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Description

Title of Invention: SENSOR UNIT, ARMOR BODY FOR SENSOR
MODULE, ELECTRONIC DEVICE, AND MOVING OBJECT

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

Technical Field

The present invention relates to a sensor unit, an armor body for a sensor module,
and an electronic device and a moving object including the sensor unit, and the like.
Background Art

For example, PTL 1 discloses a sensor module that aligns and houses a module
including a three-axis gyro sensor for detecting angular velocities of three axes that
cross one another. The sensor module is excellent in that the sensor module can easily

and accurately position the module while enabling a reduction in size.
Citation List

Patent Literature
PTL 1: JP-A-2012-251802
Summary of Invention

Technical Problem

When a user attaches the sensor module of this type to an object to be detected such
as an electronic device or a moving object, the user sometimes has to secure envi-
ronmental resistance in the sensor module. Examples of the environmental resistance
include water resistance, pressure resistance, and shock resistance.

Therefore, it is preferable for the user to form the sensor module as a sensor unit in
which the sensor module is housed in an armor body having environmental resistance
rather than securing environmental resistance of the sensor module on the object to be
detected side.

However, to attach the sensor module described in PTL 1 or the sensor unit in which
the sensor module is housed in the armor body to the object to be detected, detection
axes of the sensor module need to be aligned in specific directions of the object to be
detected.

Solution to Problem

An advantage of some aspects of the invention is to provide a sensor unit that can un-
equivocally decide, when an armor body for securing environmental resistance in a
sensor module is attached to an object to be detected such as an electronic device or a
moving object, relative positions of detection axes of the sensor module with respect to
the object to be detected, and the electronic device and the moving object including the

Sensor unit.
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(1) An aspect of the invention relates to a sensor unit including: a sensor module
including a first plane and a second plane that crosses the first plane; and an armor
body configured to house the sensor module. The armor body includes: a first
reference inner plane for positioning the first plane of the sensor module; a first
reference outer plane parallel to the first reference inner plane and provided on an outer
surface of the first reference inner plane; a second reference inner plane for positioning
the second plane of the sensor module; and a second reference outer plane parallel to
the second reference inner plane and provided on an outer surface of the second
reference inner plane.

According to the aspect of the invention, the first plane and the second plane of the
sensor module are positioned by the first reference inner plane and the second
reference inner plane. Therefore, a relative position of the sensor module with respect
to the armor body is unequivocally decided. The armor body includes the first
reference outer plane and the second reference outer plane respectively parallel to the
first reference inner plane and the second reference inner plane. When the first
reference outer plane and the second reference outer plane are positioned with respect
to an object to be detected to which the sensor unit is attached, a relative position of the
sensor unit with respect to the object to be detected is unequivocally decided.
Therefore, a relative position of the sensor module with respect to the object to be
detected is also unequivocally decided. Consequently, since a relation between the first
plane and the second plane of the sensor module and detection axes is fixed, relative
positions of the detection axes of the sensor module with respect to the object to be
detected are unequivocally decided.

(2) In one aspect of the invention, the sensor module includes a first detection axis
and a second detection axis that crosses the first detection axis, the first reference inner
plane is parallel to a plane defined by the first detection axis and the second detection
axis, and the second reference inner plane is parallel to the first detection axis. Con-
sequently, relative positions of the first and second detection axes of the sensor module
with respect to the object to be detected are unequivocally decided.

(3) In one aspect of the invention, the armor body includes a bottom wall and a
plurality of sidewalls erected on the bottom wall, and the sensor module is housed in
an internal space surrounded by the bottom wall and the plurality of sidewalls. Con-
sequently, it is possible to provide a sensor unit excellent in environmental resistance.

(4) In one aspect of the invention, in the armor body, the first reference inner plane is
provided on a bottom surface on the internal space side. Consequently, it is possible to
set, for example, a plane including the first detection axis and the second detection axis
and the first reference inner plane of the sensor unit to be parallel to each other.

Therefore, relative positions of the first and second detection axes of the sensor module
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with respect to the object to be detected are decided.

(5) In one aspect of the invention, in the armor body, the second reference inner
plane is provided on a side surface on the internal space side. Consequently, relative
positions of the first detection axis or the second detection axis of the sensor module
with respect to the object to be detected is unequivocally decided.

