wo 2016/121298 A1 |10 0000 RO O A A A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 2016 /1 21 298 Al
4 August 2016 (04.08.2016) WIPOIPCT

(51) International Patent Classification: (72) Inventors: IWASAKI, Shogo; C/O CANON KA-
GO3B 17/04 (2006.01) GO3B 17/18 (2006.01) BUSHIKI KAISHA,30-2, Shimomaruko 3-chome, Ohta-
GO3B 17/02 (2006.01) HO4N 5/225 (2006.01) ku, Tokyo, 1468501 (JP). KAMIYA, Jun; C/O CANON
. .. KABUSHIKI KAISHA,30-2, Shimomaruko 3-chome,

(21) International Application Number: Ohta-ku, Tokyo, 1468501 (JP)

PCT/IP2016/000044 > > ’
. . ) (74) Agent: TAKAOKA, Ryoichi; Takaoka IP Law, Ikebukuro
(22) International Filing Date: ; 2016 (06.01. 2016 Tosei Building, 5th Floor, 5-4-7 Nishi Ikebukuro, Toshi-

anuary 2016 (06.01.2016) ma-ku, Tokyo, 1710021 (JP).

(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(71) Applicant: CANON KABUSHIKI KAISHA [JP/JP]; 30- HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,

2, Shimomaruko 3-chome, Ohta-ku, Tokyo, 1468501 (JP).

KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

[Continued on next page]

(54) Title: ELECTRONIC DEVICE

IFig. 34]

IKig. 38]

[Fig. 3C1

I¥ig. 301

(57) Abstract: An imaging apparatus includes a movable unit in which a display unit is
rotatable by a hinge part in an opening and closing direction with respect to a device
body. A magnet is disposed in the vicinity of the hinge part and an opening and closing
sensor detects the opening and closing of the movable unit by detecting a magnetic field
of the magnet. A magnetizing direction of the magnet is a direction perpendicular to an
opening and closing axis of the movable unit, the opening and closing sensor detects the
magnetic field in a direction perpendicular to the opening and closing axis, and a control
unit obtains a detection signal of the opening and closing sensor and controls a display
state of the display unit.



WO 2016/121298 A1 |IIWAT 00T T Y A A

84)

PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every

kind of regional protection available): ARTIPO (BW, GH,

GM, KF, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2016/121298 PCT/JP2016/000044

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

Description

Title of Invention: ELECTRONIC DEVICE
Technical Field

The invention relates to an electronic device including a movable display unit.

Background Art

Conventionally, there has been a device having a display unit that is openable,
closable, and rotatable with respect to a device body in a digital camera, a video
camera, and the like. The device performs inversion processing of an image displayed
on the display unit in vertical and horizontal directions according to an opening and
closing state or a rotating state of the display unit, and performs switching processing
between turning on and turning off of a light. Additionally, a magnet and a magnetic
sensor are used for detecting the opening and closing or the rotation of the display unit.
This is because this can save a space and improve non-contact reliability. In Patent
Literature 1, a device that uses the magnetic sensor for detecting each of the opening
and closing and the rotation and then switching a display state of the display unit is

disclosed.
Citation List

Patent Literature

Patent Literature 1: Japanese Patent Laid-Open No. 2012-42743

In the prior art disclosed in the Patent Literature 1, when the design change of the
detection angle of the display unit is performed, it is difficult to intuitively understand
how a desired angle is obtained by changing any of the parameters, and the redesign
for a desired detection angle is necessary after repeating, for example, simulations. Ad-
ditionally, there may be cases where increasing the outer size is necessary for
achieving the desired detection angle.

Summary of Invention

In an electronic device having a movable display unit, the invention facilitates the
magnetic detection of opening and closing of a display unit and the design of an
opening and closing detection angle without increasing the size of device.

