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DESCRIPTION
Title of Invention

ILLUMINATION DEVICE AND IMAGING DEVICE

Technical Field
[0001] The present disclosure relates to an illatidm device and an imaging
device including the illumination device.

Background Art
[0002] A known imaging device including an illumtiean device is described in,
for example, Patent Literature 1. The imaging ckeincludes an objective glass to be
in contact with human skin through a gel, multigét sources that emit light, and an
imager for imaging. The skin in contact with thgeative glass is illuminated by the
multiple light sources inside the imaging devicd emaged by the imager.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent NG99
Summary of Invention
Technical Problem

[0004] A typical imaging device for imaging skirclndes the objective glass to be
in contact with the skin surface through a gepi@venting light reflection from the skin
surface. However, light from the light sourcesniinating the skin may be reflected by
the objective glass depending on the positionsefight sources, possibly disabling
proper imaging of the skin.  Such reflection mapaiccur in imaging targets other than
skin.
[0005] In response to the above issue, an objedctitiee present disclosure is to
provide an illumination device that allows propeaging of a target by reducing the

likelihood of imaging being affected by reflecteght of light sources and an imaging
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device including the illumination device.
Solution to Problem
[0006] To achieve the above objective, an illumoratievice according to an
aspect of the present disclosure is an illuminad®nce for an imager for imaging a
target. The illumination device includes an ol@ctover including a light
transmissive member to direct light from the tatgehe imager to allow the imager to
image the target, and at least one light sour@ddmearer the imager than the objective
cover to illuminate the target through the objecttover. The imager includes an
image sensor configured to image the target ammhaging lens configured to form an
image of the target on the image sensor. Thasit ¢ae light source is located outward
from an inverted region formed by substantiallyeirtvg, toward the imager and with
respect to the objective cover, a region definedrbgetermined rays of rays nearer the
target from the objective cover in a pencil of raggering, through the imaging lens, the
image sensor from the target in contact with theadlve cover and in focus with the
imaging lens.
Advantageous Effects of Invention
[0007] The technique according to the above asgeht present disclosure allows
proper imaging of a target by reducing the liketil@f imaging being affected by
reflected light of the light source.
Brief Description of Drawings

[0008] FIG. 1A is a perspective view of a dermabpsccamera according to
Embodiment 1 of the present disclosure, withowd@apter being attached;

FIG. 1B is a perspective view of the dermatosa@yera according to
Embodiment 1 of the present disclosure, with tregptat attached,

FIG. 2 is an exploded perspective view of the @kostopy camera;

FIG. 3 is a perspective cross-sectional view afreager included in the

dermatoscopy camera;
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FIG. 4 is a front view of an illumination devisgluded in the dermatoscopy
camera as viewed in the direction indicated byafkoin FIG. 1A,

FIG. 5 is a cross-sectional view of the illuminatdevice taken along line V-V in
FIG. 4;

FIG. 6 is a cross-sectional view of the illuminatdevice with the adapter
attached,;

FIG. 7 is a front view of a base included in theyof the illumination device;

FIG. 8 is a front view of the base included intboey of the illumination device
with a first light-emitting diode (LED) board remex from the base;

FIG. 9 is an enlarged view of portion IX in FIG. 5

FIG. 10 is a partial cross-sectional view of teendhtoscopy camera;

FIG. 11 is a schematic diagram describing lighimlnation during second
dermatoscopy imaging;

FIG. 12 is a partial cross-sectional view of teendatoscopy camera with the
adapter attached;

FIG. 13 is a schematic diagram describing lighirilnation during the second
dermatoscopy imaging;

FIG. 14A is a diagram showing illuminance disttibn on a second objective
cover obtained through simulation in which LEDstfoe second dermatoscopy imaging
are turned on;

FIG. 14B is a diagram showing illuminance disttib on the second objective
cover obtained through simulation in which LEDsffst dermatoscopy imaging are
turned on;

FIG. 15 is a flowchart showing an imaging operaperformed by the
dermatoscopy camera;

FIG. 16 is a flowchart showing a dermatoscopy imggperation;

FIG. 17 is a flowchart showing a first dermatoscmpaging operation;
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FIG. 18 is a flowchart showing a second dermagenaging operation;

FIG. 19 is a diagram describing the focus ongetahat is set for imaging;

FIG. 20 is a partial cross-sectional view of anttoscopy camera according to
Embodiment 2;

FIG. 21 is a partial cross-sectional view of teensatoscopy camera according to
Embodiment 2 with an adapter attached;

FIG. 22A is a diagram describing movement of LEfards in a dermatoscopy
camera according to a modification of the presisaiabsure;

FIG. 22B is a diagram describing rotation of LE@atwls in a dermatoscopy
camera according to a modification of the presealasure; and

FIG. 23 is a flowchart showing an imaging operatba dermatoscopy camera
according to a modification of the present disalesu

Description of Embodiments

[0009] A dermatoscopy camera according to one gerambodiments of the
present disclosure will now be described with exiee to the drawings. The term
dermatoscope herein refers to a magnifier (defareskin examinations, and the term
dermatoscopy refers to skin examinations usingrgnifier or to the use of (the act of
using) the magnifier, similarly to the use of taets microscope and microscopy.
[0010] As in FIGS. 1A and 1B, the examples willHezeafter described based on
an orthogonal coordinate system with the froninffeurface) of a dermatoscopy camera
1 being nearer an imaging target (subject), thebeiag opposite to the front, and the
up-down (vertical) direction and the right-lefttédeal) direction being the up-down
(vertical) direction and the right-left (lateraljettion of the dermatoscopy camera 1
when viewed from the front. Unless otherwise dp&tithe components are fastened
in any suitable manner, such as with threads enscor by fitting.
[0011] Embodiment 1

The dermatoscopy camera 1 according to Embodiinisrdn example of an
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imaging device that captures an image for exanoinat skin conditions. The
dermatoscopy camera 1 can image an imaging tatiget with an adapter 70 attached as
shown in FIG. 1B or with the adapter 70 detachezhas/n in FIG. 1A. The adapter 70
is used for imaging narrow areas, such as betviegers$ or folds in an ear, as described
later.

[0012] As shown in FIG. 2, the dermatoscopy cartiereludes a controller 2, a
camera body 3 in front of the controller 2, andlamination device 4 in front of the
camera body 3.

[0013] The controller 2 includes a display 10 thaludes a touchscreen liquid
crystal display (LCD) monitor 11 to display variatemns of operating information and
captured images and receive, as setting meangpe@tions, a body 20 including
operation buttons, such as a shutter button 2& @adver button 22, and a circuit board
30 housed between the display 10 and the body P0e circuit board 30 includes a
storage 200 that stores captured images and alconitr 300 that controls the
components of the dermatoscopy camera 1.

[0014] The camera body 3 includes an imager 4Gdrame 50. The frame 50
supports the imager 40 and is attached to a cOvitedcribed later). FIG. 3isa
perspective cross-sectional view of the imagendided in the dermatoscopy camera 1.
The imager 40 includes an imaging lens system dihda lens group aligned with an
optical axis OA. The imager 40 also includes angicircuit board 43 and an image
sensor 44 housed behind the imaging lens system®ie imager 40 includes, in front
of the image sensor 44, an infrared cut filter (fiR@5, an ultraviolet transmissive filter
46, and a polarization filter 47 in the stated ofdam the front. The imager 40 further
includes a flexible circuit board 48 extending frtma left of the imager 40. The
controller 2 (FIG. 2) operates the imager 40 wighftexible circuit board 48.

[0015] The imaging lens system 41 includes the ¢gosp including a first

imaging lens 41a and a second imaging lens 4 lihealigiith the optical axis OA, and a
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lens barrel 41c housing the second imaging lens 4The first imaging lens 41a and the
second imaging lens 41b are located between ssddalin portion being an imaging
target and the image sensor 44 and form an imatpe ahaging target on the image
sensor 44. The first imaging lens 41a is movabtae front-rear direction, varying the
focal length and thus varying magnification. Tingtfmaging lens 41a and the second
imaging lens 41b together magnify a diseased podfi@ patient by 10 to 30 times.
[0016] The image sensor 44 is a known image sesisahn, as a charge-coupled
device (CCD) or a complementary metal-oxide senaaotor (CMOS). The image
sensor 44 converts an optical image of a subjaxctim electrical signal. The imager 40
uses the image sensor 44 to image an imaging.tarjae imager 40 can capture, for
example, still images and video.

[0017] As shown in FIG. 2, the illumination devi#¢éncludes the cover 60 attached
to the body 20 of the controller 2, an illuminataevice body 100 attached to the front
end of the cover 60, and the adapter 70 attachibe twover 60 to cover the front of the
illumination device body 100. As described abdhe,adapter 70 is detachable. The
adapter 70 is attached to the cover 60 to imagewareas, such as between fingers and
folds in an ear, and detached to image other pacts as a face and an arm. Thus, the
adapter 70 is a part of the illumination devicelewused in imaging and is not a part of
the illumination device 4 when unused in imaging.

[0018] As shown in FIGS. 1A, 1B, 2, 4, and 5, tbeear 60 is cylindrical and
houses the camera body 3. As shown in FIG. £&dber 60 has four protrusions 61
arranged on the outer circumferential surface adlagtervals. The protrusions 61
engage with the adapter 70 when the adapter T@chad and disengage from the
adapter 70 when the adapter 70 is detached. Awshd-1G. 4, the cover 60 also has
two detection switches 62 arranged on the outeurtiferential surface at equal intervals
adjacent to two of the protrusions 61. The twedein switches 62 are arranged

vertically opposite to each other with the optebak OA between the detection switches
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62 when the illumination device 4 is viewed frora flont.  As shown in FIG. 6, the
detection switches 62 are urged by springs 62alireation to protrude from the cover
60. When the adapter 70 is detached, the detesstibches 62 protrude from the cover
60 and are in an off state. When the adapter &@ashed with the protrusions 61, the
detection switches 62 are pressed by the adaptrd/fetracted. This turns on the
detection switches 62. The two detection swité@#kinction as detection means for
detecting attachment and detachment of the ad&pter

[0019] As shown in FIG. 5, the illumination devioedy 100 includes a base 110
provided with multiple light-emitting diode (LED)phrds on which LEDs are mounted
as light sources, an annular first cover 120 cagahe periphery of the base 110, and a
second cover 130 screwed to the first cover 120.

[0020] As shown in FIGS. 5, 7, and 8, the baseiddlQdes a base body 180, first
to sixth LED boards 111 to 116 on the base body &@@ four polarizer plates 117 on
the base body 180.

[0021] The base body 180 is formed from, for exanglblack synthetic resin.

As shown in FIGS. 5 and 8, the base body 180 iesladcylindrical portion 181, an
annular portion 182 at the front end of the cyiicalrportion 181, first to fourth walls

183 to 186 located radially inside the annularippri82 and extending obliquely
rearward from the annular portion 182, four connegbarts 187 each between adjacent
ones of the first to fourth walls 183 to 186, arfiftl wall 188 connected to edges of the
first to fourth walls 183 to 186.

[0022] As shown in FIG. 5, the cylindrical portid81 has an outer diameter that is
substantially the same as the inner diameter afdlier 60 and has the outer
circumferential surface fitted in the inner circematial surface of the cover 60. This
fastens the base body 180 to the cover 60.

[0023] As shown in FIGS. 7 and 8, the annular porfi82 has a board mounting
surface 182a on which the first LED board 111 isimbed. The board mounting



10

15

20

25

surface 182a is flat and faces frontward. Thedo@unting surface 182a has four
screw holes 182b used to mount the first LED b&add

[0024] As shown in FIGS. 5 and 8, the first walBI&s a rectangular-plate-like
shape, with the main surface facing frontward digtity downward and angled with the
optical axis OA. The second LED board 112 is median the first wall 183 from the
rear thereof with screws (not shown), and the et 183 has an opening 183a to
expose LEDs 141, 142, and 143 on the second LERIAA2 frontward. A polarizer
plate 117 is mounted on the front surface of tis¢ Wall 183 as shown in FIG. 8.

