
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

34
6 

23
3

A
1

TEPZZ¥¥46 ¥¥A_T
(11) EP 3 346 233 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
11.07.2018 Bulletin 2018/28

(21) Application number: 16841452.2

(22) Date of filing: 10.08.2016

(51) Int Cl.:
G01C 9/06 (2006.01) G01C 9/00 (2006.01)

(86) International application number: 
PCT/JP2016/073577

(87) International publication number: 
WO 2017/038420 (09.03.2017 Gazette 2017/10)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 02.09.2015 JP 2015173114

(71) Applicant: Seiko Instruments Inc.
Chiba-shi, Chiba 261-8507 (JP)

(72) Inventors:  
• UCHIYAMA Takeshi

Chiba-shi
Chiba 261-8507 (JP)

• OUMI Manabu
Chiba-shi
Chiba 261-8507 (JP)

• SHINOHARA Yoko
Chiba-shi
Chiba 261-8507 (JP)

• SUDA Masayuki
Chiba-shi
Chiba 261-8507 (JP)

• NOBE Ayako
Chiba-shi
Chiba 261-8507 (JP)

• KAIHO Yoshiyuki
Chiba-shi
Chiba 261-8507 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

(54) INCLINATION SENSOR

(57) A tilt sensor (1) includes: a pressure sensor (10)
disposed to be relatively movable with respect to a de-
tection target object and configured to detect pressure
of a fluid; and a tilt information detection unit (40) config-

ured to detect tilt information (for example, a tilt angle)
of the detection target object according to an output of
the pressure sensor (10) and movement information of
the pressure sensor (10).
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Description

[Technical Field]

[0001] The present invention relates to a tilt sensor.
[0002] Priority is claimed on Japanese Patent Application No. 2015-173114, filed on September 2, 2015, the content
of which is incorporated herein by reference.

[Background Art]

[0003] Tilt sensors detecting tilt information such as angles or horizontality of detection target objects are known (for
example, see Patent Documents 1 to 3). For example, according to technologies disclosed in Patent Documents 1 and
2, tilt angles of objects are detected according to outputs of at least two acceleration sensors mounted on the objects
which rotate.
[0004] For example, according to a technology disclosed in Patent Document 3, horizontality of a detection target
object is detected according to outputs of pressure sensors disposed at least at three positions of the detection target
object.

[Citation List]

[Patent Document]

[0005]

[Patent Document 1]
Japanese Unexamined Patent Application, First Publication No. 2015-28489
[Patent Document 2]
Japanese Patent No. 5424224
[Patent Document 3]
Japanese Unexamined Patent Application, First Publication No. 2016-261798

[Summary of Invention]

[Technical Problem]

[0006] However, in the technologies disclosed in Patent Documents 1 and 2, the acceleration sensors are used such
that, for example, it is possible that the detection precision deteriorates due to an influence of acceleration from a motion
besides a tilting movement.
[0007] In the technology disclosed in Patent Document 3, for example, it is necessary to dispose pressure sensors at
least at three positions such that it is possible that the detection precision deteriorates due to variation between the
pressure sensors.
[0008] Accordingly, it is possible that sufficient detection precision cannot be obtained by the conventional tilt sensors
described above, and improvement of detection precision of the tilt information is desired.
[0009] The present invention has been made to resolve the foregoing problems and an object of the present invention
is to provide a tilt sensor capable of improving detection precision of tilt information.