An electronic device according to the invention comprises a body unit; a movable
unit; a two-axis rotation means that connects the body unit and the movable unit; a
magnetic field generating means disposed in the movable unit; a first magnetic sensor,
which is disposed in the body unit, detects a magnetic field generated by the magnetic
field generating means and outputs a signal; and a second magnetic sensor that is
disposed in the body unit, detects a magnetic field generated by the magnetic field

generating means and outputs a signal, wherein the two-axis rotation means has a first
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axis and a second axis orthogonal to the first axis, wherein the magnetic field
generating means generates a magnetic field orthogonal to the first axis direction,
wherein the first magnetic sensor is disposed to detect a magnetic field in the first axis
direction, wherein the second magnetic sensor detects a magnetic field in a direction
orthogonal to the first axis, and wherein the first magnetic sensor and the second
magnetic sensor are disposed to align in the first axis direction in the vicinity of the

first axis.
According to the invention, it is possible to magnetically detect the opening and

closing of the display unit without increasing the size of the electronic device,
including the movable display unit, and is possible to easily design the opening and
closing detection angle of the display unit.

Further features of the invention will become apparent from the following description
of exemplary embodiments with reference to the attached drawings.
Brief Description of Drawings

FIGs. 1A and 1B are perspective views illustrating external views of an imaging
apparatus according to an embodiment of the invention.

FIG. 2 is a perspective view illustrating an imaging apparatus in a state in which a
movable display unit of FIG. 1 opens.

FIGs. 3A to 3D illustrate the operations of the movable display unit of FIG. 1 and the
arrangement of each sensor and a magnet.

FIGs. 4A to 4C illustrate display states in each operation of the movable display unit
of FIG. 3.

FIG. 5 is a block diagram illustrating a configuration example of the imaging
apparatus of the present embodiment.

FIG. 6 is arear view of the imaging apparatus of the present embodiment.

FIGs. 7A to 7C illustrate details of the arrangement of an opening and closing sensor,
a rotation sensor, and the magnet of the present embodiment.

FIGs. 8A to 8C illustrate relations between an operation of the movable display unit
and magnetic flux density detected by each sensor in the present embodiment.

FIGs. 9A to 9C illustrate an imaging apparatus according to a modification.
Description of Embodiments

Hereinafter, a detailed description will be given of preferred embodiments of the
invention with reference to the accompanying drawings. FIGs. 1A and 1B are external
views that illustrate an imaging apparatus that includes a digital camera as one
example of an electronic device according to the embodiment of the invention. FIG.
1A is a perspective view when an imaging apparatus 100 is viewed from the front side,

and FIG. 1B is a perspective view when the imaging apparatus 100 is viewed from the
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rear side. FIG. 1A illustrates a device body of the imaging apparatus 100 in a state in
which an attachable and detachable shooting lens is removed. Note that a description
will be given of a positional relation of each unit by defining a subject side as the front
side. The imaging apparatus 100 includes a movable display unit (hereinafter, referred
to as “movable unit”) 40. FIG. 2 is a perspective view that illustrates the movable unit
40 in an open state at the rear of the imaging apparatus 100.

A shutter button 61 shown in FIG. 1A is an operation member that configures an
operation unit for performing a shooting instruction by a user. A mode switching
switch 60 is an operation member for switching between various modes. Terminal
covers 91 positioned on the side of the imaging apparatus 100 protects a connector (not
illustrated), for example, a connection cable that connects between an external device
and the imaging apparatus 100. A main electronic dial 71 is a rotation operation
member provided on the upper surface of a grip part 90. The user rotates the main
electronic dial 71, and can perform, for example, the change of various setting values,
including a shutter speed and an aperture value.

A power switch 72 shown in FIG. 1B is an operation member that is used when the
user switches the power of the imaging apparatus 100 between ON and OFF. A sub
electronic dial 73 is a rotation operation member positioned on the rear of the imaging
apparatus 100, and is used when the user performs operations, for example, a
movement of a selection frame and image feeding. A SET button 75 is a push button
and is mainly used for determining a selection item. A multi controller 76 can be tilted
in vertical and horizontal directions, and the operation in each direction is possible. An
enlargement button 77 is an operation button that is used when the user performs the
ON or OFF operation of an enlargement mode and changes a magnification during the
enlargement mode in a live-view (hereinafter, also referred to as “LV”) display in a
shooting mode. The enlargement button 77 functions to enlarge a play image in a play
mode and increase the magnification. A play button 78 is an operation button used
when the user switches between the shooting mode and the play mode. The mode
transits to the play mode when the user depresses the play button 78 during the
shooting mode. An LV lever 92 is an operation member used when the user performs
switching between a still image shooting mode and a movie shooting mode. An LV
button 93 is an operation member used when the user switches the live view display
ON and OFF in the still image shooting mode. In the movie shooting mode, the LV
button 93 is used to command the start and stop of the movie shooting (recording).