(6) In one aspect of the invention, the armor body includes a step on a bottom surface
on the internal space side, and the second reference inner plane is provided on a side
surface of the step. Therefore, by setting the width and the height of the second
reference inner plane small in a range necessary for positioning, it is possible to form
the second reference inner plane on a plane having an area smaller than an area of the
second reference inner plane formed on an inner wall surface of any one of outer walls
itself of the armor body. Consequently, it is possible to reduce a machining area in
machining the second reference inner plane to achieve perpendicularity to the bottom
wall.

(7) In one aspect of the invention, a connector electrically connected to the sensor
module is provided. Consequently, it is possible to easily electrically connect the
sensor module and an external apparatus.

(8) In one aspect of the invention, in the armor body, a plane for positioning the
sensor module is provided on at least one of both sides of the second reference inner
plane. Then, when the sensor module is attached to the armor body, a setting position
of the sensor module is unequivocally decided. Consequently, it is possible to prevent
the sensor module from deviating from the second reference inner plane or make it
easy to recognize that the sensor module has deviated from the second reference inner
plane.

(9) Another aspect of the invention relates to an armor body for a sensor module that
houses the sensor module. The armor body includes: a first reference inner plane for
positioning a first plane of the sensor module housed in the armor body; a first
reference outer plane parallel to the first reference inner plane and provided on an outer
surface of the first reference inner plane; a second reference inner plane for positioning
a second plane of the sensor module housed in the armor body; and a second reference
outer plane parallel to the second reference inner plane and provided on an outer
surface of the second reference inner plane.

According to the aspect of the invention, the first plane and the second plane of the
sensor module housed in the armor body can be positioned by the first reference inner
plane and the second reference inner plane of the armor body. Therefore, a relative
position of the sensor module with respect to the armor body is unequivocally decided.
The armor body includes the first reference outer plane and the second reference outer

plane respectively parallel to the first reference inner plane and the second reference
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inner plane. When the first reference outer plane and the second reference outer plane
are positioned with respect to an object to be detected to which the sensor unit is
attached, a relative position of the sensor unit with respect to the object to be detected
is unequivocally decided. Therefore, a relative position of the sensor module with
respect to the object to be detected is also unequivocally decided. Consequently, since
a relation between the first plane and the second plane of the sensor module and the
detection axes is fixed, relative positions of the detection axes of the sensor module

with respect to the object to be detected are unequivocally decided.
(10) Still another aspect of the invention relates to an electronic device including the

sensor unit described in any one of (1) to (9).

(11) Yet another aspect of the invention relates to a moving object including the
sensor unit described in any one of (1) to (9).

In the electronic device and the moving object according to the aspect of the
invention, it is possible to unequivocally decide detection axes of the sensor module
with respect to the electronic device and the moving object.

Brief Description of Drawings

[fig.1]Fig. 1 is a perspective view of a sensor unit according to a first embodiment of
the invention.

[fig.2]Fig. 2 is a plan view showing a state in which a lid of the sensor unit shown in
Fig. 1 is removed.

[fig.3]Fig. 3 is a perspective view of a sensor module incorporated in the sensor unit
shown in Fig. 1.

[fig.4]Fig. 4 is a plan view of an armor body of the sensor unit shown in Fig. 1.
[fig.5]Fig. 5 is a V-V sectional view of Fig. 4.

[fig.6]Fig. 6 is a right side view of the armor body shown in Fig. 4.

[fig.7]Fig. 7 is an enlarged plan view for explaining planes formed at both ends of a
second reference inner plane.

[fig.8]Fig. 8 is a schematic sectional view of a sensor unit according to a second em-
bodiment of the invention.

[fig.9]Fig. 9 is a diagram showing an example of an electronic device including a gyro
Sensor.

[fig.10]Fig. 10 is a diagram showing another example of the electronic device
including the gyro sensor.

[fig.11]Fig. 11 is a diagram showing an example of a moving object including a gyro

Sensor.
Description of Embodiments

Preferred embodiments of the invention are explained in detail below. Note that the
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embodiments explained below do not unduly limit contents of the invention described
in the appended claims. All of components explained in the embodiments are not
always essential as means for solution of the invention.