[0025] As shown in FIG. 8, the second wall 184 &asctangular-plate-like shape,
with the main surface facing frontward and sligieigward and angled with the optical
axis OA. The third LED board 113 is mounted ondbeond wall 184 from the rear
side thereof with screws (not shown), and the skeall 184 has a opening 184a to
expose LEDs 141, 142, and 143 on the third LEDbt&8 frontward. A polarizer
plate 117 is mounted on the front surface of ticersg wall 184 as shown in FIG. 8.
[0026] As shown in FIGS. 5 and 8, the third walbItas a rectangular-plate-like
shape, with the main surface facing frontward digityy upward and angled with the
optical axis OA. The fourth LED board 114 is maahon the third wall 185 from the
rear thereof with screws (not shown), and the thatl 185 has an opening 185a to
expose LEDs 141, 142, and 143 on the fourth LEDdbda4 frontward. A polarizer
plate 117 is mounted on the front surface of tird thall 185 as shown in FIG. 8.

[0027] As shown in FIG. 8, the fourth wall 186 lsasectangular shape, and has the
main surface facing frontward and slightly rightdvand angled with the optical axis OA.
The fifth LED board 115 is mounted on the fourtil\l86 from the rear thereof with
screws (not shown), and the fourth wall 186 haspeming 186a to expose LEDs 141,
142, and 143 on the fifth LED board 115 frontward polarizer plate 117 is mounted
on the front surface of the fourth wall 186 as shawFIG. 8.

[0028] The four connection parts 187 are eachdachetween adjacent ones of the
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rectangular first to fourth walls 183 to 186 exiegdbliquely rearward from the annular
portion 182. The four connection parts 187 thumeat the adjacent first to fourth
walls 183 to 186 and form a circumferentially contus wall together with the first to
fourth walls 183 to 186.

[0029] As shown in FIGS. 5 and 8, the fifth walBL8 a front-facing rectangular
wall, and is connected to the edges of the firBitah walls 183 to 186 extending
rearward. The sixth LED board 116 is mounted erfifth wall 188 from the rear
thereof with screws (not shown), and the fifth vi&@8 has openings 188a to expose four
LEDs 144 on the sixth LED board 116 frontward. Tifie wall 188 has, at the center,
a barrel insertion hole 188b for receiving the leasel 41c in the imager shown in FIG.
3.

[0030] The base body 180 holding the first to s boards 111 to 116 and the
polarizer plates 117 is fitted to the cover 60 shawFIG. 6.

[0031] As shown in FIGS. 5, 7, and 8, the first LB@ard 111 is annular and
mounted to the board mounting surface 182a ofdise body 180 with screws 189 (FIG.
7). The first LED board 111 includes sixteen LHBA$ arranged circumferentially.
The LEDs 140 emit, for example, white light anddiion as a ring flash that emits light
frontward from the outer circumference of the illnation device body 100. The LEDs
140 emit light to illuminate a diseased skin partichen the dermatoscopy camera 1
(FIG. 1A) images the diseased skin portion as anommcamera (normal imaging).
[0032] As shown in FIGS. 5 and 8, the second LE&#Ad12 is a rectangular
board screwed, from the rear, to the first wall itBe base body 180, and a
longitudinal direction of the second LED board £kBends laterally. As shown in FIG.
8, the second LED board 112 has an LED 141 thdsetmsible light, an LED 142 that
emits visible light, an LED 143 that emits ultrdeidight, an LED 142 that emits visible
light, and an LED 141 that emits visible light aigad in a row in this order from left to

right. The two LEDs 142 are covered with the potarplate 117 and thus emit
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polarized light. As shown in FIG. 5, the secondUébard 112 is located on the first
wall 183 angled frontward with the vertical directi The LEDs 141, 142, and 143 on
the second LED board 112 thus face toward theaatias OA of the imager 40, or

more specifically, face frontward and slightly davard in FIG. 5.

[0033] As shown in FIG. 8, the third LED board 142 vertically-elongated
rectangular board screwed, from the rear, to tbersbwall 184 in the base body 180 and
extends orthogonally to the second LED board 155 in the second LED board 112,
the third LED board 113has an LED 141 that emgibie light, an LED 142 that emits
visible light, an LED 143 that emits ultravioleghit, an LED 142 that emits visible light,
and an LED 141 that emits visible light arranged mow in this order from top to bottom.
Also as in the second LED board 112, the two LE@&dre covered with the polarizer
plate 117. The third LED board 113 is locatedrenangled second wall 184 in the
base body 180. The LEDs 141, 142 and 143 on iteltBD board 113 face toward
the optical axis OA of the imager 40, or more dpatly, face frontward and slightly
leftward in FIG. 8.

[0034] As shown in FIG. 8, the fourth LED board 16 the same structure as the
second LED board 112 rotated by 180° about thea@ikis OA. In other words, the
LEDs 141, 142, and 143 on the second LED boarchhiizhe LEDs 141, 142, and 143
on the fourth LED board 114 are vertically symneatvith each other about the optical
axis OA. The LEDs 141, 142, and 143 on the fou® board 114 face frontward and
slightly upward and thus emit light toward the ocgltiaxis OA. The two LEDs 142 on
the fourth LED board 114 are covered with the jdamplate 117. As shown in FIG. 8,
the fifth LED board 115 has the same structurbeshird LED board 113 rotated by
180° about the optical axis OA. In other words,tEDs 141, 142, and 143 on the
third LED board 113 and the LEDs 141, 142, andd@he fifth LED board 115 are
laterally symmetric with each other about the @btaxis OA. The LEDs 141, 142, and
143 on the fifth LED board 115 face frontward alighdly rightward and thus emit light
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toward the optical axis OA. The two LEDs 142 oafifth LED board 115 are covered
with the polarizer plate 117. The LEDs 141, 14#] 343 on each of the second to fifth
LED boards 112 to 115 illuminate a diseased skiigroduring dermatoscopy imaging
(first dermatoscopy imaging) performed with theda70 (FIG. 6) detached from the
illumination device 4 as shown in FIG. 5. The LEIA® and 143, except the LEDs 141,
also illuminate a diseased skin portion during @ggascopy imaging (second
dermatoscopy imaging) performed with the adapteat@@hed to the illumination device
4 as shown in FIG. 6.

[0035] As shown in FIGS. 5 and 8, the sixth LEDH0HL6 is a rectangular board
screwed, from the rear, to the fifth wall 188 ie thase body 180. The sixth LED board
116 has a barrel insertion hole 116a that aligtts tive barrel insertion hole 188b in the
fifth wall 188 in the base body 180. The sixth LB®ard 116 has the four LEDs 144
around the barrel insertion hole 188b (116a) td eisible light during the second
dermatoscopy imaging. The four LEDs 144 face Wwandl and emit light frontward
through the openings 188a in the fifth wall 188ia base body 180. The four LEDs
144 on the sixth LED board 116 illuminate a disdashén portion instead of the LEDs
141 during the second dermatoscopy imaging.

[0036] The illumination device 4 thus includes HieDs 140 that emit light during
normal imaging, the LEDs 141 that emit light durthg first dermatoscopy imaging
alone, the LEDs 144 that emit light during the selcdermatoscopy imaging alone, and
the LEDs 142 and 143 that emit light during thstfitermatoscopy imaging and the
second dermatoscopy imaging.

[0037] As shown in FIG. 5, the first cover 120 cang the periphery of the front
end of the base 110 has a first cover body 12harahslucent plate 122 on the front
surface of the first cover body 121. The firsteovody 121 is formed from, for
example, a black synthetic resin.  As shown in BlGhe first cover body 121 has an

annular cover portion 121a covering the front effttst LED board 111, and an outer
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wall 121b and an inner wall 121c forming a tubslaape and standing from the cover
portion 121a. The first cover 120 is fastenedhéoltase body 180 with the outer wall
121b and the inner wall 121c in contact with theutar portion 182. The first cover
body 121 forms, on the rear, a housing space Aitngtise first LED board 111 and the
LEDs 140. The housing space A is defined by thvercportion 121a, the outer wall
121b, the inner wall 121c, and the annular podi®2 in the base body 180. The cover
portion 121a has light releasing holes aligned Wi¢hLEDs 140. The first cover 120
thus has sixteen light releasing holes 121d cavresipg to the sixteen LEDs 140 on the
first LED board 111 as shown in FIG. 4. The traocsht plate 122 is formed from, for
example, a transparent synthetic resin. The traast plate 122 transmits light emitted
from the LEDs 140 through the light releasing hdl2td and covers the light releasing
holes 121d to prevent dust from entering the inte&i the dermatoscopy camera 1.

The illumination device 4 can thus function asng flash by emitting light from the

LEDs 140 through the multiple light releasing hdi@dd arranged circumferentially.
[0038] As shown in FIG. 9, the outer wall 121bla# first cover body 121 covers
the radially outer end face 111a of the first LEdadal 111, and the inner wall 121c
covers the radially inner end face 111a. As desdrabove, the base body 180 and the
first cover body 121 defining the housing spaceedfarmed from, for example, a black
synthetic resin. The base body 180, the outerlg4lb, and the inner wall 121c thus
absorb light from the LEDs 140 transmitted throtighfirst LED board 111. For
example, the inner wall 121c absorbs light L1 tnaitted through the first LED board

111 before the light L1 passes through the innéface 111a. Also, the base body 180
absorbs light L2 transmitted through the first LBfard 111 before the light L2 travels
further rearward. Thus, the light emitted from teDs 140 travels outward from the
housing space A through the light releasing hakdsi lone, thus reducing light leakage
to the interior of the dermatoscopy camera 1 (fangle, to a space B housing the distal

end of the lens barrel 41c and the LEDs 141, 142, 4nd 144 for dermatoscopy
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imaging as shown in FIG. 10). As shown in FIGh8,inner wall 121c has internal
threads 121e for engaging with the second cover 130

[0039] As shown at least in FIGS. 4 to 6, the sdamver 130 includes a truncated
conical cylinder 131 as a first cover, and a bigective cover 132 fitted in an opening
131a at the top (front end) of the cylinder 131he Tylinder 131 is formed from a light
non-transmissive resin material, such as a polyeinpride derivative and an acrylic
resin, to avoid light transmission and conversibight into an electrical signal by the
image sensor. The cylinder 131 may have a sucfzeted with a paint that prevents
light transmission. The cylinder 131 has an immreumferential surface embossed to
reduce light reflection or treated with an antleetive coating. As shown in FIG. 9, the
cylinder 131 has, at the bottom (rear end), exténn@ads 131b screwed with the internal
threads 121e on the inner wall 121c. The extéinehds 131b and the internal threads
121e on the first cover 120 function as attachrardtdetachment means for attaching
and detaching the second cover 130 to and froriirsheover 120.

[0040] The first objective cover 132 shown in FE3s a member that can transmit
light, such as a glass piece, and is disk-shap€lde first objective cover 132 has the
main surface orthogonal to the optical axis OA. e Tain surface of the first objective
cover 132 has a predetermined first area. Dermapygmaging of a diseased skin
portion is to be performed with less diffuse reftae of light on the skin surface.