A quick return mirror 12 shown in FIG. 1A is a movable optical member provided
inside of the device body, and is commanded from a system control unit (reference
numeral 30 in Fig. 5) and rotated by an actuator (not illustrated). A communication

terminal 10 is a communication terminal for performing the communication between a
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shooting lens unit (not illustrated) and the device body in a state in which the shooting
lens unit is mounted on the imaging apparatus 100. An eyepiece finder 16 shown in
FIG. 1B is a viewfinder for confirming a focusing state of the subject image and a
layout through the lens unit by the user’s observation of a focusing screen (not il-
lustrated). A lid 202 that is positioned on the side surface of the device body is an
opening and closing lid for a slot for attaching and detaching a recording medium. The
grip part 90 is a grasping part having a shape that is easy to grasp with the right hand
when the user holds the imaging apparatus 100.

As shown in FIG. 2, the movable unit 40 includes an LCD (liquid crystal display)
panel 41. The movable unit 40 is attached to the device body by a two-axis rotating
mechanism. That is, the movable unit 40 is rotatably supported by a hinge unit 43 in
the horizontal opening and closing direction around an opening and closing axis 45,
and is rotatably supported in a rotational direction around a rotation axis 46. In FIG. 2,
the longitudinal direction of the LCD panel 41, which serves as a display unit,
represents the horizontal direction, and the direction of the opening and closing axis 45
represents the vertical direction. The rotation axis 46 is an axis that extends in a
direction orthogonal to the opening and closing axis 45 (the longitudinal direction of
the LCD panel 41).

An accommodation surface part 44 is a part at which the movable unit 40 faces the
device body during accommodation, and is a concave bottom surface part provided in a
rear cover 19 in the open state. The rear cover 19 includes a locking claw 47 and can
be locked when the movable unit 40 is accommodated in the rear cover 19. The accom-
modation surface part 44 includes an elastic member 48. When the movable unit 40 is
in a closed state and is being locked by the locking claw 47, the elastic member 48
transitions to a compression state and urges the movable unit 40 to the locking claw 47.
Hereinafter, concerning the state of the opening and closing and the rotation of the
movable unit 40, the opening and closing angle of 0 degrees and the rotation angle of 0
degrees are provided in a state in which the LCD panel 41 is accommodated in the ac-
commodation surface part 44 to face each other (see FIG. 1B). The upper limit value of
the opening and closing angle is at 175 degrees , and the range of the rotation angle is
up to 180 degrees in the +direction and up to 90 degrees in the —direction shown in
FIG. 2.

FIGs. 3A to 3D are perspective views illustrating different states when the opening
and closing operation of the movable unit 40 is performed. FIGs. 4A to 4C illustrate
the states of the display screen of the LCD panel 41 during the LV shooting in each
state shown in FIG. 3A to 3D. An opening and closing sensor 50 and a rotation sensor
51 that detect the operating state of the movable unit 40 are arranged inside of the

device body. The opening and closing sensor 50 detects the opening and closing of the
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movable unit 40, and the rotation sensor 51 detects the rotation of the movable unit 40.
FIGs. 3A to 3D illustrate the movable unit 40 and the device body in a state in which
they are partially transparent. A giant magneto resistance (GMR) element that detects a
magnetic field parallel to a mounting surface is used for the opening and closing sensor
50 and the rotation sensor 51. Additionally, a magnet 52 for causing the sensors 50 and
51 to react is disposed inside of the movable unit 40. The magnet 52 provided for
generating a magnetic field is disposed near the end of the hinge unit 43 side in the
longitudinal direction of the movable unit 40.