1. First Embodiment

1.1. Overview of a sensor unit

As shown in Fig. 1, a sensor unit 1A according to this embodiment includes, for
example, a waterproof armor body 10A. The armor body 10A can be formed of metal,
for example, aluminum. The armor body 10A includes a housing 100A and a lid 106.
As shown in Fig. 2 in which the lid 106 is removed from the sensor unit 1A, a sensor
module 20 and a connector 30 shown in Fig. 3 are arranged in the housing 100A.
Among a plurality of wall sections forming the armor body 10A including the housing
100A and the 1id 106, a wall section in which an opening 110 (see Fig. 6) for exposing
the connector 30 to the outside is formed is referred to as first wall section 101. The
connector 30 is fixed to and supported by a connector board 300 supported by the
housing 100A. The connector 30 is a five-pin connector for connecting each of a
plurality of sensor units to an external controller by a bus, for example, a CAN
(Controller Area Network) bus. Electronic components for executing a protocol of a
CAN can be mounted on the connector board 300.

As shown in Fig. 3 and Fig. 4, which is a V-V sectional view of Fig. 3, the housing
100A includes a bottom wall (a second wall section) 102 and the first wall section 101,
a third wall section 103, a fourth wall section 104, and a fifth wall section 105 that
vertically stand from the bottom wall 102. The lid 106 is a sixth wall section.

When orthogonal (crossing) three axes are represented as X, Y, and Z, the first wall
section 101 and the third wall section 103 are opposed to each other in a Y direction.
The fourth wall section 104 and the fifth wall section 105 are opposed to each other in
an X direction. The second wall section (the bottom wall) 102 and the sixth wall
section (the lid) 106 are opposed to each other in a Z direction. In the armor body 10A
in this embodiment, a space between the housing 100A and the lid 106 and a space
between the opening 110 and the connector 30 are sealed by, for example, gaskets to
secure a waterproof structure.

1.2. Sensor module

The sensor module 20 includes, as shown in Fig. 3, an interior body 200 arranged in
the armor body 10A. The interior body 200 is formed of resin and does not have envi-
ronmental resistance. The interior body 200 includes a bottom body 210 and a housing
220. An outer wall surface on which the bottom body 210 is exposed in the Z direction
is referred to as first plane 211. An outer wall surface on which the bottom body 210 is
exposed in the X direction is referred to as second plane 212. The first and second

planes 211 and 212 function as reference planes for positioning when the sensor
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module 20 is attached to the armor body 10A.

As the sensor module 20, for example, the structure disclosed in PTL 1 can be used.
A square frame-like holding member is provided on the inside of the interior body 200.
A mounting board mounted with a sensor element is held by the holding member. The
mounting board is obtained by coupling a rigid board and a flexible board. The
mounting board forms a plane in an expanded state. A sensor element including at least
first and second detection axes parallel to two axes (X and Y axes) or first to third
detection axes parallel to three axes (X, Y, and Z axes) is mounted on the mounting
board. The flexible board is bent. The rigid board and the flexible board are attached to
a supporting member while being maintained parallel to the detection axes. The sensor
element detects at least one of accelerations in directions extending along the detection
axes and accelerations around the detection axes. In this embodiment, the sensor
module 20 includes a three-axis acceleration sensor and a three-axis gyro sensor.

In the structure of PTL 1, alignment sections are provided at the four corners of the
bottom body (the holding member) 210. The alignment sections position the
supporting member with respect to the bottom body 210 in the X, Y, and Z-axis di-
rections and the directions round the axes. That is, a plane defined by the first detection
axis and the second detection axis is positioned to be parallel to the first plane (an X-Y
plane) 211 of the sensor module 20. The first detection axis is positioned to be parallel
to the second plane of the sensor module 20. The third axis is positioned to be or-
thogonal to (cross) the first plane 211.

