normal imaging. In this case, the normal imaging LED 216 is turned on. In
response to the tuming on of the LED 216, the infrared cut filter 31¢ is rotated, thereby
positioning the infrared cut filter 31¢ on the optical axis of the imaging lens system 21d.
[0062] A fourth operation mode is an operation of the plurality of filters 31A in
imaging in which the subject is illuminated with near-infrared polarized light to perform
dermoscopy imaging. In this case, the LED 215a that is covered by the polarization filter
214 and that emits near-infrared light is tumed on.  As illustrated in FIG. 18, in response
to the turning on of the LED 215a, the polarization filter 31g is rotated in the direction of

arrow G, and the near-infrared transmission filter 31f is rotated in the direction of arrow F,
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thereby positioning the polarization filter 31g and the near-infrared transmission filter 31
on the optical axis of the imaging lens system 21d.
[0063] In the first operation mode to the third operation mode in which the LEDs
212a, 211a, and 216 that emit visible light are turned on, the infrared cut filter 31e is
positioned on the optical axis of the imaging lens system 21d.  As a result, it is possible to
suppress the red coloring (infrared portions) that occurs in digital images. Note that,
when, as in the fourth operation mode, turning on the LED 215a that emits near-infrared
light to illuminate the subject with near-infrared light, it is possible to also rotate the
infrared cut filter 31e in order to retract the infrared cut filter 31¢ from the optical axis of
the imaging lens system 21d. In the case of imaging in which the subject is illuminated
with light other than visible light, it is preferable that, as in the fourth operation mode, the
infrared cut filter 31e is retracted from the optical axis of the imaging lens system 21d.
[0064] Operations of dermoscopy camera 30

Next, the operation flow of the dermoscopy camera 30 is described while
referencing FIGS. 19 and 20.  FIG. 19 illustrates the operation flow of the filter unit 31 in
a case in which the filter unit 31 is switched alone.  FIG. 20 illustrates the relationship
between the operations of the filter unit 31 and the operations of the light unit 23 for a case
in which the filter unit 31 is switched in conjunction with the light unit 23. Note that, the
elements that are the same as in Embodiment 1 and Embodiment 2 are marked with the
same reference numerals given in cach embodiment.
[0065] As illustrated in FIG. 19, first, the user sets the power button of the
dermoscopy camera 30 , which is provided on the controller 2, to the ON state (step S301).
Next, the user operates the controller 2 to perform continuous imaging (step S302). Then,
the user presses the shutter button 2a, and the dermoscopy camera 30 is release operated
(step S303).
[0066] If the switch 18 is in the OFF state, that is, normal continuous imaging is set

to YES at the time of release (step S304; Y), the filter unit 31 does not switch the plurality
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of filters 31A, and the dermoscopy camera 30 continuously captures images of the subject
and image-processes and stores the continuously captured images (step S305).

[0067] If the switch 18 is in the ON state, that is, normal continuous imaging is set
to NO at the time of release (step S304; N), the filter unit 31 positions the infrared cut filter
31e on the optical axis of the imaging lens system 21d, and the dermoscopy camera 30
performs a first imaging (step S306). Next, the filter unit 31 stacks the polarization filter
31g on the infrared cut filter 31¢, thereby positioning the polarization filter 31g and the
infrared cut filter 31¢ on the optical axis of the imaging lens system 21d, and the
dermoscopy camera 30 performs a second imaging (step S307).

[0068] Next, the filter unit 31 retracts the polarization filter 31g from the optical
axis of the imaging lens system 21d, and the dermoscopy camera 30 performs a third
imaging while the infrared cut filter 31¢ is positioned on the optical axis of the imaging
lens system 21d (step S308).  Then, the filter unit 31 retracts the infrared cut filter 31e
from the optical axis of the imaging lens system 21d, stacks the near-infrared transmission
filter 31f on the polarization filter 31g, thereby positioning the near-infrared transmission
filter 31f and the polarization filter 31g on the optical axis of the imaging lens system 21d,
and the dermoscopy camera 30 performs a fourth imaging (step S309).  Finally, the
images captured by the series of continuous imaging are image processed and stored (step
$310).

[0069] Note that the addition of step S308 and step S309 to the continuous imaging
by a single shutter operation is optional. The user (doctor), for example, can set whethcr
to add step S308 and step S309 to the continuous imaging as desired.