[Solution to Problem]

[0010] To resolve the foregoing problem, according to an aspect of the present invention, a tilt sensor includes: a
pressure sensor disposed to be relatively movable with respect to a detection target object and configured to detect
pressure of a fluid; and a tilt information detection unit configured to detect tilt information of the detection target object
according to an output of the pressure sensor and movement information of the pressure sensor.
[0011] According to another aspect of the present invention, the tilt sensor may further include a movement mechanism
configured to move the pressure sensor relative to the detection target object along a predetermined movement path.
The tilt information detection unit may detect the tilt information of the detection target object according to the output of
the pressure sensor and the movement information of the pressure sensor moved along the predetermined movement
path by the movement mechanism.
[0012] According to another aspect of the present invention, in the tilt sensor, the movement mechanism may include
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a rotator on which the pressure sensor is disposed, and the movement mechanism may move the pressure sensor in
a circular form by rotating the rotator.
[0013] According to another aspect of the present invention, in the tilt sensor, the movement mechanism may include
a rotator on which the pressure sensor is disposed, and the movement mechanism may move the pressure sensor in
an arc form by rotating the rotator.
[0014] According to another aspect of the present invention, in the tilt sensor, the movement mechanism may include
a linear mover on which the pressure sensor is disposed and which is capable of moving in a linear form, and the
movement mechanism may move the pressure sensor in the linear form by moving the linear mover.
[0015] According to another aspect of the present invention, in the tilt sensor, the tilt information detection unit may
perform synchronization detection according to a periodic output signal output from the pressure sensor moved along
the predetermined movement path and a reference signal which is according to the movement information, and the tilt
information detection unit may detect the tilt information of the detection target object according to a result of the syn-
chronization detection.
[0016] According to another aspect of the present invention, the tilt sensor may further include a reference signal
generation unit configured to generate the reference signal corresponding to a tilt in a predetermined direction according
to the movement information. The tilt information detection unit may perform the synchronization detection according to
the reference signal generated by the reference signal generation unit and the periodic output signal output from the
pressure sensor, and the tilt information detection unit may detect the tilt information of the detection target object in the
predetermined direction according to the result of the synchronization detection.
[0017] According to another aspect of the present invention, in the tilt sensor, a plurality of pressure sensors may be
included. The tilt information detection unit may detect the tilt information of the detection target object according to
outputs of the plurality of pressure sensors and the movement information of the pressure sensors.
[0018] According to another aspect of the present invention, in the tilt sensor, two of the pressure sensors may be
disposed to output periodic output signals with mutually reversed phases due to a predetermined movement. The tilt
information detection unit may detect the tilt information of the detection target object according to the two output signals
with the mutually reversed phases and the movement information of the pressure sensors.
[0019] According to another aspect of the present invention, in the tilt sensor, two of the pressure sensors may be
disposed to output periodic output signals with phases mutually deviated by 90 degrees due to a predetermined move-
ment. The tilt information detection unit may detect the tilt information of the detection target object according to the two
output signals with the phases deviated by 90 degrees and the movement information of the pressure sensor.
[0020] According to another aspect of the present invention, in the tilt sensor, the tilt information detection unit may
detect the tilt information of the detection target object according to a movement distance of the pressure sensor and a
change in an output value of the pressure sensor with respect to the movement distance.
[0021] According to another aspect of the present invention, the tilt sensor may further include a movement information
detection unit configured to detect the movement information of the pressure sensor.

[Advantageous Effects of Invention]

[0022] According to an aspect of the present invention, it is possible to improve detection precision of tilt information.

[Brief Description of Drawings]

[0023]

Fig. 1 is a block diagram showing an example of a tilt sensor according to a first embodiment.
Fig. 2A is a first diagram for describing an example of an output signal in the horizontal state of a pressure sensor
according to the first embodiment.
Fig. 2B is a second diagram for describing the example of the output signal in the horizontal state of the pressure
sensor according to the first embodiment.
Fig. 3A is a first diagram for describing an example of an output signal in a tilted state of the pressure sensor
according to the first embodiment.
Fig. 3B is a second diagram for describing the example of the output signal in the tilted state of the pressure sensor
according to the first embodiment.
Fig. 4 is a first diagram showing an example of an operation of a synchronization detection unit according to the
first embodiment.
Fig. 5 is a second diagram showing an example of an operation of the synchronization detection unit according to
the first embodiment.
Fig. 6 is a block diagram showing an example of a tilt sensor according to a second embodiment.
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Fig. 7 is a diagram showing an example of an operation of a difference generation unit according to the second
embodiment.
Fig. 8 is a block diagram showing an example of a tilt sensor according to a third embodiment.
Fig. 9 is a block diagram showing an example of a tilt sensor according to a fourth embodiment.
Fig. 10 is a block diagram showing an example of a tilt sensor according to a fifth embodiment.
Fig. 11 is a block diagram showing an example of a tilt sensor according to a sixth embodiment.
Fig. 12 is a block diagram showing an example of a tilt sensor according to a seventh embodiment.
Fig. 13 is a block diagram showing an example of a tilt sensor according to an eighth embodiment.