The sensor module 20 includes cutout holes 213 and 214 for attachment in two
places located on a diagonal in plan view of the bottom body 210. A relay board 215
can be attached to, for example, a side surface in the Y direction of the sensor module
20. The relay board 215 relays the rigid board and the flexible board on the inside of
the interior body 200 and the connector board 300. The sensor element is provided on
the rigid board and the flexible board on the inside of the interior body 200. An
amplifier configured to amplify an analog signal from the sensor element, an A/D
converter configured to convert the analog signal into a digital signal, a micro
controller, a nonvolatile memory, a direction sensor (a magnetic sensor), or the like can
be mounted on the rigid board and the flexible board on the inside of the interior body
200 or the relay board 215. An internal connector 216 configured to connect the
connector board 300 and the relay board 215 can be provided on the relay board 215.

1.3. Positioning of the sensor module and the armor body and positioning of the
sensor unit and an object to be detected

The housing 100A of the armor body 10A includes a first reference inner plane 102B
for positioning the first plane 211 of the sensor module 20. The first reference inner

plane 102B is formed on the inner surface of the bottom wall (the second wall section)
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102. The housing 100A of the armor body 10A includes a first reference outer plane
102A parallel to the first reference inner plane 102B. The first reference outer plane
102A is formed on the outer surface of the bottom wall (the second wall section) 102.

The housing 100A of the armor body 10A includes a second reference inner plane
120 for positioning the second plane 212 of the sensor module 20. The housing 100A
can include a step surface 121 parallel to the bottom wall (the second wall section)
102. In this case, the second reference inner plane 120 can be formed on a surface (a
vertical surface) that connects the inner surface 102B of the bottom wall 102 and the
step surface 121. Further, a second reference outer plane 103A is formed on the outer
surface of the third wall section 103 parallel to the second reference inner plane 120.

When the sensor module 20 is attached to the housing 100A of the armor body 10A,
the first and second planes 211 and 212 of the sensor module 20 are positioned on the
first and second reference inner planes 102B and 120 of the housing 100A and bolts,
onto which washers are inserted, are inserted into the cutout holes 213 and 214 (Fig. 3)
to attach the sensor module 20 to the housing 100A of the armor body 10A.

The housing 100A of the armor body 10A includes, as shown in Figs. 2 and 5, cutout
holes 131 to 134 for attachment at the four corners. When the sensor unit 1A is
attached to an object to be detected, the first and second reference outer planes 102A
and 103A of the housing 100A are positioned on the object to be detected and bolts,
onto which washers are inserted, are inserted into the cutout holes 131 to 134 to fasten
the sensor unit 1A to the object to be detected.

As indicated by a chain line in Fig. 5, the first plane 211 and the second plane 212 of
the sensor module 20 are positioned on the first reference inner plane 102B and the
second reference inner plane 120 formed in the housing 100A of the armor body 10A.
Consequently, a relative position of the sensor module 20 with respect to the armor
body 10A is unequivocally decided. The armor body 10A includes the first reference
outer plane 102A and the second reference outer plane 103A respectively parallel to
the first reference inner plane 102B and the second reference inner plane 120. When
the first reference outer plane 102A and the second reference outer plane 103A are po-
sitioned with respect to the object to be detected to which the sensor unit 1A is
attached, a relative position of the sensor unit 1A with respect to the object to be
detected is unequivocally decided. Therefore, a relative position of the sensor module
20 with respect to the object to be detected is also unequivocally decided. Con-
sequently, since a relation between the first plane 211 and the second plane 212 of the
sensor module 20 and the detection axes is fixed, relative positions of the detection
axes of the sensor module 20 with respect to the object to be detected are un-
equivocally decided.

A plane defined by the first detection axis and the second detection axis of the sensor
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module 20 can be set parallel to the bottom wall 102 of the armor body 10A. If the first
reference outer plane 102A of the armor body 10A is positioned on the object to be
detected, the plane defined by the first detection axis and the second detection axis of
the sensor module 20 is parallel to an X-Y plane defined by the object to be detected.
The second reference inner plane 120 and the second reference outer plane 103A are
parallel to the first detection axis of the sensor module 20. Consequently, the first to
third detection axes of the sensor module 20 are also parallel to the X, Y, and Z axes
set concerning the object to be detected.