[0070] FIG. 20 illustrates the relationship between the operations of the filter unit 31
and the operations of the light unit 23.  The light unit 23 turns on the LED 212a that is not
covered by a polarization film in response to step S306 of the operations of the filter unit
31 (step S306L). The light unit 23 turns on the LED 211a that is covered by the

polarization filter 213 in response to step S307 of the operations of the filter unit 31 (step
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S307L). The light unit 23 turns on the normal imaging LED 216 in response to step S308
of the operations of the filter unit 31 (step S308L). The light unit 23 turns on the LED
215a that emits near-infrared light in response to step S309 of the operations of the filter
umit 31 (step S309L).
[0071] Modified example of Embodiment 3

Next, a dermoscopy camera 40 (imaging device) according to a modified example
of Embodiment 3 is described while referencing FIGS. 21 and 22.  As described above,
the dermoscopy camera 40 differs mainly from the dermoscopy camera 30 according to
Embodiment 3 in that an LED 217a that emits ultraviolet light is used instead of the LED
215a that emits near-infrared light, and an ultraviolet transmission filter 31h is used instead
of the near-infrared transmission filter 31f. The other configurations of the dermoscopy
camera 40 are the same as the dermoscopy camera 30.  The following description focuses
on the differences with Embodiment 3.
[0072] The LED 217a that emits ultraviolet light is arranged in place of the LED
215a, at the position where the LED 215a is arranged in FIGS. 10, 12, and 13.  The LED
217a differs from the LED 215a in that the LED 217a is not covered by a polarization filter
such as the polarization filter 214.
[0073] As illustrated in FIG. 21, the ultraviolet transmission filter 31h of the filter
unit 31" includes a filter 31Af and a shaft 31As in the same manner as the near-infrared
transmission filter 31f of Embodiment 3. The ultraviolet transmission filter 31h is
pivotably supported by the filter attachment plate 31B so as to be rotatable with respect to
the filter attachment plate 31B.  Specifically, a plurality of filters 31 A’ including the
infrared cut filter 31e, the polarization filter 31g, and the ultraviolet transmission filter 31h
can be positioned independently of each other on the optical axis of the imaging lens
system 21d or retracted independently of each other from the optical axis of the imaging
lens system 21d.

[0074] FIG. 22 illustrates the operation flow of a case in which, in the dermoscopy
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camera 40, a filter unit 31’ is switched in conjunction with a light unit that includes the
ultraviolet light LED 217a and the like. In FIG. 22, the processing contents that are the
same as in the operation flow of FIG. 20 described in Embodiment 3 are marked with the
same step numbers. The operation flow in this modified example differs from FIG. 20
only in that step S401 is executed instead of step S309 and step S401L is executed instead
of step S309L.  As such, only the processing content of steps S401 and S401L will be
described.
[0075] In step S401 that follows step S308, the filter unit 31’ retracts the infrared cut
filter 31¢ from the optical axis of the imaging lens system 21d and, thereafter, positions
only the near ultraviolet transmission filter 31h of the plurality of filters 31 A’ on the optical
axis of the imaging lens system 21d, and the dermoscopy camera 40 performs the fourth
imaging. In step S401L that follows step S308L, in response to step S401, the light unit
23 turns on the LED 217a that emits ultraviolet light for the fourth imaging. Thus, the
filter unit 31" and the light unit 23 of the dermoscopy camera 40 of the modified example
of Embodiment 3 can demonstrate the same advantageous effects as the dermoscopy
camera 30, the filter unit 31, and the light unit 23 of Embodiment 3.
[0076] Advantageous Effects of the Embodiments

As described above, the dermoscopy cameras 10 and 20 according to Embodiments
1 and 2 can, with simple configurations and operations, capture images with unpolarized
light illumination that enable the observation of the skin surface, and images with polarized
light illumination that enable the observation of the interior of the skin.
[0077] The dermoscopy cameras 10 and 20 can, by a single shutter operation,
switch between the light sources of the light unit 3, that is, switch between the LED 11a for
illuminating the subject with polarized light and the LED 12a for illuminating the subject
with unpolarized light, and perform continuous imaging. Therefore, in the dermoscopy
cameras 10 and 20, the need to replace the light sources of the light unit 3 is eliminated.

[0078] The dermoscopy cameras 10 and 20 can include, as light sources for
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dermoscopy imaging, many types of light sources including LEDs that emit visible light,
LEDs that emit ultraviolet light, LEDs that emit near-infrared light, and the like.