[Description of Embodiments]

[0024] Hereinafter, a tilt sensor according to an embodiment of the present invention will be described with reference
to the drawings.

[First embodiment]

[0025] Fig. 1 is a block diagram showing an example of a tilt sensor 1 according to a first embodiment.
[0026] As shown in Fig. 1, the tilt sensor 1 includes a pressure sensor 10, a movement mechanism 20, a magnet 31,
a rotation detection unit 32, a synchronous clock signal generation unit 33, a power unit 34, aslipring35, and a tilt
information detection unit 40.
[0027] According to the present embodiment, an example of the tilt sensor 1 that detects tilt information (for example,
a tilt angle) of a detection target object will be described.
[0028] The pressure sensor 10 detects, for example, pressure of a fluid such as air or a liquid. The pressure sensor
10 is disposed to be relatively movable with respect to the detection target object. For example, the pressure sensor 10
is disposed in a rotary plate 21 such that the pressure sensor 10 is rotatable in a circular form due to a rotational movement
of the rotary plate 21 of the movement mechanism 20 that is described below. The pressure sensor 10 includes, for
example, a difference pressure sensor (relative sensor) in which a resistant value is changed through physical deformation
by pressure, a Wheatstone circuit which uses the difference pressure sensor as a part of a resistor, and an output
amplifier, and the pressure sensor 10 is configured to detect pressure (for example, atmospheric pressure) according
to a change in the resistance of the pressure sensor by pressure.
[0029] The movement mechanism 20 moves the pressure sensor 10 relative to the detection target object along a
predetermined movement path. For example, the movement mechanism 20 moves the pressure sensor 10 in a circular
form which is the predetermined movement path. That is, the movement mechanism 20 moves the pressure sensor 10
on the same plane. In Fig. 1, an XYZ rectangular coordinate system is set, a plane on which the pressure sensor 10
moves is set as the XY plane, and an orthogonal direction of the XY plane is set as the Z axis direction. In Fig. 1, the X
axis direction is referred to as the horizontal direction of a sheet surface and the Y axis direction is referred to as a
vertical direction of the sheet surface.
[0030] The movement mechanism 20 includes the rotary plate 21, a motor control unit 22, and a motor 23. The
movement mechanism 20 moves the pressure sensor 10 in the circular form by rotating the rotary plate 21.
[0031] The pressure sensor 10 and a magnet 31 to be described below are disposed in the rotary plate 21 (an example
of a rotator), and the rotary plate 21 is rotated about a rotational axis C1 (central axis) in the Z axis direction at a
predetermined rotation speed by the motor 23.
[0032] For example, the motor control unit 22 includes a motor driver and the motor control unit 22controls the motor
23. The motor control unit 22 rotates the rotary plate 21 at a predetermined rotation speed to move the pressure sensor
10 in the circular form.
[0033] The motor 23 is connected to the rotary plate 21 via the rotational axis C1 to rotate the rotary plate 21.
[0034] The motor 23 is assumed to be fixed to the detection target object.
[0035] The magnet 31 is disposed near the circumference of the rotary plate 21, and the magnet 31 is used to detect
a rotation position of the pressure sensor 10 (or the rotary plate 21).
[0036] The rotation detection unit 32 (which is an example of a movement information detection unit) detects movement
information of the pressure sensor 10.
[0037] The movement information of the pressure sensor 10 is, for example, information such as a movement position
(rotation position), a movement amount, a speed, a direction, and a phase of the pressure sensor 10, and the movement
information of the pressure sensor 10 will be described herein as, for example, information (rotation position information)
indicating a rotation position of the pressure sensor 10. The rotation detection unit 32 is, for example, a magnetic detection
element such as a Hall element, and the rotation detection unit 32 detects a reference position of the rotary plate 21
when the magnet 31 disposed on the rotary plate 21 approaches and outputs a detection signal.
[0038] The synchronous clock signal generation unit 33 (an example of a reference signal generation unit) generates