In this embodiment, the second reference inner plane 120 is formed on a surface that
connects the inner surface 102B of the bottom wall 102 and the step surface 121. In
this way, the width and the height of the second reference inner plane 120 are set suf-
ficiently small in a range necessary for positioning and the second reference inner
plane 120 can be formed on a plane having an area smaller than an area of the second
reference inner plane 120 formed on an inner wall surface of any one of the wall
sections 101 and 103 to 105 itself of the armor body 10A. Consequently, it is possible
to reduce a machining area in machining the second reference inner plane 120 to
achieve perpendicularity to the bottom wall 102. This is because, since the second
reference inner plane 120 is used for positioning of the second plane 212 of the sensor
module 20, more highly accurate perpendicularity is sometimes requested. In this case,
the perpendicularity of the second reference inner plane 120 is secured by shaving.
Since a machining area in shaving the second reference inner plane 120 is small as
explained above, a machining time can be reduced.

The metal housing 100A can be machined by shaving a metal material. Alternatively,
the metal housing 100A may be molded by a die. In particular, in the molding, since
draft angles are formed on the second reference inner plane 120 and the second
reference outer plane 103A and perpendicularity is inferior, it is preferable to carry out
additional shaving for improving the perpendicularity.

In this embodiment, as shown in Fig. 4, inner surfaces 104B and 105B of the fourth
and fifth wall sections 104 and 105 are coupled to an inner surface 103B of the third
wall section 103 via inclined inner walls 107 and 108 inclined with respect to the X
axis in plan view. A space between the inclined inner walls 107 and 108 decreases
toward the inner surface 103B of the third wall section 103. Therefore, width W1 (see
Fig. 7) in the Y direction of the second reference inner plane 120 arranged between the
inclined inner walls 107 and 108 in plan view is set slightly larger than width W2 (see
Fig. 7) in the Y direction of the sensor module 20. Height H between an inner surface
102B of the bottom wall 102 and the step surface 121 shown in Fig. 5 can also be set
small in a range in which positioning can be performed (e.g., H=Imm). In this way, an

area (W1*H) of the second reference inner plane 120 can be reduced.
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In this embodiment, as shown in Fig. 7 in enlargement, the sensor module 20 can
include surfaces 120A and 120B, which cross the second reference inner plane 120, at
both ends in a direction in which the second reference inner plane 120 of the housing
100A extends in parallel to the Y direction. The surfaces 120A and 120B can be
formed by curved surfaces. Then, when the sensor module 20 is attached to the
housing 100A, if a Y-direction position of the sensor module 20 deviates as shown in
Fig. 7, the sensor module 20 interferes with one of the surfaces 120A and 120B. Con-
sequently, it is possible to make it easy to visually and sensibly recognize that the
sensor module 20 has deviated from the second reference inner plane 120. The surfaces
120A and 120B are not limited to the curved surfaces and may be formed of the
inclined inner walls 107 and 108 themselves.

The surfaces 120A and 120B may be guide planes that vertically stand from the
second reference inner plane 120 toward the Y direction. The guide surfaces 120A and
120B prevent the sensor module 20 from deviating from the second reference inner
plane 120. Position accuracy in the Y direction of the sensor module 20 is demanded in
this way in order to set a Y-direction position of the third detection axis (the Z axis) of
the sensor module 20. For example, the third detection axis (the Z axis) can be set on a
center axis CL of the housing 100A shown in Fig. 2.

In this embodiment, as shown in Fig. 2, Fig. 4, and Fig. 5, the first wall section 101
and the third wall section 103 are opposed to each other in the X direction. Therefore,
as shown in Fig. 2, the second reference inner plane 120 parallel to the second
reference outer plane 103A formed in the third wall section 103 is orthogonal to
(crosses) the center axis CL of the connector 30 (the center axis CL of the housing
100A). On the other hand, it is also possible to set the second reference inner plane 120
on one of the inner surfaces 104B and 105B of the fourth and fifth wall sections 104
and 105 shown in Fig. 2. However, in that case, the sensor module 20 is arranged
closer to one side than the center axis CL of the connector 30 (the center axis CL of the
housing 100A). A weight balance of the sensor unit 1A is deteriorated. In this em-
bodiment, it is easy to align the center axis CL of the connector 30 (the center axis CL
of the housing 100A) and the center axis of the sensor module 20. It is possible to
configure the sensor unit 1A having good weight balance.