Therefore, with the dermoscopy cameras 10 and 20, it is possible to switch between the
light sources of the light unit 3 at a high-speed when performing continuous imaging and,
as a result, imaging in which multiple types of light sources are used can be carried out by
a single shutter operation.

[0079] In conventional dermoscopy cameras, two images are captured in two
operations. Consequently, differences caused by exposure, white balance, and external
light, and deviations in the angle of view occur. The dermoscopy cameras 10 and 20
perform continuous imaging, in which the light source of the light unit 3 is switched at
high-speed, by a single shutter operation.  As such, it is possible to capture a plurality of
images, which are not affected by differences caused by exposure, white balance, external
light, and the like, at the same angle of view and the same magnification while varying the
light that illuminates the subject (for example, polarized light and unpolarized light). Asa
result, a plurality of images that can be easily compared can be obtained. Moreover, the
time needed for diagnosing can be shortened.

[0080] In the dermoscopy cameras 30 and 40, the switching of the lighting pattern
that uses the LED 212a that is not covered by a polarization film and the LED 211a that is
covered by the polarization filter 213 is combined with the position of the polarization filter
31g (whether the polarization filter 31g is positioned on the optical axis of the imaging lens
system 21d). As aresult, it is possible to switch between imaging in which the subject is
illuminated with polarized light and imaging in which the subject is illuminated with
unpolarized light.

[0081] In the dermoscopy cameras 30 and 40, each of the plurality of filters 31A,
including the polarization filter 31g, can, by a rotation operation, be positioned
independently of each other on the optical axis of the imaging lens system 21d or be

retracted independently of each other from the optical axis of the imaging lens system 21d.
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Therefore, in dermoscopy imaging, normal imaging (clinical imaging), and other imaging,
the dermoscopy cameras 30 and 40 can select and optionally combine the required filters.
Moreover, with the dermoscopy cameras 30 and 40, each of the plurality of filters 31A are
moved by rotating and, as such, the operating time and the operating distance between each
of the plurality of filters 31A and the optical axis of the imaging lens system 21d can be
made uniform. Furthermore, with the dermoscopy cameras 30 and 40, the filter units 31
and 31’ are provided behind the imaging lens system 21d.  As such, implementation
efficiency can be improved without increasing the size (in particular, the thickness in the
depth direction) of the lens unit 21A.  Note that the dermoscopy cameras 30 and 40
demonstrate the same advantageous effects as the advantageous effects described for the
dermoscopy cameras 10 and 20.
[0082] Modifications of the embodiments

The present disclosure is not limited to the embodiments described above and
various modifications and uses are possible. It is sufficient that the light units 3 and 23
are arranged so as to cover the front of the imaging lens systems 1d and 21d when imaging.
In one example, the light units 3 and 23 may be rotatably attached to the camera bodies 1
and 21. The light units 3 and 23 may be slideably attached to the camera bodies 1 and 21.
The imaging lens systems 1d and 21d may be a fixed focus lens in consideration of the use
of the dermoscopy cameras 10, 20, 30, and 40.
[0083] When controlling the lighting pattern of the light sources of the light units 3
and 23 on the basis of the lighting state of the power lamp 17, the light units 3 and 23 may
execute more lighting patterns by increasing the emitted colors of the power lamp 17,
increasing or decreasing the amount of emitted light of the power lamp 17, increasing the
lighting variations (blinking and the like), and the like. ~ As a result, the light units 3 and
23 can control light source lighting patterns of greater complexity.
[0084] In the embodiments described above, the power lamp 17 is used to control

the lighting pattern, but an existing component provided in the camera bodies 1 and 21
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may be used to control the lighting pattern.  In one example, a strobe, a display monitor,
or the like provided in the camera bodies 1 and 21 may be used in the control, and the light
units 3 and 23 may detect changes in the strobe, the display monitor, and the like.
Additionally, the camera bodies 1 and 21 may be electrically connected to the light units 3
and 23 to control the lighting pattern.

[0085] The light sources of the light units 3 and 23 are not limited to LEDs, and
other light sources may be implemented. The light sources of the light units 3 and 23
may be high-brightness lamps (for example, halogen lamps), semiconductor light-emitting
devices, organic electroluminescence, or the like.