EP 3 346 233 A1

5

5

10

15

20

25

30

35

40

45

50

55

a synchronous clock signal (reference signal) corresponding to a tilt in a predetermined direction according to the
movement information detected by the rotation detection unit 32. That is, the synchronous clock signal generation unit
33 generates, for example, a synchronous clock signal to synchronously detect a tilt in the X axis direction according to
a detection signal output from the rotation detection unit 32 in accordance with the reference position of the rotary plate
21. Specifically, the synchronous clock signal generation unit 33 uses the detection signal output from the rotation
detection unit 32 as a trigger to generate a clock signal with the same period as a rotation period of the rotary plate 21.
Then, the synchronous clock signal generation unit 33 delays the generated clock signal so that the tilt in the X axis
direction is synchronously detected, and the synchronous clock signal generation unit 33 outputs the delayed clock
signal as a synchronous clock signal to the tilt information detection unit 40.
[0039] The power unit 34 generates a power voltage to operate the tilt sensor 1 and supplies the generated power
voltage to each unit. The power unit 34 supplies the power voltage (supply power) to the pressure sensor 10 on the
rotary plate 21 via the slip ring 35.
[0040] The slip ring 35 is signal transfer means which supply the power voltage (supply power) generated by the power
unit 34 to the pressure sensor 10 on the rotary plate 21 which is rotating while transfer an output signal output from the
pressure sensor 10 to the tilt information detection unit 40. By using the slip ring 35, the tilt sensor 1 can appropriately
transfer the output signal of the pressure sensor 10 disposed on the rotary plate 21 which is rotating to the tilt information
detection unit 40.
[0041] The tilt information detection unit 40 is a signal processing unit that detects tilt information of the detection
target object according to the output of the pressure sensor 10 and the movement information of the pressure sensor
10. That is, the tilt information detection unit 40 detects the tilt information of the detection target object according to the
movement information of the pressure sensor 10 in which the movement mechanism 20 moves along the predetermined
movement path and the output of the pressure sensor 10. Here, the tilt information includes information indicating, for
example, a tilt angle, horizontality, and whether the detection target object is tilted. According to the present embodiment,
for example, an example in which the tilt information detection unit 40 detects a tilt angle of the detection target object
will be described.
[0042] For example, the tilt information detection unit 40 detects the tilt information of the detection target object
according to the movement distance of the pressure sensor 10 and a change in the output value of the pressure sensor
10 with respect to the movement distance. Here, a principle of the tilt angle detection by the tilt information detection
unit 40 will be described with reference to Figs. 2A, 2B, 3A, and 3B.