FIG. 3A is a perspective view illustrating a closed state of the movable unit 40,
which shows a state having the opening and closing angle of 0 degrees, and the
rotation angle of O degrees. In the movable unit 40 in this state, the LCD panel 41 is
accommodated so as to face the accommodating surface part 44. When the closed state
is detected by a closing detection sensor (reference numeral 31 in FIG. 5), the LCD
panel 41 is turned off by the control of the system control unit (reference numeral 30 in
Fig. 5). When the user is going to open the movable unit 40 around the opening and
closing axis 45 in this state, the closed state detection by the closing detection sensor
transits to “OFF” at a predetermined angle. At this time, the LCD panel 41 transits to a
state in which the light is turned on by the control of the system control unit.

FIG. 3B is a perspective view illustrating an open state of the movable unit 40, which
shows a state having the opening and closing angle of 175 degrees and the rotation
angle of 0 degrees. This state shows that the movable unit 40 fully opens around the
opening and closing axis 45, and the display state of the LCD panel 41 at this time
hereinafter is referred to as “normal display”. FIG. 4A illustrates the LCD panel 41 of
the normal display. When the user rotates the movable unit 40 in the +direction around
the rotation axis 46 from the state shown in FIG. 3B, the opening and closing sensor 50
and the rotation sensor 51 detect the magnetic field of the magnet 52 at a prede-
termined angle. Subsequently, when the user further rotates the movable unit 40 in the
+direction, the state transitions to the state shown in FIG. 3C.

FIG. 3C is a perspective view illustrating a state in which the display surface is
directed to the front side in the open state of the movable unit 40, which shows the
state having the opening and closing angle of 175 degrees and the rotation angle of
+180 degrees. This state shows that the movable unit 40 is fully rotated at +180
degrees around the rotation axis 46. The opening and closing sensor 50 and the rotation
sensor 51 have detected the magnetic field of the magnet 52, and the display state of
the LCD panel 41 is illustrated so as to be seen from the front side in Fig. 4B. The
display on the LCD panel 41 is controlled by the system control unit and transits from
the normal display to a vertically inverted display (mirror image display when viewed

by the photographer), and consequently a display suitable for a self-portrait photograph
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by a photographer is obtained. When the user is going to close the movable unit 40
around the opening and closing axis 45 from the state in FIG. 3C, the opening and
closing sensor 50 no longer detects the magnetic field of the magnet 52 at a prede-
termined angle, and only the rotation sensor 51 detects the magnetic field of the
magnet 52. Subsequently, when the user further closes the movable unit 40, the state
transitions to the state shown in FIG. 3D.

FIG. 3D is a perspective view illustrating a state in which the movable unit 40 is in
the closed state and the display surface is directed backward, having the opening and
closing angle of 0 degrees and the rotation angle of +180 degrees. This state shows that
the movable unit 40 is accommodated in the recess of the rear cover 19 so that the pho-
tographer can see the LCD panel 41 of the movable unit 40, and only the rotation
sensor 51 is detecting the magnetic field of the magnet 52. The display state of the
LCD panel 41 at this time is shown in FIG. 4C. The display on the LCD panel 41 is
controlled by the system control unit, and the display transits from the normal display
to a vertically and horizontally inverted display. This is an appearance and a sense of
use similar to an electronic device attached with a display unit on its back, not having
the movable unit 40.

Next, a description will be given of a principal part of the configuration of the
imaging apparatus 100 with reference to FIG. 5. FIG. 5 is a block diagram in relation
to a display control of the LCD panel 41. The system control unit 30 controls the entire
imaging apparatus 100, and integrally controls an image display and an imaging
operation and the like. An operation unit 32 includes, for example, the shutter button
61 and a main electronic dial 71, and is provided with various operation members as an
input unit that accepts an operation from the user. A control program and the like are
stored in a memory 33, and the system control unit 30 uses the program and data. The
closing detection sensor 31, the opening and closing sensor 50, and the rotation sensor
51 output respective detection signals to the system control unit 30. The system control
unit 30 obtains the detection signals output from each sensor and performs a display
control of the LCD panel 41.