Diffuse reflection of light is reduced with a geipdied to the diseased skin portion
against which the first objective cover 132 is pegls This removes an air layer
between the diseased skin portion and the firgtotibe cover 132, thus reducing diffuse
reflection of light on the skin surface. In thermar described above, the first objective
cover 132 pressed against the diseased skin podiggmits light from the LEDs 141,
142, 143, and 144 mounted on the second to sixihihdards 112 to 116 shown in FIG.
8 allows illumination of the diseased skin portwith light, and directs light reflected by

the diseased skin portion into the dermatoscopyecamand thus to the imager 40.
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[0041] During the first dermatoscopy imaging, asvah in FIG. 10, the first
objective cover 132 is in contact with skin S1 megionrl. The regionrlis
surrounded by a region r2 in which the top of §lender 131 is in contact with the skin
S1. The cylinder 131 in contact with the skin Sfhe region r2 blocks external light.
The skin S1 in contact with the first objective en®¥32 is thus less susceptible to
external light. This allows the skin S1 in contaith the first objective cover 132 to be
efficiently illuminated with light from the LEDs 14 142, 143, and 144 on the second to
sixth LED boards 112 to 116. The first objectioeer 132 pressed against the skin S1
retains a constant distance between the skin Stharmtkrmatoscopy camera 1 and
constant brightness at the illuminated skin S1s #mabling stable dermatoscopy imaging
under, for example, stable exposure conditions.ditisaally, the first objective cover
132 protects the interior of the dermatoscopy carhdérom moisture and dust.

[0042] As shown in FIGS. 1B and 6, the adaptenéfudes a truncated conical
cylinder 71 as a second cover and a second olgesdwer 72 fitted in an opening 71a at
the top (front end) of the cylinder 71. The cybnd1 is formed from, for example, a
resin such as a polyvinyl chloride derivative anaaerylic resin, and has an inner
circumferential surface embossed to reduce lidlgateon or treated with an
anti-reflective coating. The cylinder 71 has aksabportion 71b at the bottom (rear
end) as shown in FIG. 6. The hooked portion 78ngaged with the protrusions 61 on
the cover 60 to attach the adapter 70 to the &er This causes an inner wall 70a of
the adapter 70 to press the detection switches B2e detection switches 62 are then
retracted and turned on. When the adapter 7Qaslued from the cover 60, the hooked
portion 71b is pushed outward to be disengaged tiherprotrusions 61. This releases
the detection switches 62 from the state pressdiadayner wall 70a of the adapter 70.
The detection switches 62 then protrude from tiverc60 and are turned off. The
hooked portion 71b and the protrusions 61 funa®attachment and detachment means

for attaching and detaching the adapter 70 to i@mmd fhe cover 60.
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[0043] The second objective cover 72 is a memiarddin transmit light, such as a
glass piece, and is disk-shaped. During the set@mdatoscopy imaging, the second
objective cover 72 comes in contact with a diseakedportion as an imaging target.
The second objective cover 72 has the main suoidisegonal to the optical axis OA.
The main surface of the second objective coverg2ampredetermined second area that
is smaller than the first area of the first objgettover 132. The second objective cover
72 can thus be placed on a diseased skin port@manrow area with the tapered
cylinder 71. The second objective cover 72 isggésagainst a diseased skin portion in
a narrow area through a gel applied to the disesisegbortion to reduce diffuse
reflection of light on the diseased skin portiouring the second dermatoscopy
imaging, the second objective cover 72 transngtg kEmitted from the LEDs 142 and
143 on the second to fifth LED boards 112 to 1ibfewm the LEDs 144 on the sixth
LED board 116 shown in FIG. 8 to illuminate thesdised skin portion with light, and
allows light reflected by the diseased skin portmenter the second objective cover 72.
[0044] During the second dermatoscopy imaginghas/s in FIG. 12, the second
objective cover 72 is in contact with skin S2 iregion r3. The region r3 is surrounded
by a region r4 in which the top of the cylinderi§in contact with the skin S2. The
cylinder 71 in contact with the skin S2 in the cggi4 blocks external light. The skin
S2 in contact with the second objective cover TBus less susceptible to external light.
The second objective cover 72 enables stable desoggdy imaging as the same
advantageous effects as produced by the firsttlgemver 132 described above.
[0045] Referring now to FIGS. 10 to 13, the LEDs;eof which is an example of
light emitting means in the illumination deviceade arranged in the manner described
below in more detail. In FIGS. 10 to 13, the frpattion of the dermatoscopy camera 1
is illustrated to simplify the drawings. FIGS. 013 are cross-sectional views of the
dermatoscopy camera 1 taken along a vertical ligeeal with the line along which the

cross-sectional views in FIGS. 5 and 6 are takémFIGS. 11 and 13, the range
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iluminated by the LEDs is hatched, with an arkerilnated brighter being hatched
darker.

[0046] As shown in FIG. 10, the imaging lens systdnin the dermatoscopy
camera 1 includes the lens barrel 41c placed thrthegbarrel insertion holes 116a and
188b and protruding from the base body 180. Duhedirst dermatoscopy imaging,
the imaging lens system 41 moves the lens grofgets on the skin S1 in contact with
the first objective cover 132. FIG. 10 shows ththf light that enters the
dermatoscopy camera 1 and then the image senffmodgih the lens group, such as the
first imaging lens 41a, assuming that the skinsSa contact with the first objective
cover 132.

[0047] The skin S1 includes a point C at the upjestrposition of the imaging
range of the image sensor 44. Thus, rays passimggh the point C during the first
dermatoscopy imaging are at the uppermost (outéyipasition among the rays
included in the pencil of rays that enters the iensgnsor 44 through the first objective
cover 132 from the imaging target. Light reflecatdhe point C on the skin S1 travels
in various directions and patrtially enters the imagnsor 44 through the lens group.
Among the rays passing through the point C andiagtthe image sensor 44, an upper
ray 171 is the uppermost ray and a lower ray 1#t#&isowermost ray. The upper ray
171 is also the uppermost (outermost) ray amonmthigple upper rays that pass
through the first objective cover 132 and entelirtiegge sensor 44. The upper ray 171
and the lower ray 172 passing through the poineGransmitted through the first
objective cover 132, refracted by the lens grauguding the second imaging lens 41b
and the first imaging lens 41a, and focused aird @dat an end of the image sensor 44.
Among the rays passing through the point C, ragsdsn the upper ray 171 and the
lower ray 172 (e.g., principal rays) are also tnaitted through the first objective cover
132, refracted by the lens group, such as the deo@ying lens 41b, and focused at the

point C' at the end of the image sensor 44.
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[0048] The first objective cover 132 in contactiwiite skin S1 during the first
dermatoscopy imaging allows little or no light tdex from the front. Thus, the upper
ray 171 and the lower ray 172 have the portiongfrard (nearer the skin S1) from the
first objective cover 132 being imaginary and nfaysthave the portions referred to as an
imaginary upper ray 171a and an imaginary lowed#2a.

[0049] The upper ray 171 passing through the goinas a portion (imaginary
upper ray 171a) frontward (nearer the skin S1) fitoerfirst objective cover 132. An
inverted upper ray 171'is an imaginary ray thabisined by inverting the portion 171a
toward the image sensor 44 with respect to a syngragis being a line extending
vertically (orthogonally to the optical axis OApal the front surface 132a of the first
objective cover 132. The lower ray 172 passingubin the point C has a portion
(imaginary lower ray 172a) frontward (nearer thia §K.) from the first objective cover
132. Aninverted lower ray 172' is an imaginanyttat is obtained by inverting the
portion 172a toward the image sensor 44 with réspebe symmetry axis being the line
extending vertically along the front surface 132the first objective cover 132.

[0050] The skin S1 includes a point D at the lowastposition of the imaging
range of the image sensor 44. Thus, rays passimggh the point D during the first
dermatoscopy imaging are at the lowermost (outejrposition among the rays
included in the pencil of rays that enters the iensgnsor 44 through the first objective
cover 132 from the imaging target. Light reflecatdhe point D on the skin S1 travels
in various directions and patrtially enters the imagnsor 44 through the lens group.
Among the rays passing through the point D andiegtéhe image sensor 44, an upper
ray 173 is the uppermost ray and a lower ray 1##keidowermost ray. The lower ray
174 is also the lowermost (outermost) ray amongrthiiple lower rays that enter the
image sensor 44 through the lens group. The @yeklower rays 173 and 174 are
indicated with dashed lines for easy distinctiamfrthe upper and lower rays 171 and

172 indicated with solid lines. The upper ray &A@ the lower ray 174 passing through
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the point D are transmitted through the first otopeccover 132, refracted by the lens
group (e.g., the second imaging lens 41b), andsétat a point D' at another end of the
image sensor 44. Among the rays passing throwgpdimt D, rays between the upper
ray 173 and the lower ray 174 (e.g., principal yays also transmitted through the first
objective cover 132, refracted by the lens groogd,facused at the point C' at the end of
the image sensor 44.

[0051] The first objective cover 132 in contacthwiihe skin S1 during the first
dermatoscopy imaging allows little or no light tdex from the front. Thus, the upper
ray 173 and the lower ray 174 have the portiongrard (nearer the skin S1) from the
first objective cover 132 being imaginary and nfaysthave the portions referred to as an
imaginary upper ray 173a and an imaginary lowedi&a.

[0052] The upper ray 173 passing through the @inéas a portion (imaginary
upper ray 173a) frontward (nearer the skin S1) fiteerfirst objective cover 132. An
inverted upper ray 173" is an imaginary ray thabisined by inverting the portion 173a
toward the image sensor 44 with respect to the stmyraxis being the line extending
vertically (orthogonally to the optical axis OApal the front surface 132a of the first
objective cover 132. The lower ray 174 passingutin the point D has a portion
(imaginary lower ray 174a) frontward (nearer tha §K.) from the first objective cover
132. Aninverted lower ray 174' is an imaginanyttat is obtained by inverting the
portion 174a toward the image sensor 44 with reégpeébe symmetry axis being the line
extending vertically along the front surface 13Rthe first objective cover 132.

[0053] The upper ray 171 and the lower ray 174 dthe uppermost ray and the
lowermost ray in the pencil of rays that entersniege sensor 44 through the first
objective cover 132, define a region between the @1 and 174, including a first
region 501a located frontward from the first objectover 132. The first region 501a
inverted with respect to the symmetry axis beimgitie extending vertically

(orthogonally to the optical axis OA) along thentreurface 132a of the first objective
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cover 132 is a first inverted region 501b. Thstfiegion 501a is an imaginary region
between the imaginary upper ray 171a and the iraaglower ray 174a. The first
inverted region 501b is also an imaginary regidween the inverted upper rays 171’
and the inverted lower rays 174'.  Although th&t fiegion 501a and the first inverted
region 501b each have a trapezoidal cross setiese region 501a and 501b are both
actually truncated conical, with the first regidiLa defined by the imaginary upper ray
171a and the imaginary lower ray 174a being rotabeait the optical axis OA and the
first inverted region 501b defined by the firsticegS01a being inverted. The LEDs
141, 142, and 143 on the second LED board 112henidtrth LED board 114 are
outward from the first inverted region 501b, aswad from the optical axis OA. The
LEDs 141, 142, and 143 arranged in the above mamietight that is reflected by the
rear surface 132b of the first objective cover 48@ restricted from entering the image
sensor 44. This prevents the central area oftaregbimage from being affected by
light from the LEDs 141, 142, and 143 reflectedhm®yrear surface 132b of the first
objective cover 132 and reduces the likelihooaraging being affected by the reflected
light.

[0054] Among the rays entering the image sensa@¥included in the portion of
the pencil of rays frontward from the first objeeticover 132, the outermost rays are the
imaginary lower ray 172a and the imaginary uppgi#Ba. The imaginary lower ray
172a and the imaginary upper ray 173a define amdgtween the rays 172a and 173a,
including a second region 502a located frontwasthfthe first objective cover 132.

The second region 502a inverted with respect tsythrametry axis being the line
extending vertically (orthogonally to the opticalssOA) along the front surface 132a of
the first objective cover 132 is a second invergggon 502b. The second region 502a
IS an imaginary region between the imaginary lowgrl 72a and the imaginary upper
ray 173a. The second inverted region 502b isaadsmaginary region between the

inverted lower ray 172' and the inverted upper/&8. Although the second region
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502a and the second inverted region 502b eachah@spezoidal cross section, they are
both actually truncated conical, with the secombre502a defined by the imaginary
lower ray 172a and the imaginary upper ray 173ago@tated about the optical axis OA
and the second inverted region 502b defined bgebend region 502a being inverted.
The LEDs 141, 142, and 143 on the second LED htiEdand the fourth LED board
114 are within the second inverted region 502b.e OEDs 141, 142 and 143 are thus
unlikely to be located largely outward to avoidiajpg) the illumination device 4 and the
dermatoscopy camera 1.