<Principle of the tilt angle detection >

[0043] Figs. 2A and 2B are diagrams for describing an example of an output signal in the horizontal state of the
pressure sensor 10 according to the present embodiment.
[0044] Fig. 2A shows a state when the tilt sensor 1 is mounted on the detection target object 2 and the detection target
object 2 is horizontal (the horizontal state of the detection target object 2). Fig. 2B shows an output signal of the pressure
sensor 10 in the horizontal state of the detection target object 2.
[0045] In Fig. 2B, the vertical axis of the graph represents a voltage of the output signal of the pressure sensor 10 and
the horizontal axis of the graph represents time. A waveform W1 indicates a waveform of the output signal of the pressure
sensor 10.
[0046] As shown in Fig. 2A, when the detection target object 2 is in the horizontal state, the pressure sensor 10 that
is moving in the circular form is moving horizontally along with the rotary plate 21. Accordingly, as indicated by the
waveform W1 in Fig. 2B, a constant voltage is output.
[0047] Figs. 3A and 3B are diagrams for describing an example of an output signal in a tilted state of the pressure
sensor 10 according to the present embodiment.
[0048] Fig. 3A shows a state when the tilt sensor 1 is mounted on the detection target object 2 and the detection target
object 2 is tilted at a tilt angle θ in the X axis direction (in a tilted state of the detection target object 2). Fig. 3B shows
an output signal of the pressure sensor 10 in the tilted state of the detection target object 2.
[0049] In Fig. 3B, the vertical axis represents a voltage of the output signal of the pressure sensor 10 and the horizontal
axis represents time. A waveform W2 indicates a waveform of the output signal of the pressure sensor 10.
[0050] As shown in Fig. 3A, when the detection target object 2 is tilted at the tilt angle θ in the X axis direction, the
pressure sensor 10 that is moving in the circular form is displaced in the Z axis direction along with the rotary plate 21.
Accordingly, as indicated by the waveform W2 in Fig. 3B, a periodic output signal is output. In this case, the pressure
sensor 10 detects a change of the atmospheric pressure according to the displacement (a change in height) in the Z
axis direction and the pressure sensor 10 outputs a sinusoidal output signal as in the waveform W2. When a change
amount ΔVo is a change amount between peaks of the output signals (the waveform W2), for example, the change
amount ΔVo increases with an increase in the tilt angle θ and the change amount ΔVo decreases with a decrease in the
tilt angle θ. The tilt angle θ can be calculated by the following Expression (1) .
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[Math. 1] 