With reference to FIG. 6 and FIGs.7A to 7C, a detailed description will be given of
the arrangement of the opening and closing sensor 50, the rotation sensor 51, and the
magnet 52. FIG. 6 is a view when the imaging apparatus 100 in the state shown in FIG.
3D is viewed from the rear side. In this state, the longitudinal direction of the
rectangular display screen is defined as the X-axis direction. The direction orthogonal
to the X-axis direction in the drawing of FIG. 6 is defined as the Y-axis direction, and
the direction orthogonal to the drawing is defined as the Z-axis direction. FIG. 7A is a
detailed view of arange 101 shown in FIG. 6, wherein, while the periphery of the

opening and closing sensor 50, the rotation sensor 51, and the magnet 52 are enlarged,
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the other areas are not shown. In FIG. 7A, the horizontal direction shows the X-axis
direction, and the vertical direction shows the Y-axis direction. Additionally, FIG. 7B
is a cross-sectional view along with a line A-A in FIG. 7A. In FIG. 7B, the horizontal
direction shows the X-axis direction and the vertical direction shows the Z-axis
direction. FIG. 7C is a perspective view, and each of the X-axis, Y-axis, and Z-axis di-
rections is as shown in the drawing.

As shown in FIG. 6, the opening and closing sensor 50 and the rotation sensor 51 are
arranged on the opening and closing axis, and they each detect the magnetic field of
the magnet 52. In FIG. 7A, the left side of the magnet 52 is the north pole and the right
side thereof is the south pole , and the magnet 52 is disposed so as to have a magne-
tization direction in the X-axis direction. The opening and closing sensor 50 and the
magnet 52 are arranged on the same plane perpendicular to the opening and closing
axis 45.

The opening and closing sensor 50 and the rotation sensor 51 are mounted on an FPC
(flexible printed board) 53. The FPC 53 is affixed to a resin component 54 by a
double-sided tape. As shown in FIG. 7B, the mounting surface and the affixed surface
of the opening and closing sensor 50 in the resin component 54 has a tilt (see angle of
0) to the XY plane. In other words, the opening and closing sensor 50 is mounted in a
tilted state, and the angle of 0 indicates an angle between the mounting surface and the
affixed surface of the opening and closing sensor 50 with respect to the X-axis
direction when viewed from the Y-axis direction. As shown by the direction of an
arrow 55 in FIG. 7B, the opening and closing sensor 50 is arranged to detect the
magnetic field in a direction having a predetermined tilt angle of 0 in the XZ plane.
That is, the opening and closing sensor 50 is capable of detecting a magnetic field
parallel to the mounting surface. Additionally, as shown by the direction of an arrow
56 in FIG. 7A, the rotation sensor 51 is arranged to detect the magnetic field in a
direction parallel to the mounting surface and the opening and closing axis 45 (Y-axis
direction).

The measurement center of the magnetic field detection for both of the opening and
closing sensor 50 and the rotation sensor 51 is located on the opening and closing axis
45 of the movable unit 40. The distance between the measurement center of the
magnetic field detection of the opening and closing sensor 50 and the rotation axis 46
of the movable unit 40 equals or is nearly equal to the distance between the center of
the magnet 52 and the rotation axis 46 of the movable unit 40. The reason is that the
opening and closing sensor 50 more strongly detects the magnetic field of the magnet
52. Additionally, in this arrangement, the rotation sensor 51 is positioned where the
measurement center of the magnetic field detection most strongly receives the

magnetic field of the magnet 52 on the opening and closing axis 45, and is positioned
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off from the opening and closing sensor 50 by a predetermined distance.

Next, a description will be given of a relation between a movement of the movable
unit 40 and the magnetic flux density detected by each sensor, with reference to FIGs.
8A to 8C. FIG. 8A illustrates a change of the magnetic flux density detected by the
rotation sensor 51 when the movable unit 40 is moved from the state in FIG. 3B to the
state in FIG. 3C.

The horizontal axis represents a rotation angle of the movable unit 40 (unit: degree)
and the vertical axis represents the magnetic flux density detected by the rotation
sensor 51 (unit: mT). In FIG. 8A, a threshold of the magnetic flux density detected by
the rotation sensor 51 is also shown, and when the magnetic flux density exceeds the
threshold, ON-detection is provided, and when the magnetic flux density is equal to or
less than the threshold, OFF-detection is provided.