In this embodiment, as shown in Fig. 2, the second plane 212 of the sensor module
20 is formed on a surface opposed to the third wall section 103 of the housing 100A.
Then, the second reference inner wall plane 120 for positioning the second plane 212
of the sensor module 20 and the second reference outer plane 103A formed in the third
wall section 103 of the housing 100A can be arranged close to each other. Dimensional
accuracy (parallelism) between the second reference inner plane 120 and the second

reference outer plane 103A is easily achieved. Moreover, it is possible to reduce the
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length of the sensor unit 1A in the Y direction in which the connector 30 projects and
reduce the size of the sensor module 20.

In this embodiment, as shown in Fig. 2, the connector board 300 can be supported
along the X direction parallel to the first wall section 101 between the first wall section
101 and the sensor module 20. Then, the length of the first wall section 101 is designed
according to the length of the connector board 300. In that case, the position of the
second reference outer plane 103A formed in the third wall section 103 opposed to the
first wall section 101 and the position of the second reference inner plane 120 do not
depend on the length of the first wall section 101. That is, a basic design concept of the
first and second reference inner planes 102B and 120 and the like for positioning the
first and second planes 211 and 212 of the sensor module 20 is not changed.

In this embodiment, as shown in Fig. 2, the relay board 215 is arranged in the sensor
module 20 between one of the fourth wall section 104 and the fifth wall section 105
and the sensor module 20. As explained above, it is easy to secure spaces on both sides
in the X direction of the sensor module 20 in Fig. 2. In this way, it is possible to attach
the relay board 215 to the sensor module 20 making use of a space secured between
one of the fourth wall section 104 and the fifth wall section 105 and the sensor module
20. It is undesirable to arrange the relay board 215 in one of the first wall section 101
and the third wall section 103 and the sensor module 20 because the Y-direction length
of the armor body 10A is increased.

2. Second Embodiment

Fig. 8 shows a sensor unit 1B according to a second embodiment of the invention. In
Fig. 8, members having functions same as the functions in the first embodiment are
denoted by reference numerals and signs same as the reference numerals and signs in
Fig. 1 to Fig. 7 and detailed explanation of the members is omitted. In Fig. 8, the relay
board 215 is not shown.

In Fig. 8, the sensor unit 1B includes an armor body 10B in which the sensor module
20 and the connector 30 are arranged. The armor body 10B includes the first wall
section 101 functioning as a lid unlike the first wall section 101 in the first em-
bodiment and a housing 100B. The housing 100B includes a bottom wall formed by
the second wall section 102 as in the first embodiment. The housing 100B includes the
third wall section 103, the fourth wall section 104, the fifth wall section 105, and the
sixth wall section 106 (signs 105 and 106 are omitted in Fig. 8) standing from the
bottom wall 102.

In the second embodiment, as in the first embodiment, the first reference inner plane
102B and the first reference outer plane 102A can be formed on the bottom wall (the
second wall section) 102. A plane defined by the first detection axis and the second

detection axis of the sensor module 20 can be set in parallel to the armor body 10B and
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the X-Y plane of the object to be detected to which the armor body 10B is attached.

In Fig. 8, as in the first embodiment, the outer surface of the third wall section 103 is
formed as the second reference outer plane 103A and the surface that connects the
inner surface 102B of the bottom wall 102 and the step surface 121 is formed as the
second reference inner plane 120.

Therefore, in the second embodiment, as in the first embodiment, the first detection
axis of the sensor module 20 can be set in parallel to the armor body 10B and the X
axis of the object to be detected to which the armor body 10B is attached. However,
the second reference inner plane 120 is not limited to be set in parallel to the third wall
section 103 and can be set in parallel to any one of the third to sixth wall sections 103
to 106, which are the sidewalls.

In the second embodiment, unlike the first embodiment, the sensor unit 1B of a type
in which the connector 30 is exposed in the lid (the first wall section) 101 can be
configured. However, action and effects same as the action and effects in the first em-
bodiment can be attained.