[0055] The LEDs 141, 142 and 143 on the verticaipnged second LED board
112 and the fourth LED board 114 are arrangedamtanner described above with
reference to the cross-sectional view (FIG. 1(rnadong a vertical line. The LEDs
141, 142 and 143 on the laterally arranged thir® bard 113 (FIG. 8) and the fifth
LED board 115 (FIG. 8) can also be arranged irséimee manner and may be described
with reference to a cross-sectional view takengabotateral line. More specifically, the
LEDs 141, 142, and 143 on the third LED board F&(8) and the fifth LED board
115 (FIG. 8) are also outward from the first ingdrtegion 501b and within the second
inverted region 502b as viewed from the opticas &A.

[0056] As shown in FIG. 11, the LEDs 141, 142, 44d on the second LED board
112 face frontward and slightly downward. Simylathe LEDs 141, 142, and 143 on
the fourth LED board 114 face frontward and slightpward as shown in FIG. 11. As
shown in FIG. 8, the LEDs 141, 142, and 143 orittind LED board 113 face frontward
and slightly leftward, and the LEDs 141, 142, 143l fifth LED board 115 face
frontward and slightly rightward. The LED 141, 14Rd 143 arranged on the second
to fifth LED boards 112 to 115 in the above marthas emit light toward the first
objective cover 132 during the first dermatoscaopgging. The first objective cover
132 can thus be entirely located within a brightilyninated space B1, allowing the skin

S1 in contact with the first objective cover 13d&oilluminated brightly with reduced
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unevenness.
[0057] As described above, the light emitted frauleof the LEDs 141, 142, and
143 is directed toward the first objective cove? #i8ring the first dermatoscopy imaging.
This allows the skin S1 to be illuminated brightligh reduced unevenness. The LEDs
141, 142, and 143 are arranged in the manner beda@bove to prevent the central area
of the captured image from being affected by lfighh the LEDs 141, 142, and 143
reflected by the first objective cover 132 andeduce the likelihood of imaging being
affected by the reflected light, while avoiding izpsgy the illumination device 4 and the
dermatoscopy camera 1.

[0058] The LEDs 144 that emit light during the sstdermatoscopy imaging and
are arranged on the sixth LED board 116 will novdéscribed. As shown in FIG. 12,
during the second dermatoscopy imaging, the imdgimgsystem 41 moves the lens
group to focus on the skin S2 in contact with #n@oad objective cover 72.  FIG. 12
shows the path of light that enters the dermatgscamera 1 and then the image sensor
44 through the lens group, such as the first ingalgins 41a, when the skin S2 is in
contact with the second objective cover 72.

[0059] The skin S2 includes a point E at the uppstrposition of the imaging

range of the image sensor 44. Thus, rays passimggh the point E during the second
dermatoscopy imaging are at the uppermost (outéyipasition among the rays

included in the pencil of rays that enters the iensgnsor 44 through the second objective
cover 72 from the imaging target. Light reflectégdhe point E on the skin S2 travels in
various directions and partially enters the imaaessr 44 through the lens group.
Among the rays passing through the point E andiagtthe image sensor 44, an upper
ray 175 is the uppermost ray and a lower ray 1#gisdowermost ray. The upper ray
175 is also the uppermost (outermost) ray amonmthigple upper rays that pass
through the second objective cover 72 and ententhge sensor 44. The upper ray

175 and the lower ray 176 passing through the jgoare transmitted through the second
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objective cover 72 and the first objective cove?, ¥8fracted by the lens group, and
focused at a point E' at an end of the image sddsor

[0060] The second objective cover 72 in contadh wie skin S2 during the second
dermatoscopy imaging allows little or no light tdex from the front. Thus, the upper
ray 175 and the lower rays 176 have the portiamgvrard (nearer the skin S2) from the
second objective cover 72 being imaginary and mag lhave the portions referred to as
an imaginary upper ray 175a and an imaginary loaef 76a.

[0061] The upper ray 175 passing through the oimas a portion (imaginary
upper ray 175a) frontward (nearer the skin S2) filoeersecond objective cover 72.  An
inverted upper ray 175'is an imaginary ray thabisined by inverting the portion 175a
toward the image sensor 44 with respect to a syngragis being a line extending
vertically (orthogonally to the optical axis OApap the front surface 72a of the second
objective cover 72. The lower ray 176 passingubinathe point E has a portion
(imaginary lower ray 176a) frontward (nearer tha §i2) from the second objective
cover 72. Aninverted lower ray 176' is an imagmay that is obtained by inverting
the portion 176a toward the image sensor 44 wipee to the symmetry axis being the
line extending vertically along the front surfa@aof the second objective cover 72.
[0062] The skin S2 includes a point F at the lowesthposition of the imaging
range of the image sensor 44. Thus, rays passimggh the point F during the second
dermatoscopy imaging are at the lowermost (outejrposition among the rays
included in the pencil of rays that enters the iensgnsor 44 through the second objective
cover 72 from the imaging target. Light reflectéédhe point F on the skin S2 travels in
various directions and partially enters the imaggessr 44 through the lens group.
Among the rays passing through the point E andiagtthe image sensor 44, an upper
ray 177 is the uppermost ray and a lower ray 1#t@&isowermost ray. The lower ray
178 is also the lowermost (outermost) ray amongrtiiiple lower rays that pass

through the second objective cover 72 and ententhge sensor 44. The upper ray
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177 and the lower ray 178 passing through the poane transmitted through the second
objective cover 72 and the first objective cove?, ¥8fracted by the lens group, and
focused at a point F' at another end of the imagsas 44.

[0063] The second objective cover 72 in contadh wie skin S2 during the second
dermatoscopy imaging allows little or no light tdex from the front. Thus, the upper
ray 177 and the lower ray 178 have the portiongfrard (nearer the skin S2) from the
second objective cover 72 being imaginary and imag lhave the portions referred to as
an imaginary upper ray 177a and an imaginary loayef 78a.

[0064] The upper ray 177 passing through the golms a portion (imaginary
upper ray 177a) frontward (nearer the skin S2) filoersecond objective cover 72.  An
inverted upper ray 177'is an imaginary ray thabisined by inverting the portion 177a
toward the image sensor 44 with respect to the stmyraxis being the line extending
vertically (orthogonally to the optical axis OApap the front surface 72a of the second
objective cover 72. The lower ray 178 passinguincthe point F has a portion
(imaginary lower ray 178a) frontward (nearer tha §i2) from the second objective
cover 72. Aninverted lower ray 178' is an imagmay that is obtained by inverting
the portion 178a toward the image sensor 44 wipee to the symmetry axis being the
line extending vertically along the front surfa@aof the second objective cover 72.
[0065] The upper ray 175 and the lower ray 178)dpthe uppermost ray and the
lowermost ray in the pencil of rays that entersrtege sensor 44 through the second
objective cover 72, define a region between the 1&% and 178, including a third region
503a located frontward from the second objectiwec@2. The third region 503a
inverted with respect to the symmetry axis beimgitie extending vertically
(orthogonally to the optical axis OA) along thentreurface 72a of the second objective
cover 72 is a third inverted region 503b. Thedtirgion 503a is an imaginary region
between the imaginary upper ray 175a and the iraaglower ray 178a. The third

inverted region 503b is also an imaginary regidween the inverted upper ray 175' and
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the inverted lower ray 178'.  Although the thirdarted region 503a and the third
inverted region 503b each have a trapezoidal eexdgon, they are both actually
truncated conical, with the third inverted regi@3& defined by the imaginary upper ray
175a and the imaginary lower ray 178a being rotabeait the optical axis OA and the
third inverted region 503b defined by the thirdoed03a being inverted. The LEDs
144 on the sixth LED board 116 are outward fronthivd inverted region 503b. The
LEDs 144 on the sixth LED board 116 are arrangedarsame manner as in a
cross-sectional view taken along a lateral linehe TEDs 144 are outward from the
third inverted region 503b as viewed from the @btaxis OA. The LEDs 144 arranged
in the above manner emit light that is reflectedh®yrear surface 72b of the second
objective cover 72 and restricted from enteringriegge sensor 44. This prevents the
central area of a captured image from being affdaydight from the LEDs 144 reflected
by the rear surface 72b of the second objectivercé® and reduces the likelihood of
imaging being affected by the reflected light.

[0066] Among the rays entering the image sens@¥included in the portion of
the pencil of rays frontward from the first objeeticover 72, the outermost rays are the
imaginary lower ray 176a and the imaginary uppgidi@&¥a. The imaginary lower ray
176a and the imaginary upper ray 177a define amdgtween the rays 176a and 177a,
including a fourth region 504a located frontwawhirthe second objective cover 72.
The fourth region 504a inverted with respect tosyrametry axis being the line
extending vertically (orthogonally to the opticalssOA) along the front surface 72a of
the second objective cover 72 is a fourth inverégibn 504b. The fourth region 504a
is an imaginary region between the imaginary lowagrl76a and the imaginary upper
ray 177a. The fourth inverted region 504b is alsegion between the inverted lower
ray 176" and the inverted upper ray 177'.  Althatingtfourth region 504a and the fourth
inverted region 504b each have a trapezoidal eexdgon, they are both actually

truncated conical, with the fourth region 504armksdi by the imaginary lower ray 176a
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and the imaginary upper ray 177a being rotatedtdhewptical axis OA and the fourth
inverted region 504b defined by the fourth regifd@being inverted. The LEDs 144
on the sixth LED board 116 are within the fourtbeiried region 504b. The LEDs 144
on the sixth LED board 116 are arranged in the saaraer as in a cross-sectional view
taken along a lateral line. The LEDs 144 are withe fourth inverted region 504b.
This allows the LEDs 144 to illuminate the secohgkctive cover 72 from nearer the
optical axis OA, reducing unevenness of the liininated on the skin S2.

[0067] As described above, the four LEDs 144 fagetivard. As shown in FIG.
13, the light emitted frontward from each of therfaEDs 144 during the second
dermatoscopy imaging is directed toward the seobjettive cover 72. The second
objective cover 72 is thus entirely located withibrightly illuminated space B4,
allowing the skin S2 in contact with the seconceotiye cover 72 to be illuminated
brightly with reduced unevenness.

[0068] As described above, although the dermatgscamera 1 emits visible light
with the LEDs 141 during the first dermatoscopygamg, the dermatoscopy camera 1
located nearer the optical axis OA emits visitgatiwith the LEDs 144 during the
second dermatoscopy imaging. This facilitatesnihating the second objective cover
72 with a smaller diameter that is coaxial withdipéical axis OA. This is also
demonstrated by the simulation of the illuminansgitution for the second objective
cover as shown in FIGS. 14A and 14B. In FIG. 1#&,LEDs 144 shown in FIG. 8
emit light. In FIG. 14B, the eight LEDs 141 showrFIG. 8 emit light. In FIG. 14A,
the second objective cover has an area 73 illusdnatiformly and brightly with
reduced unevenness. In FIG. 14B, the second olg@dver has an area 74 partially
including a darker area 74a illuminated insuffitdgrcausing uneven brightness.
[0069] The second objective cover 72 may cause woeten brightness when
illuminated with the LEDs 141 (FIG. 8) during thisf dermatoscopy imaging. This

may result from the LEDs 141 for the first dermeatymy imaging arranged to emit light
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toward the first objective cover 132 as descrilmma. As shown in FIG. 11, light
emitted from one of the LEDs 141 passing througtfitst objective cover 132 partially
illuminates the second objective cover 72 instdaahtirely illuminating the second
objective cover 72. Thus, part of the second dilbcover 72 is located in the brightly
iluminated space B1 whereas the remaining péoteted in spaces B2 and B3 darker
than the space B1. This can cause uneven brightnete second objective cover 72.
Such uneven brightness is caused markedly by tBes 121 that are farthest from the
optical axis OA among the LEDs 141, 142, and 14Bemit light during the first
dermatoscopy imaging.