During the transition from the state of FIG. 3B to the state in FIG. 3C, the opening
and closing angle is fixed at 175 degrees, and the rotation angle changes from 0
degrees to +180 degrees. In this case, because the magnetic flux density by the magnet
52 exceeds a threshold of the rotation sensor 51 in the vicinity of the rotation angle of
165 degrees, the rotation sensor 51 outputs an ON signal. In contrast, although the ro-
tational angle gradually changes from O degrees to -90 degrees when the movable unit
40 is rotated in the reverse direction, the magnetic flux density by the magnet 52 does
not exceed the threshold of the rotation sensor 51, and thus the rotation sensor 51
outputs an OFF signal.

FIG. 8B illustrates the change of the magnetic flux density detected by the opening
and closing sensor 50 when the movable unit 40 is moved from the state shown in FIG.
3D to the state in FIG. 3C. The horizontal axis represents an opening and closing angle
of the movable unit 40 (unit: degree), and the vertical axis represents the magnetic flux
density detected by the opening and closing sensor 50 (unit: mT). In FIG. 8B, a
threshold of the magnetic flux density detection by the opening and closing sensor 50
is also shown, and when the magnetic flux density is over the threshold, OFF-detection
is provided, and when the magnetic flux density is equal to or less than the threshold,
ON-detection is provided.

During the transition from the state of FIG. 3D to the state in FIG. 3C, the rotation
angle is fixed at +180 degrees, and the opening and closing angle changes from 0
degrees to 175 degrees. In this case, because the magnetic flux density due to the
magnet 52 is less than the threshold of the opening and closing sensor 50 in the vicinity
of the rotation angle of 163 degrees, the opening and closing sensor 50 outputs an ON
signal. If the value of the opening and closing detection angle is requested to be
changed, the tilt of the attachment of the opening and closing sensor 50 (angle of 0 in
Fig. 7B) may be changed. For example, if the value of the opening and closing
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detection angle is requested to be changed from in the vicinity of 163 degrees to in the
vicinity of 170 degrees, the tilt angle of O of the resin component 54 shown in FIG. 7B
is changed so as to be increased. In this case, it may be possible that a magnetic
detection direction is rotated at approximately 7 degrees in the XZ plane without
changing the measurement center position of the opening and closing sensor 50. Ac-
cordingly, simulations and the like are not necessary when the opening and closing
detection angle is changed to a desired angle, and an intuitive and easy design is
possible. Additionally, according to this configuration, the response is possible by only
changing the tilt angle of the attachment without changing the position of the opening
and closing sensor 50, and thereby, for example, not to affect an external part or not to
cause increasing the size of the device.

FIG. 8C illustrates the change of the magnetic flux density detected by the rotation
sensor 51 when the movable unit 40 is moved from the state shown in FIG. 3D to the
state in FIG. 3C. The horizontal axis represents the opening and closing angle of the
movable unit 40 (unit: degree), and the vertical axis represents the magnetic flux
density detected by the rotation sensor 51 (unit: mT). In FIG. 8C, a threshold of the
magnetic flux density detection by the rotation sensor 51 is also shown, and when the
magnetic flux density exceeds the threshold, ON-detection is provided, and when the
magnetic flux density is equal to or less than the threshold, OFF-detection is provided.

During the transition from the state of FIG. 3D to the state in FIG. 3C, the rotation
angle is fixed at +180 degrees, and the opening and closing angle changes from 0
degrees to 175 degrees. As shown in FIG. 8C, because the magnetic flux density by the
magnet 52 is always over the threshold of the rotation sensor 51, the rotation sensor 51
outputs an ON signal. This is because the magnet 52 and the rotation sensor 51 are
arranged so as not to change the relation between the magnetization direction of the
magnet 52 and the magnetic field detecting direction of the rotation sensor 51 due to
the opening and closing of the movable unit 40. Note that because the magnet 52 and
the two sensors (50 and 51) are operated while sufficiently maintaining the distance
between them during the transition of the state from FIG. 3A to Fig. 3B, neither sensor
detects the magnetic flux density that exceeds the threshold.