[0086] The LED 216 is not limited to an LED that emits white light, and may be
implemented as a light source that emits blue light, a light source that emits green light, or
the like. The light units 3 and 23 may include a plurality of light sources that emit light of
different wavelength regions (for example, blue light and green light) at visible light
wavelengths. By illuminating the subject with light of different wavelength regions at
visible light wavelengths and imaging, different images at visible light wavelengths can be
obtained. Additionally, by comparing or stacking different images at visible light
wavelengths, the examination and diagnosis of the skin disease site can be facilitated.
[0087] In the embodiments described above, the dermoscopy cameras 10, 20, 30,
and 40 performed continuous imaging by a single shutter operation, but the dermoscopy
cameras 10, 20, 30, and 40 may perform continuous imaging by two high-speed shutter
operations, a double tap, or the like.

[0088] The imaging device according to the present disclosure is not limited to the
imaging device for dermoscopy imaging such as the dermoscopy cameras 10, 20, 30, and
40 of the embodiments described above. In general, the present disclosure can be applied
to an imaging device that images by being brought into contact with the subject, namely, a
close-up camera or the like.

[0089] The display of the dermoscopy camera 10 and the display 22C of the
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dermoscopy camera 20 may include a touch panel.  For example, the controller 22 may
be configured such that the display 22C that includes the touch panel can separate from the
controller 22. In this case, the display 22C and the controller 22 communicate
bidirectionally with each other using existing communication technology. The user can
perform the various settings, shutter operations, and the like by operating the display 22C.
[0090] The foregoing describes some example embodiments for explanatory
purposes.  Although the foregoing discussion has presented specific embodiments,
persons skilled in the art will recognize that changes may be made in form and detail
without departing from the broader spirit and scope of the invention. Accordingly, the
specification and drawings are to be regarded in an illustrative rather than a restrictive
sense. This detailed description, therefore, is not to be taken in a limiting sense, and the
scope of the invention is defined only by the included claims, along with the full range of
equivalents to which such claims are entitled.
[0091] This application claims the benefit of Japanese Patent Application No. 2017-
250772, filed on December 27, 2017, and Japanese Patent Application No. 2018-461635,
filed on March 14, 2018.

Industrial Applicability
[0092] The present invention is particularly useful for obtaining, by a simple
operation, a plurality of images in which a disease site can be easily observed.

Reference Signs List

1 Camera body
la  Housing
1b  Circuit wiring board
lc  Imaging element
1d  Imaging lens system

2 Controller
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2a  Shutter button
3 Light unit
3A  First cover
3B  Second cover
5 4 Attachment stay

5 Stay fixing screw
6 Cover member
7 Light emitter
8 Power button

10 9 Battery
10 Dermoscopy camera (imaging device)
11 LED board
11a LED (first light source)
12 LED board

15 12a LED (second light source)
13 Polarization filter
14 Polarization filter
15  Photosensor (light recciving clement)
152 Window

20 16  LED control board
17  Power lamp
18  Switch
20  Dermoscopy camera (imaging device)
21 Camera body

25 21A Lens unit
21B Frame

2la Housing
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21b  Circuit wiring board
21c Imaging element
21d Imaging lens system
21¢ Infrared cut filter
5 21f Near-infrared transmission filter

21g Polarization filter
21h  Flexible circuit board
22 Controller
22A  Body

10 22B Circuit board
22C Display
23 Light unit
23A  First cover
23B  Second cover

15 26  Cover member

27  Light emitter

28  Wire
28a Terminal
29  Wire

20 29a Terminal
30  Dermoscopy camera (imaging device)
31  Filter unit
31" Filter unit
31A Plurality of filters
25 31A’ Plurality of filters
31B Filter attachment plate

31C Fitter
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31le Infrared cut filter
31 Near-inlrared transmission [ilter
31g Polarization filter
31h Ultraviolet transmission filter
5 31Af Filter
31As Shaft
31Bo Outer periphery
31Bp Pin
40  Dermoscopy camera (imaging device)
10 211a LED (first light source)
212a LED (second light source)
213 Polarization filter
214  Polarization filter
215a LED
15 216 LED
217a LED
6x  Vertical angle of view

6y  Horizontal angle of view
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Claims

1. An imaging device that images a disease site as a subject, the imaging device

including:
a camera body;

a light unit that is provided in the camera body and that includes a first light
source and a second light source that have mutually different characteristics;

a filter unit that includes a filter and a moving mechanism that is capable of-
selectively causing the filter to move on, and to retract from, an optical axis of the

camera body; and

a controller that causes to perform continuous imaging, the continuous

imaging including:

(i) causing the camera body to perform imaging of the subject while
(a) causing the light unit to illuminate the subject with the first light source
and (b) causing, by the moving mechanism, the filter to be in a first state in
which the filter is positioned on the optical axis of the camera body or the

filter is retracted from the optical axis of the camera body; and

(i) after (i), causing the camera body to perform imaging of the
subject while (a) causing the light unit to illuminate the subject with the
second light source and (b) causing, by the moving mechanism, the filter to be
in a second state that differs from the first state.