[0070] The LEDs 144 for the second dermatoscopyginggare located nearer the
optical axis OA than the LEDs 141 for the firstrdatoscopy imaging. This
arrangement enables the second objective coverb®iluminated uniformly with light
emitted frontward from the LEDs 144 as shown in.AI& This reduces uneven
brightness in the images resulting from the secamohatoscopy imaging and enables
capturing of images that facilitate diagnosis.

[0071] The operation of the dermatoscopy camerd hew be described with
reference to FIGS. 1510 19. For ease of undelisignFIG. 19 simply shows the
components of the dermatoscopy camera 1 useddnliethe focus position. The
operation of each component of the dermatoscopgi@ainis controlled by the control
unit 300 on the circuit board 30 shown in FIG. Zhe control unit 300 includes a
central processing unit (CPU). The circuit bodddrigludes an input-output (I/O)
interface, a read-only memory (ROM), and a randooess memory (RAM). The
CPU is, for example, a microprocessor, or is araeptocessing unit that performs
various processes and arithmetic operations. d®ikeat unit 300 controls the operation
of each component of the dermatoscopy camera@dalng a control program stored in
the ROM and executing the control program on thel GAile using the RAM as a work

memory.
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[0072] The dermatoscopy camera 1 is activatedsiparese to a user operating the
power button 22 (FIGS. 1A and 1B) and receivesrayging mode selected by the user
(step S11) as shown in FIG. 15. As described allbgemaging mode includes a
normal imaging mode for normal imaging, a firstrdatoscopy (DC) imaging mode for
the first dermatoscopy imaging, and a second D@imgamode for the second
dermatoscopy imaging. The dermatoscopy camersplagls three selectable imaging
modes on the touchscreen LCD monitor 11 includekdardisplay 10 shown in FIG. 2.
The user selects one of the three imaging modé&subizing the LCD monitor 11. In
response to the selection, the control unit 3GYaeimaging mode to the selected
imaging mode.

[0073] The control unit 300 determines whethemtbiemal imaging mode is set
(step S12). When the normal imaging mode is s&em S12 (Yes in step S12), the
control unit 300 determines whether the adaptes @@ached to the illumination device

4 (step S13). The determination as to whetheotthe adapter 70 is attached thereto is
made based on the on-off states of the detectitch®s 62. In other words, the control
unit 300 determines that the adapter 70 is detashed the two detection switches 62
protrude from the cover 60 and are in the off stal&hen the two detection switches 62
are retracted and are in the on state, or wheofdhe two detection switches 62 is in the
on state and the other is in the off state, th&ralumnit 300 determines that the adapter 70
is attached. When one of the detection switchedd@# is in the on state, the adapter
70 is attached to the cover 60 incompletely.

[0074] When the control unit 300 determines thatatlapter 70 is detached from
the illumination device 4 in step S13 (No in std@)Sthe LEDs 140 (FIG. 5) for normal
imaging are turned on (step S14). This illuminatésseased skin portion brightly.
[0075] When determining, in step S13, that the etafd) is attached (Yes in step
S13), the control unit 300 indicates that the aafaffd is to be detached (step S17). For

example, the control unit 300 displays a messagédith the adapter” on the LCD
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monitor 11 (FIG. 2) to prompt the user to detaehatiapter 70. This causes the user to
detach the adapter 70 and thus allows the light free LEDs 140 to illuminate the
diseased skin portion brightly during the normadging without being blocked by the
adapter 70.

[0076] Subsequently, in response to the user ha#fsing the shutter button 21
shown in FIG. 1A, the control unit 300 moves theslgroup in the imaging lens system
41 to automatically focus on the target diseasedpsktion within a focus range of P1 to
infinity (step S15). The position P1 is a focwstgposition from which the lens group is
moved to infinity to search for a position at whibke focus is achieved.

[0077] The focus start position P1 will now be démd. The two-dot chain lines
in FIG. 19 indicate virtual images of the composaitthe dermatoscopy camera 1 that
appear on the rear surface 132b of the first alsgecover 132. The virtual images
occur symmetrically to the real components abauteélar surface 132b. More
specifically, a virtual image 41c' of the lens bb#lc at a distance d1 from the rear
surface 132b of the first objective cover 132 os@ppositely at a distance d1 from the
rear surface 132b. Also, virtual images 144’ eflteDs 144 at a distance d2 from the
rear surface 132b of the first objective cover @82ur oppositely at a distance d2 from
the rear surface 132b. Similarly, a virtual image' of the base body 180 at a distance
d3 from the rear surface 132b of the first objectiover 132 occurs oppositely at a
distance d3 from the rear surface 132b. Whenoitsfis adjusted to a position within

a virtual image range D1 in which the virtual imai@ppear on the rear surface 132b, the
distal end of the virtual image 41c' of the lengddal1c, the recesses and protrusions and
various fixtures on the surface of the virtual i@d@0' of the base body 180, or the
virtual images 144" of the LEDs 144 may be in fomod appear in the captured image.
The focus start position P1 is thus set outsideithgal image range D1.

[0078] During normal imaging, the user can viewdistance between a diseased

skin portion as an imaging target and the frorfeser132a of the first objective cover
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132. Thus, in response to the normal imaging rsetlen step S11, the LCD monitor
11 shown in FIG. 2 may display an interval betwiendiseased skin portion and the
first objective cover 132 at which no virtual imag@pears and prompt the user to adjust
the focus position outside the virtual image radge This allows the diseased skin
portion as an imaging target at a position fromftioses start position P1 to infinity, thus
allowing autofocus to be smoothly complete.

[0079] Subsequently, in response to the user dapgethe shutter button 21 shown
in FIG. 1A, the control unit 300 captures an imafjhe diseased skin portion normally
and stores the normally captured image (step SIB)is completes the normal imaging
of the diseased skin portion.

[0080] When determining that the first DC imagingda or the second DC
imaging mode is set in step S11 (No in step Sh&)control unit 300 performs a
dermatoscopy imaging operation (step S20).

[0081] In the dermatoscopy imaging operation (§20), the control unit 300 first
determines whether the first DC imaging mode igsdep S21) as shown in FIG. 16. In
the first DC imaging mode (Yes in step S21), thetrab unit 300 determines whether the
adapter 70 is attached to the illumination devi¢gtdp S22). As described above, the
determination as to whether or not the adaptes @ached thereto is made based on the
on-off states of the detection switches 62. Whetarchining, in step S22, that the
adapter 70 is not attached (No in step S22), thieaaunit 300 performs the first
dermatoscopy imaging operation (step S30).

[0082] In step S22, when determining that the aaaff is attached (Yes in step
S22), the control unit 300 indicates that the aafaffd is to be detached (step S23). This
prompts the user to detach the adapter 70, trawiad the first dermatoscopy imaging
operation (S30) to be performed appropriately withbe adapter 70 attached.

[0083] In the first dermatoscopy imaging operafgtep S30) shown in FIG. 17,

the control unit 300 temporarily adjusts the fopasition on the diseased skin portion as
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an imaging target to P2 (step S31). As shown@ ED, the focus position P2 is
aligned with the front surface 132a of the firgeghbve cover 132 that comes in contact
with the diseased skin portion. The focus can tleusreadjusted to a position to be
aligned with the diseased skin portion as an intatgirget.

[0084] The control unit 300 then turns on the eldhDs 141 (FIG. 8) that emit
visible light (step S32). This brightly illuminat¢he diseased skin portion in contact
with the first objective cover 132 (FIG. 11) witlsible light. Subsequently, in response
to the user half-pressing the shutter button 2%vsho FIG. 1A, the control unit 300
automatically focuses on the diseased skin poasoan imaging target (step S33). As
described above, the focus position is preadjustagosition to be aligned with the
diseased skin portion that comes in contact wetHitkt objective cover 132 in step S31,
thus allowing autofocus to be smoothly completeubsgquently, in response to the user
depressing the shutter button 21 shown in FIGtiécontrol unit 300 performs the first
dermatoscopy imaging of the diseased skin portiohstores the captured image (step
S34). The control unit 300 then turns off the eldgbDs 141 (FIG. 8) (step S35). In
steps S32 to S35, the first dermatoscopy imagipgr®rmed on the diseased skin
portion illuminated with visible light.

[0085] The control unit 300 then turns on the eldhDs 142 (FIG. 8) that emit
visible light to emit light polarized by the polzer plates 117 (FIG. 8) (step S36). This
brightly illuminates the diseased skin portionamtact with the first objective cover 132
(FIG. 11) with the polarized light. The controlit800 then performs the first
dermatoscopy imaging of the diseased skin portiohstores the captured image (step
S37). The control unit 300 then turns off the eldgbDs 142 (FIG. 8) (step S38). In
steps S36 to S38, the first dermatoscopy imagipgr®rmed on the diseased skin
portion illuminated with the polarized light.

[0086] The control unit 300 then turns on the fioDs 143 (FIG. 8) that emit

ultraviolet light (step S39). This brightly illumates the diseased skin portion in contact
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with the first objective cover 132 (FIG. 11) wittraviolet light. The control unit 300
then performs the first dermatoscopy imaging ofdiseased skin portion and stores the
captured image (step S40). The control unit 366 thrns off the four LEDs 143 (FIG.
8) (step S41). In steps S39 to S41, the first deygcopy imaging is performed on the
diseased skin portion illuminated with ultravidight.

[0087] As described above, in the first dermatogeom@ging, a single operation on
the shutter button 21 (FIG. 1A) enables sequentiaing of the diseased skin portion
iluminated with visible light, polarized light, drthen ultraviolet light, as well as storing
of the captured images. The diseased skin pagtiaatomatically adjusted in focus in
step S33, thus eliminating the autofocusing opmraiti the subsequent processing in the
first dermatoscopy imaging.

[0088] As shown in FIG. 16, in the second DC imggmode (No in step S21), the
control unit 300 determines whether the adaptes @@ached to the illumination device
4 (step S24). When at least one of the two detestiitches 62 is retracted and in the
on state, the control unit 300 determines thaattapter 70 is attached (Yes in step S24),
and advances to step S25. When the two detegtitthes 62 are in the off state (No

in step S24), the control unit 300 indicates thatadapter 70 is to be attached (step S26).
For example, the control unit 300 displays a messatgach the adapter” on the LCD
monitor 11 (FIG. 2) to prompt the user to attaghdtapter 70. This causes the user to
attach the adapter 70 and thus allows the seconthtiescopy imaging to be performed
appropriately with the adapter 70 attached.

[0089] When determining that the adapter 70 ixh#d (Yes in step S24), the
control unit 300 determines whether the adaptes poperly attached (step S25).

When the two detection switches 62 are in the @te sthe control unit 300 determines
that the adapter 70 is properly attached (Yesjm SR5) and performs a second
dermatoscopy imaging operation (step S50).

[0090] When determining that the adapter 70 igpnaperly attached in step S25
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(No in step S25), the control unit 300 indicates the adapter 70 is to be reattached (step
S27). For example, the control unit 300 displaysthe LCD monitor 11 (FIG. 2), a
message “The adapter is not properly attached. ttdRbahe adapter. ” and prompts the
user to reattach the adapter 70. This allowsdbersl dermatoscopy imaging operation
(S50) to be performed with the adapter 70 progmtached.

[0091] In the second dermatoscopy imaging operésitmp S50) shown in FIG. 18,
the control unit 300 temporarily adjusts the fopasition on the diseased skin portion as
an imaging target to P3 (step S51). As shown@ EB, the focus position P3 is
aligned with the front surface 72a of the secondabive cover 72 that comes in contact
with the diseased skin portion during the secomohd®scopy imaging. The focus
position can thus be preadjusted to a positior taligned with the diseased skin portion
that comes in contact with the second objectiverca®.