[0051] Here, as shown in Fig. 3A, the variable Rs indicates a radius of rotation of the pressure sensor 10. The "change
in the height corresponding to the change amount ΔVo" is a value obtained by converting the change amount ΔVo of
the output signal of the pressure sensor 10 into a height in the Z axis direction. For example, the tilt information detection
unit 40 may convert the "change in the height corresponding to the change amount ΔVo" from the change amount ΔVo
by calculation or may generate the "change in the height corresponding to the change amount ΔVo" according to a
conversion table in which the change amount ΔVo and the change in the height are associated with each other.
[0052] The tilt information detection unit 40 generates the tilt angle θ as tilt information using the above-described
Expression (1) .
[0053] Turning back to the description of Fig. 1, the tilt information detection unit 40 performs synchronization detection
according to the synchronous clock signal generated by the synchronous clock signal generation unit 33 and the periodic
output signal output from the pressure sensor 10, and the tilt information detection unit 40 detects the tilt information in
a predetermined direction of the detection target object according to a result of the synchronization detection. The tilt
information detection unit 40 includes a synchronization detection unit 41 and a tilt angle generation unit 42.
[0054] The synchronization detection unit 41 performs the synchronization detection according to the periodic output
signal of the above-described pressure sensor 10 and the synchronous clock signal generated by the synchronous clock
signal generation unit 33. For example, the synchronization detection unit 41 includes a lock-in amplifier circuit and a
low-pass filter (LPF), and the synchronization detection unit 41 generates a direct-current signal that is proportional to
the amplitude of the output signal of the pressure sensor 10. The detailed operation of the synchronization detection
unit 41 will be described below with reference to Figs. 4 and 5.
[0055] The tilt angle generation unit 42 generates the tilt angle θ as the tilt information using the above-described
Expression (1). For example, the tilt angle generation unit 42 generates a change amount of the height of the pressure
sensor 10 according to the direct-current signal proportional to the amplitude of the output signal of the pressure sensor
10 and the tilt angle generation unit 42 generates the tilt angle θ of the detection target object according to the generated
change amount in the height and the above-described Expression (1). The tilt angle generation unit 42 outputs information
indicating the generated tilt angle θ as the tilt information.
[0056] Next, an operation of the tilt sensor 1 according to the present embodiment will be described with reference to
the following drawing.
[0057] When the tilt sensor 1 mounted on the detection target object detects the tilt information (for example, the tilt
angle θ), the motor control unit 22 of the movement mechanism 20 firstly drives the motor 23 so that the motor 23 rotates
at a predetermined rotation speed. The motor 23 rotates the rotary plate 21 via the rotational axis C1. When the rotary
plate 21 is rotated, the pressure sensor 10 and the magnet 31 disposed on the rotary plate 21 are moved in the circular
form at the predetermined rotation speed.
[0058] When the magnet 31 disposed on the rotary plate 21 approaches the rotation detection unit 32, the rotation
detection unit 32 detects the reference position of the rotary plate 21 and outputs a detection signal. Then, the synchronous
clock signal generation unit 33 generates the synchronous clock signal so that, for example, a tilt in the X axis direction
is synchronously detected by using the detection signal output from the rotation detection unit 32 as a trigger, and the
synchronous clock signal generation unit 33 outputs the generated synchronous clock signal to the tilt information
detection unit 40.
[0059] When the detection target object is tilted, according to the rotation of the rotary plate 21, the pressure sensor
10 outputs the sinusoidal output signal indicated by the waveform W2 in Fig. 3B to the tilt information detection unit 40
via the slip ring 35.
[0060] The synchronization detection unit 41 of the tilt information detection unit 40 synchronously detects the output
signal of the pressure sensor 10 in accordance with the synchronous clock signal generated by the synchronous clock
signal generation unit 33, and the synchronization detection unit 41 outputs, for example, the direct-current signal
proportional to the amplitude of the output signal of the pressure sensor 10 in accordance with the tilt in the X axis direction.
[0061] Fig. 4 is a first diagram showing an example of an operation of the synchronization detection unit 41 according
to the present embodiment.
[0062] The example shown in Fig. 4 is an example in which the detection target object is tilted in the X axis direction.
In this drawing, the vertical axis of each graph represents a voltage of each output signal and the horizontal axis of each
graph represents time. Waveforms W3 to W6 indicate waveforms of the output signal of the pressure sensor 10, the
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synchronous clock signal, the output signal subjected to the synchronization detection, and an output signal of the LPF
in sequence.
[0063] Since the example shown in Fig. 4 is an example of the case when the detection target object is tilted in the X
axis direction, phases of the waveform W3 of the output signal and the waveform W4 of the synchronous clock signal
of the pressure sensor 10 are matched with each other. Accordingly, the synchronization detection unit 41 generates
an output signal indicated by the waveform W5 as a result obtained by performing the synchronization detection. As the
synchronization detection, the synchronization detection unit 41 multiplies the output signal of the pressure sensor 10
by "+1" to generate a result obtained by performing the synchronization detection since the synchronous clock signal is