2. The imaging device according to claim 1, wherein the first light source is
configured to emit polarized light, and the second light source is configured to emit

unpolarized light.

3. The imaging device according to claim 1 or 2, wherein the continuous

imaging is performed by a single shutter operation.
4. The imaging device according to any one of claims 1 to 3, wherein
the light unit further includes a switch, and

when the switch is in an ON state, the subject is sequentially illuminated with
the light from the first light source and the light from the second light source to perform

the continuous imaging.

34
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5. The imaging device according to claim 3, wherein the continuous imaging is
performed by imaging in a state in which the subject is illuminated with the light from
the first light source, turning off the first light source and, thereafter, turning on the
second light source and imaging in a state in which the subject is illuminated with the
light from the second light source.

6. The imaging device according to claim 3, wherein the continuous imaging is
performed by imaging in a state in which the subject is illuminated with the light from
the second light source, turning off the second light source and, thereafter, turning on
the first light source and imaging while the subject is illuminated with the light from the
first light source.

7. The imaging device according to any one of claims 1 to 6, wherein a pair of
the first light source and a pair of the second light source are respectively provided so as
to oppose each other with respect to the optical axis of the camera body.

8. The imaging device according to any one of claims 1 to 7, wherein the first
light source and the second light source emit mutually different lights, the lights each

being one of visible light ultraviolet light, and near-infrared light.

9. The imaging device according to any one of claims 1 to 8, wherein the
moving mechanism includes a mechanism that rotates to cause the filter to be in the first
state and the second state.

10. The imaging device according to any one of claims 1 to 9, wherein

the filter is a plurality of the filters that each are selectively movable on and
retractable from the optical axis of the camera body by the moving mechanism, and

the plurality of filters include an infrared cut filter and a polarization filter.
11. The imaging device according to any one of claims 1 to 9, wherein

the filter is a plurality of the filters that each are selectively movable on and
retractable from the optical axis of the camera body by the moving mechanism, and

the plurality of filters include a near-infrared transmission filter and a
polarization filter.

12. The imaging device according to any one of claims 1 to 9, wherein

the filter is a plurality of the filters that each are selectively movable on and

35
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retractable from the optical axis of the camera body by the moving mechanism, and

the plurality of filters include an ultraviolet transmission filter and a

polarization filter.
13. The imaging device according to any one of claims 1 to 12, wherein:

the first light source and the second light source are arranged at positions that
do not interfere with the optical axis of the camera body, and

the light from the first light source and the light from the second light source
are emitted in a direction of the subject in a tapering manner toward the optical axis of
the camera body.

14. An imaging method for an imaging device that images a disease site as a
subject, the imaging device including a camera body, a light unit that is provided in the
camera body and that includes a first light source and a second light source that have
mutually different characteristics, and a filter unit that includes a filter and a moving
mechanism that is capable of selectively causing the filter to move on, and to retract

from, an optical axis of the camera body, the method including:
in response to a single shutter operation

causing the camera body to perform imaging of the subject while (a)
causing the light unit to illuminate the subject with the first light source and
(b) causing, by the moving mechanism, the filter to be in a first state in which
the filter is positioned on the optical axis of the camera body or the filter is
retracted from the optical axis of the camera body; and

after causing the camera body to perform the imaging, causing the
camera body to perform imaging of the subject while (a) causing the light unit
to illuminate the subject-with the second light source and (b) causing, by the
moving mechanism, the filter to be in a second state that differs from the first
state.

15. The imaging method according to claim 14, wherein the first light source is
configured to emit polarized light, and the second light source is configured to emit
unpolarized light.

16. The imaging method according to claim 15, wherein the first step includes
acquiring an image in which a skin inner portion of the disease site is captured, and the

36
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second step includes acquiring an image in which an epidermis of the disease site is
captured.
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