[0092] Subsequently, the control unit 300 turnshenfour LEDs 144 (FIG. 8) that
emit visible light (step S52). The four LEDs 144 bBght sources located nearer the
optical axis OA for the second dermatoscopy imagirithis brightly illuminates the
diseased skin portion in contact with the seconeoatibe cover 72 (FIG. 13) with visible
light. Subsequently, in response to the usergralising the shutter button 21 shown in
FIG. 1B, the control unit 300 automatically focuseghe diseased skin portion as an
imaging target (step S53). As described abovdpthes position is preadjusted to a
position to be aligned with the diseased skin porinat comes in contact with the
second objective cover 72 in step S34. The coatibB0O0 thus allows autofocus to be
smoothly complete. Subsequently, in responsestagbr depressing the shutter button
21 shown in FIG. 1B, the control unit 300 perfotires second dermatoscopy imaging of
the diseased skin portion and stores the captonage (step S54). The control unit 300
then turns off the four LEDs 144 (FIG. 8) (step 5539n steps S52 to S55, the second
dermatoscopy imaging is performed on the disedsegertion illuminated with visible

light.
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[0093] In the subsequent steps S56 to S58, theotomit 300 turns on the LEDs
142 to illuminate the diseased skin portion witlapaed light and performs the second
dermatoscopy imaging. The processing in steps&S68 is the same as the
processing in steps S36 to S38 for the first deyseapy imaging shown in FIG. 17,
except the use of the adapter 70. In the subsesiegs S59 to S61, the control unit
300 turns on the LEDs 143 to illuminate the diséasen portion with ultraviolet light
and performs the second dermatoscopy imaging. pideessing in steps S59 to S61 is
the same as the processing in steps S39 to S#teforst dermatoscopy imaging shown
in FIG. 17, except the use of the adapter 70. dhkteps are thus not described in detail.
[0094] As described above, in the second dermagbygotaging as well, a single
operation on the shutter button 21 (FIG. 1B) ersabdgjuential imaging of the diseased
skin portion illuminated with visible light, polaed light, and then ultraviolet light, as
well as storing of the captured images. The deskakin portion is automatically
adjusted in focus in step S53, thus eliminatingatiitefocusing operation in the
subsequent processing in the second dermatoscaginign

[0095] As described above, the dermatoscopy cainesang the illumination
device 4 according to one or more embodimentsegbtasent disclosure includes the
LEDs 141, 142, and 143 for the first dermatoscopgging arranged outward from the
first inverted region 501b and within the seconeeited region 502b. The LEDs 144
for the second dermatoscopy imaging are arrangeehadifrom the third inverted region
503b and within the fourth inverted region 504b hisTprevents the central area of the
captured image from being affected by light from tEDs 141 to 144 reflected by the
first objective cover 132 and reduces the likelthobimaging being affected by the
reflected light, while avoiding upsizing the dedce

[0096] The LEDs 144 for the second dermatoscopyginggare arranged outward
from the third inverted region 503b that is forntgdnverting, with respect to the

symmetry axis being the line along the front s@fé2a, the third region 503a located
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between the imaginary upper ray 175a and the iraaglower ray 178a being the
outermost upper and lower rays in the pencil of thgt enters the image sensor 44, or
more specifically, outward from the third invertegion 503b located between the
inverted upper ray 175' and the inverted lowerlig§. This arrangement prevents the
central area of a captured image from being affdaydight from the LEDs 144
arranged in this manner reflected by the secorettg cover 72 and reduces the
likelihood of imaging being affected by the refettight.

[0097] The LEDs 144 are arranged within the fourtterted region 504b that is
formed by inverting, with respect to the symmetig &eing the line along the front
surface 72a of the second objective cover 72 aimHf region 504a located between the
imaginary lower ray 176a and the imaginary uppgii@ a, or more specifically, within
the fourth inverted region 504b located betweenrirerted lower ray 176" and the
inverted upper ray 177'. The imaginary lower régd.and the imaginary upper ray
177a are the outermost rays located at the outepusgion among the rays entering the
image sensor 44 from the imaging target. The LEXsare arranged within the region
defined by these outermost rays to avoid upsiriaglevices.

[0098] The LEDs 141, 142, and 143 are located dveay the optical axis OA.

The LEDs 141, 142, and 143 arranged in this masmeeangled to face the first objective
cover 132 and emit light directed toward the futsjective cover 132, thus illuminating
the imaging target brightly without unevenness.

[0099] The LEDs 144 are separately arranged ndaaptical axis OA for the
second dermatoscopy imaging that uses the addpieclidding the second objective
cover 72 with a smaller area. The LEDs 144 ndheeoptical axis OA facilitate
illumination of the second objective cover 72, tallswing the imaging target to be
iluminated brightly without unevenness.

[0100] The base body 180 and the first cover b&dydefining the housing space
A for the first LED board 111 provided with the LED40 are formed from a black
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synthetic resin.  The first cover body 121 covikesdnd faces 111a of the first LED
board 111. In other words, the components (thalanportion 182 of the base body
180 and the inner wall 121c) that define the hauspace A for the light sources for
normal imaging (LEDs 140) and are in the space dtvihe first objective cover 132
(second objective cover 72) and the imager 40aanedld from a material having higher
light absorptivity than the other components (éirgt, LED board 111). The base body
180 and the first cover body 121 thus absorb tigimsmitted through the first LED

board 111, preventing the components (e.g., LE@}¥ d#4he dermatoscopy camera 1
from being illuminated with such light and from a&gping in a captured image.

[0101] The three types of light sources for dersatpy imaging, including the

light source that emits visible light, the lighusce that emits polarized light, and the
light source that emits ultraviolet light, allonetdiseased skin portion to be illuminated
with various rays, thus enabling capturing of insattat are useful in diagnosing the skin
conditions. Additionally, the diseased skin partituminated with visible light,
polarized light, and then the ultraviolet light daimaged in sequence, and the captured
images are stored, thus reducing the operation time

[0102] The focus position on the diseased sking@ods an imaging target is
temporarily set in accordance with the dermatosamaging mode selected by the user
through the LCD monitor 11, or more specificaltyaccordance with the imaging mode
selected from the first DC imaging mode and thers@®C imaging mode in the present
embodiment. This temporary focus position is aseld on the expected position of the
diseased skin portion to be actually imaged, thasiag quick focus adjustment during
actual imaging.

[0103] When the normal imaging mode is selectethbyuser, the focus start
position for the diseased skin portion is set detsie virtual image range D1 in which
virtual images occur due to the components of émmdtoscopy camera 1 appearing on

the first objective cover 132. This prevents tineial images of the distal end of the
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lens barrel 41c, the protrusions and recessesaimls fixtures on the surface of the
base body 180, or the LEDs 144 from appearingarcéptured images, and allows
proper imaging of the diseased skin portion.
[0104] The two detection switches 62 for detectiregadapter 70 are located on the
outer circumferential surface of the cover 60 kovathe control unit 300 to determine
whether the adapter 70 is attached in each imagiagation. This prevents failures to
attach the adapter 70 in the second dermatosc@gmmto be performed with the
adapter 70 attached and failures to detach theexdépin the normal imaging and the
first dermatoscopy imaging to be performed witltbetadapter 70 attached.
[0105] The two detection switches 62 are verticalay from each other with the
optical axis OA between the switches 62 when thmihation device 4 is viewed from
the front. The detection switches 62 away fronhexber in this manner have, for
example, one of the detection switches 62 alotfeeion state when the adapter 70 is
attached incompletely. This facilitates the cdnirot 300 to determine whether the
adapter 70 is properly attached.
[0106] Embodiment 2

An illumination device according to Embodiment2ian imaging device
including the illumination device will now be detbed with reference to FIGS. 20 and
21. The structure in Embodiment 1 reduces théhided of imaging being affected by
reflected light of the LEDs 141, 142, and 143 uedte first dermatoscopy imaging,
while avoiding upsizing the illumination device ddethe dermatoscopy camera 1. The
LEDs 144 used in the second dermatoscopy imagepeated nearer the optical axis
OA to facilitate illumination of the second objeeticover 72 and reduce the reflected
light of the LEDs 144 appearing in the capturedgena The structure in Embodiment 2
further reduces the likelihood of (or prevents)@gmng being affected by the reflected
light. The structure in Embodiment 2 is basictily same as the structure in

Embodiment 1 except the dimensions of the compenerithe components of a
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dermatoscopy camera 400 according to Embodimenat thias given the same reference
numerals as in Embodiment 1.

[0107] As shown in FIG. 20, the dermatoscopy caméfahas the LEDs 141, 142,
and 143 for emitting light during the first dermstopy imaging located more outward
than in Embodiment 1. The LEDs 141, 142, and 1the second LED board 112 and
the fourth LED board 114 arranged within the secowdrted region 502b in
Embodiment 1 are arranged outward from the secomdted region 502b in the present
embodiment. The LEDs 141, 142, and 143 are ardaingbe same manner as in a
cross-sectional view taken along a lateral linenore specifically, the LEDs 141, 142,
and 143 on the third LED board 113 (FIG. 8) andiftreLED board 115 (FIG. 8) are
arranged outward from the second inverted regi@bp50This prevents imaging from
being affected by reflected light of the LEDs 1842, and 143 used in the first
dermatoscopy imaging.

[0108] As shown in FIG. 21, the dermatoscopy camétahas the LEDs 144 for
emitting light during the second dermatoscopy imgdpcated more outward than in
Embodiment 1. The LEDs 144 on the sixth LED bddr@ are outward from the fourth
inverted region 504b. The LEDs 144 on the sixtbli®ard 116 are arranged in the
same manner as in a cross-sectional view takeg altateral line and located outward
from the fourth inverted region 504b. This arrangat prevents a captured image from
being affected by reflected light of the LEDs 144.

[0109] Although the devices are larger in Embodingetihan in Embodiment 1, the
structure in Embodiment 2 prevents a captured irfragebeing affected by reflected
light of the LEDs 141 to 144 and reduces the liad of the captured image being
affected by stray light.

[0110] The present disclosure is not limited todheve embodiments and can be
modified and altered variously. In the above enmtbhedts, the LEDs 141 that emit

visible light during the first dermatoscopy imagerg arranged separately from the
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LEDs 144 that also emit visible light during the@ad dermatoscopy imaging.
However, as shown in FIGS. 22A and 22B, the fiestwhatoscopy imaging and the
second dermatoscopy imaging may commonly use the kght sources that can change
the positions or orientations. The LED boardsdi@ 160 and the LEDs 151 and 161
indicated by the dashed lines in FIGS. 22A and &2Bat positions during the first
dermatoscopy imaging, and the LED boards 150 a@ct@ the LEDs 151 and 161
indicated by the solid lines are at positions dutire second dermatoscopy imaging.
[0111] As shown in FIG. 22A, during the first detoscopy imaging, the LED
boards 150 (dashed line) are positioned outwadifrenLEDs 151 (dashed line) are
angled to face the first objective cover 132. thersecond dermatoscopy imaging, as
indicated by arrows Y1, the LED boards 150 are rdanevard by drive means (not
shown) while changing the postures to allow the £§BB1 to face frontward. During
the second dermatoscopy imaging, the LED board¢stiid line) are thus nearer the
optical axis OA, with the LEDs 151 (solid line) fiag frontward. The LED boards 150
with the LEDs 151 mounted thereon are moved irmbte’e manner to allow the LEDs
151 to serve as light sources for the first derswpy imaging and for the second
dermatoscopy imaging.