Table 1 shows the detection state of each sensor, and the display states of the LCD
panel 41 at that time.
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[Table 1]
The state The The state | The state
of FIG. 3A state cf | of FIG. 3C | of FIG. 3D
FIG. 3B
The state of | Turning off
display unit the light Vertical
(by the Normal Vertical and
closing display | inversion | horizontal
detection inversion
sensor)
Detection of
the opening
OFF OFF ON OFF
and closing
sensor
Detection of N
the rotation OFF OFF ON ON
sensor

[0041]

[0042]

[0043]

When the movable unit 40 is in the state of FIG. 3A, the LCD panel 41 is in a state in
which the light is turned off by the detection of the closing detection sensor 31, and as
described above, the opening and closing sensor 50 and the rotation sensor 51 are both
in the state of OFF-detection. When the movable unit 40 is in the state of FIG. 3B, the
LCD panel 41 is in the normal display state, and as described above, the opening and
closing sensor 50 and the rotation sensor 51 are both in the state of OFF-detection. The
system control unit 30 controls the LCD panel 41, and accordingly performs the
normal display including an image captured by the image sensor.

When the movable unit 40 is in the state of FIG. 3C, the LCD panel 41 displays the
image captured by the image sensor and the like in a vertically inverted state,
according to the control of the system control unit 30. In this state, a display that is
suitable for a self-portrait photograph by a photographer is obtained, and as described
above, the opening and closing sensor 50 and the rotation sensor 51 are both in the
state of ON-detection.

When the movable unit 40 is in the state of FIG. 3D, the LCD panel 41 displays the
image captured by the image sensor and the like in a vertically and horizontally
inverted state, according to the control of the system control unit 30. That is, an ap-
pearance and sense of use similar to an electronic device attached with a display unit

on the back, not having the movable unit 40 is provided. In this case, the opening and
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closing sensor 50 is in the state of OFF-detection and the rotation sensor 51 is in the
state of ON-detection as described above. Note that Table 1 does not describe a case in
which the opening and closing sensor 50 is in the state of ON-detection and the
rotation sensor 51 is in the state of OFF-detection. In this case, in the movable unit 40,
the LCD panel 41 is in the state of normal display.

As described above, according to the present embodiment, in the operating state
detection of the movable unit 40, it is possible to intuitively and easily change the
opening and closing detection angle by the opening and closing sensor 50 by devising
a layout of the opening and closing sensor 50 and the magnet 52. Therefore, it is
possible to easily perform the design of the opening and closing detection angle of the
display unit using magnetic sensors without increasing the size of the electronic
device. Additionally, according to the present embodiment, it is possible to share the
magnet 52 for the opening and closing sensor 50 and the rotation sensor 51. In the
present embodiment, although an arrangement example in which the detection angle of
the opening and closing sensor 50 is set for the state of the movable unit 40 having the
opening and closing angle of 175 degrees and the rotation angle of +180 degrees, the
invention is not limited thereby. A modification will be described below.
Modification

FIG. 9A to 9C illustrate an imaging apparatus according to the modification. FIG. 9A
is a rear view of the imaging apparatus, and illustrates the magnet 52 in the movable
unit 40 in a transparent state. In this state, the longitudinal direction of the movable
unit 40 is defined as the X-axis direction. The direction orthogonal to the X-axis
direction in the drawing of FIG. 9A is defined as the Y-axis direction, and the direction
orthogonal to the drawing is defined as the Z-axis direction. FIG. 9B is an enlarged
view of arange 102 shown in FIG. 9A, wherein, while the periphery of the opening
and closing sensor 50 and the magnet 52 are enlarged, the other areas are not shown. In
FIG. 9B, the horizontal direction is the X-axis direction, and the vertical direction is
the Y-axis direction. FIG. 9C is a sectional view taken along with a line B-B shown in
FIG. 9B, wherein the horizontal direction shows the X-axis direction, and the vertical
direction shows the Z-axis direction.