3. Electronic device and moving object

Fig. 9 schematically shows a smart phone 1001 as a specific example of an electronic
device. A gyro sensor 1000 including the sensor unit 1A (1B) is incorporated in the
smart phone 1001. The gyro sensor 1000 can detect the posture of the smart phone
1001. So-called motion sensing is carried out. A detection signal of the gyro sensor
1000 can be supplied to, for example, a microcomputer chip (MPU) 1002. The MPU
1002 can execute various kinds of processing according to the motion sensing.
Besides, the motion sensing can be used in various electronic devices such as a cellular
phone, a portable game machine, a game controller, a car navigation system, a pointing
device, a head-mounted display, and a tablet personal computer.

Fig. 10 schematically shows a digital still camera (hereinafter referred to as
"camera") 1003 as another specific example of the electronic device. The gyro sensor
1000 including the sensor unit 1A (1B) is incorporated in the camera 1003. The gyro
sensor 1000 can detect the posture of the camera 1003. A detection signal of the gyro
sensor 1000 can be supplied to a camera shake correction device 1004. The camera
shake correction device 1004 can move, for example, a specific lens in a lens set 1005
according to the detection signal of the gyro sensor 1000. In this way, a camera shake
can be corrected. Besides, the camera shake correction can be used in a digital video
camera.

Fig. 11 schematically shows an automobile 1006 as a specific example of a moving
object. The gyro sensor 1000 including the sensor unit 1A (1B) is incorporated in the
automobile 1006. The gyro sensor 1000 can detect the posture of a vehicle body 1007.
A detection signal of the gyro sensor 1000 can be supplied to a vehicle body posture
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control device 1008. The vehicle body posture control device 1008 can control the
hardness of a suspension according to, for example, the posture of the vehicle body
1007 and control brakes of respective wheels 1009. Besides, the posture control can be
used in various mobile bodies such as a biped walking robot, an airplane, and a he-

licopter.
The embodiments are explained in detail above. However, those skilled in the art

could easily understand that various modifications not substantively departing from the
new matters and the effects of the invention are possible. Therefore, all such modi-
fications are considered to be included in the scope of the invention. For example, in
the specification or the drawings, the terms described at least once together with
broader or synonymous different terms in the specification or the drawings can be
replaced with the different terms. The configurations and the operations of the sensor
units 1A and 1B, the armor bodies 10A and 10B, the sensor module 20, the connector
30, the housings 100A and 100B, the lid 106, and the like are not limited to those
explained in the embodiments. Various modifications of the configurations and the op-
erations are possible. For example, the wired connection in the embodiment can be
replaced with wireless connection.

For example, in Fig. 5, the bottom wall (the second wall section) 102 and the first
and third to fifth wall sections 101 and 103 to 105 may be provided as separate
members. In that case, all of the first and second reference inner planes 102B and 120
and the first and second reference outer planes 102A and 103A only have to be formed
on the bottom wall 102. The connector 30 is not limited to project outward from the
first wall section 101. An end of the connector 30 may be exposed, for example, in
flush with the first wall section 101.

Reference Signs List

1A, 1B Sensor units

10A, 10B Armor bodies

20 Sensor module

30 Connector

100A, 100B Housings

101 First wall section (or Lid)

102 Second wall section (Bottom wall)

102A First reference outer plane

102B First reference inner plane

103 Third wall section

103A Second reference outer plane

104, 105 Fourth and fifth wall sections
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106 Sixth wall section (or Lid)
110 Opening

120 Second reference inner plane
120A, 120B Surfaces (Curved surfaces)
121 Step surface

200 Interior body

211 First plane

212 Second plane

215 Relay board

300 Connector board

1001, 1003 Electronic devices
1006 Moving object
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Claims

[Claim 1] A sensor unit comprising:

a sensor module including a first plane and a second plane that crosses
the first plane; and

an armor body configured to house the sensor module, wherein

the armor body includes:

a first reference inner plane for positioning the first plane of the sensor
module;

a first reference outer plane parallel to the first reference inner plane
and provided on an outer surface of the first reference inner plane;

a second reference inner plane for positioning the second plane of the
sensor module; and

a second reference outer plane parallel to the second reference inner
plane and provided on an outer surface of the second reference inner
plane.