[0112] As shown in FIG. 22B, during the first detoscopy imaging, the LED
boards 160 (dashed line) are positioned outwardrendEDs 161 (dashed line) are
angled to face the first objective cover 132. thersecond dermatoscopy imaging, as
indicated by arrows Y2, the LED boards 160 argedthy drive means (not shown) to
have the LEDs 161 facing the second objective coer The LEDs 161 facing the
second objective cover 72 in the above manneritiiata the second objective cover 72
entirely, thus illuminating the diseased skin @orin contact with the second objective
cover 72 brightly without unevenness. In the madescribed above, the LED boards
160 with the LEDs 161 mounted thereon are rotatedldw the LEDs 161 to serve as

light sources for the first dermatoscopy imagingd &m the second dermatoscopy
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imaging.

[0113] In the above embodiments, the control udit 8etermines whether the
adapter 70 is properly attached, and then perfonaging based on the imaging mode
input by the user. In other words, the imaging ensdselected basically through an
input from the user. The imaging mode may be sadadifferently. For example, the
control unit 300 may determine whether the adaffies attached or detached and then
determine the imaging mode without any input froenaser about the imaging mode.
Such an imaging operation will be described witbrence to FIG. 23.

[0114] In the imaging operation (step S70), therbmnit 300 first determines
whether the adapter 70 is attached to the illunoinatevice 4 (step S71). As described
above, the determination as to whether or notdaptar 70 is attached thereto is made
based on the on-off states of the detection svatéBe In step S71, when determining
that the adapter 70 is attached (Yes in step 8¥gontrol unit 300 enters the second
DC imaging mode and performs the second dermatgsc@ying operation in response
to an imaging operation performed by the user S#}). The second dermatoscopy
imaging operation (step S72) is the same as tlomdetermatoscopy imaging operation
(S50) shown in FIG. 18. The control unit 300 mesplady, on the LCD monitor 11
shown in FIG. 2, an indication that the imaging m@ithe DC imaging mode before
advancing to step S72. This informs the useretthrent imaging mode of the
camera.

[0115] When detecting detachment of the adapt€¥ &6 in step S73) after the
second dermatoscopy imaging operation (step S¥g.antrol unit 300 switches to the
normal imaging mode or the first DC imaging mod&he control unit 300 then
performs the normal imaging operation or the @itmatoscopy imaging operation in
accordance with an imaging operation performedbywser (step S74). As described
above, in response to detecting detachment ofidgeter 70, the control unit 300

switches from the second DC imaging mode to thenabimaging mode or the first DC
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imaging mode without any operation input by the usén step S74, the user may select
the normal imaging mode or the first DC imaging snddrough the LCD monitor 11
shown in FIG. 2.

[0116] When detecting attachment of the adapt€lvée in step S75) after the
normal imaging operation or the first dermatosdopgging operation (step S74), the
control unit 300 advances to step S72 and swititlgesnaging mode to the second DC
imaging mode. As described above, in responsetactihg attachment of the adapter
70, the control unit 300 switches from the normaging mode or the first DC imaging
mode to the second DC imaging mode without anyatioerinput by the user.

[0117] When the control unit 300 does not detetaaenent of the adapter 70 in
step S73 (No in step S73), the control unit 30Caremin the second DC imaging mode
without switching the imaging mode and performsstheond dermatoscopy imaging
operation in response to an imaging operation padd by the user (step S72). When
the control unit 300 does not detect attachmetiteoddapter 70 in step S75 (No in step
S75), the control unit 300 remains in the normagmg mode or the first DC imaging
mode without switching the imaging mode.

[0118] When the control unit 300 determines, ipp 8&1, that the adapter 70 is not
attached (No in step S71), the control unit 30@chwes to the normal imaging mode or
the first DC imaging mode and performs the normmalging operation or the first
dermatoscopy imaging operation in accordance witimaging operation performed by
the user (step S74).

[0119] After the normal imaging operation or thwstfidermatoscopy imaging
operation (step S74), the control unit 300 advataetep S71. When determining that
the adapter 70 is not attached (Yes in step S¥d.dntrol unit 300 switches to the
second DC imaging mode. As described above, pors to detecting attachment or
detachment of the adapter 70, the control units3@tches the imaging mode between

the second dermatoscopy imaging operation andattmeahimaging operation or the first
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dermatoscopy imaging operation without any useratjos.

[0120] In the above embodiments, although the teteation switches 62 are used
to detect the adapter 70, any number of detectiinlses 62, for example more than two
detection switches 62, may be used. More thardetection switches 62 allow more
accurate determination on whether the adapter&flacshed. The use of a single
detection switch 62 can simplify the structure.

[0121] In the above embodiments, when the imaginderbeing set does not
correctly correspond to the state of the adaptéeity attached or detached, the LCD
monitor 11 shown in FIG. 2 displays the incorrestne However, other indication
means may inform the user of such an error. Inesaenple, the dermatoscopy camera
1 may include a speaker that outputs a sound aaliges a beep or a voice to inform the
user of an error. In another example, an operatiaihe shutter button 21 or imaging
may be disabled when the imaging mode being setmiatecorrectly correspond to the
state of the adapter 70. The user may be infowhad incorrect operation on the
shutter button 21 by the LCD monitor 11 displayengessage or by the speaker
producing a beep or a voice.

[0122] An incorrect correspondence between theimgagode being set and the
state of the adapter 70 being attached or detambgahot be indicated in all the

situations described above. The indication stepglme eliminated as appropriate.

For example, the indication steps S21 to S23 majilmnated in the first DC imaging
mode shown in FIG. 16, or the indication stepst82P27 may be eliminated in the
second DC imaging mode. The steps S25 and S&dfoating an incorrect

attachment of the adapter 70 may also be eliminated

[0123] Although the detection switches 62 thattareed on and off in response to
physical pressure applied by the adapter 70 ackassmeans for detecting the adapter 70,
other detection means may be used. For examplagtipter 70 and the cover 60

include electrical contacts that come in contath wach other and pass a current when
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the adapter 70 is attached. The detection ofdlagég current allows determination on
whether the adapter 70 is attached.

[0124] In the above embodiments, the light souacesirranged based on the
inverted regions formed by inverting, with respgedhe objective cover as the symmetry
axis, the regions defined by the upper and lowes fram the skin as an imaging target.
However, the light sources at a distance from gtiea axis OA are less likely to appear
in a captured image, thus permitting slight disphaent of the symmetry axis about
which the inverted region is formed. The invergion and the region not inverted
may not be exactly the same and may be slightigrdifit in shape or dimensions.

[0125] The LEDs 141, 142, and 143 may be arrangeglaod from the second
inverted region 502b or arranged, for example, atdvirom an inverted region defined
by imaginary rays using the angle of view of thager 40 during the first dermatoscopy
imaging. The LEDs 144 may also be arranged outérand the fourth inverted region
504b or arranged, for example, outward from anriederegion defined by imaginary
rays using the angle of view of the imager 40 dyitie second dermatoscopy imaging.
This arrangement also reduces the likelihood afpdced image being affected by
reflected light of the LEDs 141 to 144.

[0126] In the embodiments described above, thetdirfourth regions 501a to 504a
and the first to fourth inverted regions 501b tdlb@re truncated conical. However,
depending on the aperture in the lens group, tleggens may be elliptical truncated
conical, rather than being circular truncated canic For an elliptical truncated conical
region, the rays are defined using the major ambnaxes of the ellipse to position the
light sources.

[0127] The illumination device used in the dermebpy camera 1 in the above
embodiment may also be used in other imaging devic€&he illumination device
according to one or more embodiments of the preiscibsure can be used in any

imaging device that illuminates and images an ingatarget on one end nearer a light
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transmissive cover with an imager and a light seorcthe other end. For example, the
ilumination device may be used in an imaging detiat captures images for inspection
of a structure surface or in an imaging device plegiorms imaging while illuminating

an area with a gap into which the imaging devicessrted.

[0128] Although the three types of light sourcasdermatoscopy imaging include
a light source that emits visible light, a lightisze that emits polarized light, and a light
source that emits ultraviolet light, the numbedifferent light sources can be specified
as appropriate in accordance with an imaging targaetone example, the illumination
device may simply include one of these types tit lspurces. In another example, the
illumination device may include more different tgp# light sources including, for
example, a light source that emits near infraigiut.li

[0129] Although the LEDs 144 that emit visible ligar the second dermatoscopy
imaging using the adapter 70 are located neareptiel axis OA, the illumination
device may or may not include such a light souncéhfe second dermatoscopy imaging.
Other types of light sources may be located nélaeeoptical AX for the second
dermatoscopy imaging, such as a light source this @olarized light and a light source
that emits ultraviolet light. Thus, the light sces for the first dermatoscopy imaging
may include all the different types of light souw,cand the light sources for the second
dermatoscopy imaging may also include all the ahffelight sources.

[0130] The second cover 130 with the first objextover 132 is attachable and
detachable with screws, and the adapter 70 witegbend objective cover 72 is
attachable and detachable with a hooked engageneenber. However, the imaging
device may include other attachment and detachmeanhs. For example, the second
cover 130 and the adapter 70 may pivot on a pkistteetween the position at which the
front of the imaging device is covered and thetmrsat which the front of the imaging
device is uncovered.

[0131] For the second dermatoscopy imaging, althdkig adapter 70 is attached
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with the second cover 130 attached as shown in&;ltae second cover 130 may be
detached before the adapter 70 is attached. [his&tes the second cover 130 for the
first dermatoscopy imaging located between thetaddp and the imager 40 during the
second dermatoscopy imaging, thus facilitatingiéegn of the dermatoscopy camera 1
suitable for the second dermatoscopy imaging. ame lthe second cover 130 detached
reliably for the second dermatoscopy imaging, do®sd cover 130 may have a larger
outer diameter or a protrusion to prevent the @t from being attached over the
second cover 130. The adapter 70 may have exthreatls on the bottom (rear end) to
be engaged with the internal threads 121e (FIGn%e inner wall 121c.

[0132] The second cover 130 with the first objextrover 132 may not be
detachable, and may be fixed to, for example,itbiecover 120 (FIG. 5). In another
example, the second cover 130 may be integraltiatffirst cover 120 (FIG. 5). This
simplifies the structure of the dermatoscopy cartiera

[0133] When the focus position on the imaging taige the virtual image range
D1 during the normal imaging, an operation on thetsr button 21 or imaging may be
disabled. In this case, the LCD monitor 11 mapldisan image that prompts moving
the dermatoscopy camera 1 further away from thgimgaarget. This allows the user
to image the imaging target from an appropriatéipaswvithout causing a virtual image
to appear.

[0134] Although a single operation on the shuttétdn 21 enables imaging to be
repeated using different types of light sourcestemilight in sequence during
dermatoscopy imaging, one or more light sourcesifgge by the user may be used to
emit light for dermatoscopy imaging.

[0135] The adapter 70 for imaging narrow areapi®oal. An imaging device
that is not designed for imaging narrow areas tannate the adapter 70. Such an
imaging device not designed for the second dermmgpgsmaging can eliminate the light

source for the second dermatoscopy imaging (e&dpsl144).
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[0136] Although the base body 180 and the firsecdody 121 defining the
housing space A for the first LED board 111 arenfedt from, for example, a black
synthetic resin to avoid illuminating the interadrithe dermatoscopy camera 1 with light
from the light sources for normal imaging (LEDs J14Be base body 180 and the first
cover body 121 may be formed from a synthetic resanother color that easily absorbs
light. To reduce light leakage to the interiotled dermatoscopy camera 1, the base
body 180 and the first cover body 121 separatiaggiace A from the space B shown in
FIG. 9 may include other structures that approggidilock light from the light sources
located in the space A for normal imaging.

[0137] For example, as shown in FIG. 9, the outdiase Al of the first cover

body 121 and the outer surface A2 of the base b8@ymay be mirror-finished to reflect
light L1 and light L2, thus preventing light fromtering the first cover body 121 and the
base body 180. For mirror-finishing, known mirfimishing techniques can be used,
such as a silver film or chrome plating appliethtosurface. As described above, the
first cover body 121 and the base body 180 incutigit reflection means with higher
light reflectivity may reduce light leakage to theerior of the dermatoscopy camera 1.
[0138] In another example, a commercially availabéesking tape, rubber plate, or
metal plate may be attached to the outer surfacef &fe first cover body 121 and the
outer surface A2 of the base body 180 to block figim the light sources (LEDs 140).
[0139] In still another example, the first covedipd 21 and the base body 180 may
be formed from a lightproof material, for examgitem a metal such as aluminum or
stainless steel, or from a black rubber material.