In the modification, the opening and closing sensor 50 and the magnet 52 are
arranged to approach each other in a state in which the movable unit 40 has the
opening and closing angle of 0 degrees and the rotation angle of O degrees. Addi-
tionally, in FIG. 9B, the left side of the magnet 52 is the north pole and the right side
thereof is the south pole, and disposed to have a magnetization direction in the X-axis
direction. The measurement center of the magnetic field detection of the opening and
closing sensor 50 is positioned on the opening and closing axis 45. As indicated by the

direction of the arrow 56 in FIG. 9C, the opening and closing sensor 50 is arranged to
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detect the magnetic field in a direction having a predetermined angle w in the XZ
plane. When viewed from the Y-axis direction, the angle w indicates an angle between
the mounting surface and the attachment surface of the opening and closing sensor 50
with respect to the X-axis direction, and in this example, the angle is an obtuse angle.
In this configuration, a case in which, for example, the opening and closing angle is 10
degrees or less and the magnetic flux density by the magnet 52 exceeds the threshold
of the opening and closing sensor 50 is assumed. In the state having the opening and
closing angle of 0 degrees and the rotation angle of O degrees, the opening and closing
sensor 50 transitions to the state of ON-detection. If the opening and closing angle has
exceeded 10 degrees, the opening and closing sensor 50 transitions to the state of OFF-
detection. The system control unit 30 determines the closing detection of the movable
unit 40 due to the ON-detection of the opening and closing sensor 50, and controls the
LCD panel 41 so as to be turned off. Also in this case, the opening and closing
detection angle can be easily changed by only rotating the magnetic field detecting
direction of the opening and closing sensor 50 in the XZ plane.

While the embodiments of the invention have been described with reference to
exemplary embodiments, it is to be understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the following claims is to be accorded
the broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2015-012898
filed January 27, 2015 which is hereby incorporated by reference herein it their

entirety.
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Claims

An electronic device comprising:

a body unit;

a movable unit;

a two-axis rotation means that connects the body unit and the movable
unit;

a magnetic field generating means that is disposed in the movable unit;
a first magnetic sensor that is disposed in the body unit, detects a
magnetic field generated by the magnetic field generating means, and
outputs a signal; and

a second magnetic sensor that is disposed in the body unit, detects a
magnetic field generated by the magnetic field generating means, and
outputs a signal,

wherein the two-axis rotation means has a first axis and a second axis
orthogonal to the first axis,

wherein the magnetic field generating means generates a magnetic field
orthogonal to the first axis direction,

wherein the first magnetic sensor is disposed to detect a magnetic field
in the first axis direction,

wherein the second magnetic sensor detects a magnetic field in a
direction orthogonal to the first axis, and

wherein the first magnetic sensor and the second magnetic sensor are
disposed so as to align in the first axis direction in the vicinity of the
first axis.

The electronic device according to claim 1,

Wherein, if the movable unit is rotated around the first axis, the output
of the second magnetic sensor changes without a change of the output
of the first magnetic sensor, and

Wherein, if he movable unit is rotated around the second axis in the
protruding state, the output of the first magnetic sensor changes.

The electronic device according to claim 2,

wherein the movable unit has a display surface that can display an
image,

wherein the movable unit inverts the vertical and horizontal directions
of the image displayed on the display surface, based on the output of
the first magnetic sensor, and

wherein the movable unit inverts the horizontal direction of the image
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[Claim 5]
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displayed on the display surface, based on the output of the second
magnetic sensor.

The electronic device according to claim 3, further comprising:

a detection means that detects that the movable unit is accommodated
in the body unit,

wherein, if the detection means detects that the movable unit is ac-
commodated in the body unit without detecting the magnetic field
generated by the magnetic generating means by the first magnetic
sensor, the image is not displayed.

The electronic device according to claim 1,

wherein the first magnetic sensor and the second magnetic sensor are
an MR (magnetic resistance) element.

The electronic device according to claim 1,

wherein the magnetic field generating means and the second magnetic
sensor are arranged so as to align in a direction orthogonal to the first

axis in the vicinity of a line orthogonal to the first axis.
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[Fig. 1A]

[Fig. 1B]
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[Fig. 2]
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[Fig. 3A]

[Fig. 3B]
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[Fig. 3C]

[Fig. 3D]
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[Fig. 4C]
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[Fig. 5]
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[Fig. 9B]
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