[Claim 2] The sensor unit according to claim 1, wherein
the sensor module includes a first detection axis and a second detection
axis that crosses the first detection axis,
the first reference inner plane is parallel to a plane defined by the first
detection axis and the second detection axis, and
the second reference inner plane is parallel to the first detection axis.

[Claim 3] The sensor unit according to claim 1, wherein
the armor body includes a bottom wall and a plurality of sidewalls
erected on the bottom wall, and
the sensor module is housed in an internal space surrounded by the
bottom wall and the plurality of sidewalls.

[Claim 4] The sensor unit according to claim 3, wherein, in the armor body, the
first reference inner plane is provided on a bottom surface on the
internal space side.

[Claim 5] The sensor unit according to claim 3, wherein, in the armor body, the
second reference inner plane is provided on a side surface on the
internal space side.

[Claim 6] The sensor unit according to claim 3, wherein
the armor body includes a step on a bottom surface on the internal
space side, and
the second reference inner plane is provided on a side surface of the

step.
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The sensor unit according to claim 1, wherein a connector electrically
connected to the sensor module is provided.

The sensor unit according to claim 3, wherein, in the armor body, a
plane for positioning the sensor module is provided on at least one of
both sides of the second reference inner plane.

An armor body for a sensor module that houses the sensor module, the
armor body comprising:

a first reference inner plane for positioning a first plane of the sensor
module housed in the armor body;

a first reference outer plane parallel to the first reference inner plane
and provided on an outer surface of the first reference inner plane;

a second reference inner plane for positioning a second plane of the
sensor module housed in the armor body; and

a second reference outer plane parallel to the second reference inner
plane and provided on an outer surface of the second reference inner
plane.

An electronic device comprising the sensor unit according to claim 1.

A moving object comprising the sensor unit according to claim 1.
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AMENDED CLAIMS

received by the International Bureau on 11 July 2014 (11.07.2014)

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

(Amended) A sensor unit comprising:

a sensor module including a first plane and a second plane that crosses
the first plane; and

an armor body configured to house the sensor module, wherein the
armor body includes:

a first reference inner plane for positioning the first plane of the sensor
module;

a first reference outer plane parallel to the first reference inner plane
and provided on an outer surface of the first reference inner plane;

a second reference inner plane for positioning the second plane of the
sensor module; and

a second reference outer plane parallel to the second reference inner
plane and provided on an outer surface of the second reference inner
plane, wherein

the sensor module includes a first detection axis and a second detection
axis that crosses the first detection axis,

the first reference inner plane is parallel to a plane defined by the first
detection axis and the second detection axis, and

the second reference inner plane is parallel to the first detection axis.
(Canceled)

The sensor unit according to claim 1, wherein

the armor body includes a bottom wall and a plurality of sidewalls
erected on the bottom wall, and

the sensor module is housed in an internal space surrounded by the
bottom wall and the plurality of sidewalls.

The sensor unit according to claim 3, wherein, in the armor body, the
first reference inner plane is provided on a bottom surface on the
internal space side.

The sensor unit according to claim 3, wherein, in the armor body, the
second reference inner plane is provided on a side surface on the
internal space side.

The sensor unit according to claim 3, wherein

the armor body includes a step on a bottom surface on the internal
space side, and

the second reference inner plane is provided on a side surface of the

step.
AMENDED SHEET (ARTICLE 19)
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The sensor unit according to claim 1, wherein a connector electrically
connected to the sensor module is provided.

The sensor unit according to claim 3, wherein, in the armor body, a
plane for positioning the sensor module is provided on at least one of
both sides of the second reference inner plane.

An armor body for a sensor module that houses the sensor module, the
armor body comprising:

a first reference inner plane for positioning a first plane of the sensor
module housed in the armor body;

a first reference outer plane parallel to the first reference inner plane
and provided on an outer surface of the first reference inner plane;

a second reference inner plane for positioning a second plane of the
sensor module housed in the armor body; and

a second reference outer plane parallel to the second reference inner
plane and provided on an outer surface of the second reference inner
plane.

An electronic device comprising the sensor unit according to claim 1.

A moving object comprising the sensor unit according to claim 1.

AMENDED SHEET (ARTICLE 19)
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