[0140] As described above, the base body 180 anfirsh cover body 121
separating the housing space A from the spacel@&lmdght blocking means for
blocking light to reduce leakage of light from ttEeDs 140 located in the housing space
A for normal imaging to the distal end of the I&asrel 41c or to the space B housing the

LEDs 141, 142, 143, and 144 for dermatoscopy ingagitYarious light blocking means
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described above may be used.
[0141] The foregoing describes some example embmusvior explanatory
purposes. Although the foregoing discussion hesgmted specific embodiments,
persons skilled in the art will recognize that desimay be made in form and detall
without departing from the broader spirit and soofge invention.  Accordingly, the
specification and drawings are to be regarded itlustrative rather than a restrictive
sense. This detailed description, therefore, tisaoe taken in a limiting sense, and the
scope of the invention is defined only by the ideld claims, along with the full range of
equivalents to which such claims are entitled.
[0142] This application claims the benefit of JagmmPatent Application No.
2019-66958, filed on March 29, 2019, and JapanassPApplication No. 2019-98137,
filed on May 24, 2019, of which the entirety of tisclosures is incorporated by
reference herein.

Industrial Applicability
[0143] The technique according to one or more emfexats of the present
disclosure is particularly useful for allowing psvpmaging of a target by reducing the
likelihood of imaging being affected by reflecteght of a light source.

Reference Signs List

[0144]
1 Dermatoscopy camera
2 Controller
3 Camera body
4 lllumination device
10 Display
11 LCD monitor
20 Body

21  Shutter button
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22
30
40
41
41a
41b
41c
43
44
45
46
47
48
50
60
61
62
62a
70
70a
71
71a
71b
72
72a

a7

Power button

Circuit board

imager

Imaging lens system
First imaging lens
Second imaging lens
Lens barrel

Wiring circuit board
Image sensor
Infrared cut filter
Ultraviolet transmissive filter
Polarization filter
Flexible circuit board
Frame

Cover

Protrusion

Detection switch
Spring

Adapter

Inner wall

Cylinder

Opening

Hooked portion
Second objective cover

Front surface

73, 74 Second objective cover area

74a

Darker area
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100 Illlumination device body
110 Base

111 to 116 First to sixth LED boards
116a Barrel insertion hole
117 Polarizer plate

120 First cover

121 First cover body

121a Cover portion

121b Outer wall

121c Inner wall

121d light releasing hole
121e Internal thread

122 Translucent plate

130 Second cover

131 Cylinder

131a Opening

131b External thread

132 First objective cover
132a Front surface

132b Rear surface

140to 144 LED

150 LED board

151 LED

160 LED board

161 LED

171, 173, 175, 177 Upper ray
171", 173", 175", 177" Inverted upper ray
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172,174, 176, 178 Lower ray
172',174', 176', 178’ Inverted lower ray
180 Base body

181 Cylindrical portion

182 Annular portion

182 Board mounting surface
183 to 186 First to Fourth walls
187 Connection part

188 Fifth wall

188b Barrel insertion hole
189 Screw

200 Storage

300 Control unit

400 Dermatoscopy camera
404  lllumination device
501a First region

501b First inverted region
502a Second region

502b Second inverted region
503a Third region

503b Third inverted region
504a Fourth region

504b Fourth inverted region
A Housing space

D1 Virtual image range

P1 Focus start position

P2, P3 Focus position



S1,S2 Skin
OA Optical axis

rltord Region

50



10

15

20

25

51

CLAIMS

1. An illumination device for an imager for imagia target, the illumination
device comprising:

an objective cover including a light transmissivember, the objective cover
being configured to direct light from the targethie imager to allow the imager to image
the target; and

at least one light source located nearer the intaga the objective cover to
illuminate the target through the objective cover,

wherein the imager includes an image sensor amefitto image the target and an
imaging lens configured to form an image of thgeéion the image sensor, and

the at least one light source is located outwanah fan inverted region that is a
region formed by substantially inverting, toward tmager and with respect to the
objective cover, a region defined by predetermiagd of rays nearer the target from the
objective cover in a pencil of rays, the pencilayfs entering, through the imaging lens,
the image sensor from the target in contact wihothjective cover and in focus with the

imaging lens.

2. The illumination device according to claimvherein
the predetermined rays include an upper ray ldetan outermost position
among a plurality of upper rays included in theqdesf rays and a lower ray located at

an outermost position among a plurality of lowgssrmcluded in the pencil of rays.
3. The illumination device according to claimvherein
the predetermined rays include outermost raysddcat outermost positions

among a plurality of rays included in the pencitafs.

4. The illumination device according to any ohelaims 1 to 3, wherein
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the inverted region is a region formed by substiyinverting the region defined
by the predetermined rays toward the imager arfure#ipect to a surface of the

objective cover adjacent to the target.

5. The illumination device according to any ohelaims 1 to 4, wherein
the at least one light source includes a plurafitight sources arranged
symmetrical to one another about an optical axiee@fmager in a direction orthogonal

to the optical axis of the imager.

6. The illumination device according to claimbierein
each of the plurality of light sources is locate@mit light directed toward the

objective cover to focus on an overall area obibjective cover.

7. The illumination device according to claimr%pwherein
the plurality of light sources include at lease dype of light source selected from
the group consisting of a light source to emitbleslight, a light source to emit

ultraviolet light, and a light source to emit patad light of visible light.

8. The illumination device according to claimnvherein

the objective cover includes a first objectiveeroand a second objective cover,
and at least one of the first objective cover ergcond objective cover is selectively
usable,

the first objective cover has a predeterminedldirsa being an area of a surface
orthogonal to an optical axis of the imager,

the second objective cover has a predeterminetidecea being an area of a
surface orthogonal to the optical axis of the innaged the second area is smaller than

the first area,
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the at least one light source includes at leasfiost light source to illuminate the
target through the first objective cover and astleae second light source to illuminate
the target through the second objective cover,

the at least one first light source is locatedvant from a first inverted region that
is a region formed by substantially inverting, tosvlhe imager and with respect to the
first objective cover, a region defined by firstgetermined rays of rays nearer the target
from the first objective cover in a pencil of raifse pencil of rays entering, through the
imaging lens, the image sensor from the targedmtact with the first objective cover
and in focus with the imaging lens, and

the at least one second light source is locatetaod from a second inverted
region that is a region formed by substantiallyentimg, toward the imager and with
respect to the second objective cover, a regianateby second predetermined rays of
rays nearer the target from the second objectiveran a pencil of rays, the pencil of
rays entering, through the imaging lens, the inssgesor from the target in contact with

the second objective cover and in focus with thegimg lens.

9. The illumination device according to claimerein

the first predetermined rays include an uppefaegted at an outermost position
among a plurality of upper rays included in theqidesf rays and a lower ray located at
an outermost position among a plurality of lowgssrencluded in the pencil of rays, the
pencils of rays entering, through the imaging lémsjmage sensor from the target in
contact with the first objective cover and in foeuth the imaging lens and

the second predetermined rays include an uppdocated at an outermost
position among a plurality of upper rays includethie pencil of rays and a lower ray
located at an outermost position among a plurafitpwer rays included in the pencil of
rays, the pencil of rays entering, through the Imgugns, the image sensor from the

target in contact with the second objective cowneria focus with the imaging lens.
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10. The illumination device according to clainwBierein

the first predetermined rays include outermost fagated at outermost positions
among a plurality of rays included in the pencitafs, the pencil of rays entering,
through the imaging lens, the image sensor frontettget in contact with the first
objective cover and in focus with the imaging lears]

the second predetermined rays include outermygstoeated at outermost
positions among a plurality of rays included in pieacil of rays, the pencil of rays
entering, through the imaging lens, the image sdr@m the target in contact with the

second objective cover and in focus with the imgégns.

11. The illumination device according to any ohelaims 8 to 10, wherein

the first inverted region is a region formed blgstantially inverting the region
defined by the first predetermined rays towardrnteger and with respect to a surface of
the objective cover adjacent to the target, and

the second inverted region is a region formedubgtantially inverting the region
defined by the second predetermined rays towanintager and with respect to the

surface of the objective cover adjacent to thestarg

12. The illumination device according to any ohelaims 8 to 11, wherein

the at least one first light source includes agtity of first light sources each
located to emit light directed toward the firsteattive cover and focus on an overall area
of the first objective cover, and

the at least one second light source includesralipy of second light sources each
located to emit light directed toward the secone@dailve cover and focus on an overall

area of the second objective cover.
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13. The illumination device according to claim wherein

the plurality of first light sources and the pliyeof second light sources include
common light sources, and

the common light sources selectively functiorhasiurality of first light sources
or the plurality of second light sources by chaggpositions of the common light
sources relative to the first objective cover erskcond objective cover or changing an

angle of light emitted from each of the commontligpurces.

14. The illumination device according to any ohelaims 8 to 13, wherein
the at least one first light source includesattiene type of light source selected
from the group consisting of a light source forhleslight, a light source for ultraviolet

light, and a light source for polarized light oénale light.

15. Animaging device for imaging skin of a hunhbaaly as a target, the
imaging device comprising:

the illumination device according to any one afras 1 to 14; and

the imager,

wherein the objective cover included in the illnation device comes in contact

with the skin to be imaged with the imaging device.

16. Animaging device for imaging skin of a hunhbaaly as a target, the
imaging device comprising:

the illumination device according to any one afras 8 to 14; and

the imager,

wherein the first objective cover is at a top @fst cover included in the
illumination device, and the first cover is cyliru,

the second objective cover is at a top of a secower being cylindrical,
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the second cover includes, in a portion other thartop, attachment and
detachment means for attaching and detaching toadeover to and from the
ilumination device,

the first objective cover is used as the objeatorer to be in contact with the skin,
with the second cover detached from the illumimatievice with the attachment and
detachment means, and

the second objective cover is used as the obgectiver to be in contact with the
skin, with the second cover attached to the illatdm device with the attachment and

detachment means and covering the first cover.

17. The imaging device according to claim 1@k comprising:

setting means for selectively setting, in accocdasmith an operation performed by
a user of the imaging device, an imaging mode ag&rthe target with the imager to one
of a plurality of imaging modes including a firstaging mode to image the target
iluminated by the at least one first light soungthout the at least one second light
source and a second imaging mode to image the titugenated by the at least one
second light source without the at least oneligist source;

detection means for detecting the second coeestate attached or detached to or
from the illumination device; and

indication means for informing, in response teast one of conditions being
satisfied, the user that the at least one condgisatisfied, the conditions including the
detection means detecting the second cover attéoltieel illumination device and the
imaging mode set to the first imaging mode, andi#tection means detecting the
second cover detached from the illumination deartdthe imaging mode set to the

second imaging mode.

18. The imaging device according to claim 1@k comprising:
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setting means for selectively setting, in accocdasmith an operation performed by
a user of the imaging device, an imaging mode ag&rthe target with the imager to one
of a plurality of imaging modes including a firstaging mode to image the target
iluminated by the at least one first light soungthout the at least one second light
source and a second imaging mode to image the titugenated by the at least one
second light source without the at least oneligit source; and

detection means for detecting attachment and et of the second cover to
and from the illumination device,

wherein the setting means switches the imagingentmthe second imaging mode
in response to the detection means detecting attatof the second cover to the
illumination device in a state where the imaginglm set to the first imaging mode,
and switches the imaging mode to one of the ptyrafimaging modes other than the
second imaging mode in response to the detectiansreetecting detachment of the
second cover from the illumination device in aesta@here the imaging mode is set to the

second imaging mode.