in an H state (high state) during, for example, a period from time T1 to time T2 and a period from time T3 to time T4.
The synchronization detection unit 41 multiplies the output signal of the pressure sensor 10 by "-1" to generate a result
obtained by the synchronization detection since the synchronous clock signal is 0 V (in a low state) during, for example,
a period from time T2 to time T3. Thus, the synchronization detection unit 41 generates an output signal subjected to
the synchronization detection and indicated by the waveform W5 as the result obtained by performing the synchronization
detection.
[0064] The synchronization detection unit 41 generates a signal with a direct-current voltage proportional to the am-
plitude of the output signal of the pressure sensor 10 and indicated by a waveform W6, by causing the low-pass filter
(LPF) to remove a component equal to or greater than a predetermined frequency from the output signal subjected to
the synchronization detection and indicated by the waveform W5. Here, a voltage V1 of the direct-current signal indicated
by the waveform W6 is a value which is a predetermined coefficient α times the variation amount ΔVo shown in Fig. 3B,
as described above.
[0065] Fig. 5 is a second diagram showing an example of an operation of the synchronization detection unit 41 according
to the present embodiment.
[0066] The example shown in Fig. 5 is an example of a case when the detection target object is tilted in the Y axis
direction (a case when the detection target object is not tilted in the X axis direction). In the drawing, the vertical axis of
each graph represents a voltage of each output signal and the horizontal axis of each graph represents time. Waveforms
W7 to W10 indicate waveforms of the output signal of the pressure sensor 10, the synchronous clock signal, the output
signal subjected to the synchronization detection, and an output signal of the LPF in sequence.
[0067] Since the example shown in Fig. 5 is an example of the case when the detection target object is tilted in the Y
axis direction (the case when the detection target object is not tilted in the X axis direction), phases of the waveform W7
of the output signal and the waveform W8 of the synchronous clock signal of the pressure sensor 10 are deviated by
90 degrees (1/4 period) . Accordingly, the synchronization detection unit 41 generates an output signal indicated by the
waveform W9 as a result obtained by performing the synchronization detection. As the synchronization detection, the
synchronization detection unit 41 multiplies the output signal of the pressure sensor 10 by "+1" to generate a result
obtained by the synchronization detection since the synchronous clock signal is in an H state (high state) during, for
example, a period from time T5 to time T6 and a period from time T7 to time T8. The synchronization detection unit 41
multiplies the output signal of the pressure sensor 10 by "-1" to generate a result obtained by the synchronization detection
since the synchronous clock signal is 0 V (in a low state) during, for example, a period from time T6 to time T7. Thus,
the synchronization detection unit 41 generates an output signal subjected to the synchronization detection and indicated
by the waveform W9 as the result obtained by performing the synchronization detection.
[0068] The synchronization detection unit 41 generates a signal with a direct-current voltage indicated by a waveform
W10 by causing the low-pass filter (LPF) to remove a component equal to or greater than a predetermined frequency
from the output signal subjected to the synchronization detection and indicated by the waveform W9. Here, since the
detection target object is tilted in the Y axis direction, the voltage of the direct-current signal with the waveform W10 is 0V.
[0069] Subsequently, the tilt angle generation unit 42 generates a tilt angle θ as tilt information using the above-
described Expression (1) according to the direct-current signal generated by the synchronization detection unit 41. For
example, the tilt angle generation unit 42 generates a change amount of the height of the pressure sensor 10 according
to the voltage value of the direct-current signal, and the tilt angle generation unit 42 generates the tilt angle θ of the
detection target object according to the generated change amount of the height and the above-described Expression (1).
[0070] In the example shown in Fig. 4 described above, for example, the tilt angle generation unit 42 generates the
tilt angle θ in the X axis direction according to the voltage V1 of the waveform W6. In the example shown in Fig. 5
described above, the tilt angle generation unit 42 generates the tilt angle θ in the X axis direction as 0 degrees since
the detection target object is not tilted in the X axis direction and the voltage of the waveform W10 is 0V.
[0071] In this way, the tilt information detection unit 40 according to the present embodiment can appropriately detect
the tilt angle θ in a predetermined direction (here, the X axis direction) by using the synchronization detection.
[0072] As described above, the tilt sensor 1 according to the present embodiment includes the pressure sensor 10
and the tilt information detection unit 40. The pressure sensor 10 is disposed to be able to move relative to a detection
target object and detects pressure of a fluid (for example, a gas or a liquid). The tilt information detection unit 40 detects
the tilt information (for example, information indicating the tilt angle θ) of the detection target object according to the
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output of the pressure sensor 10 and the movement information (for example, rotational position information) of the
pressure sensor 10.
[0073] Since the tilt sensor 1 according to the present embodiment detects the tilt information using the pressure
sensor 10, there is no influence of acceleration. For example, there is no influence of the acceleration in the horizontal
direction on the tilt sensor 1 according to the present embodiment. Since the tilt sensor 1 according to the present
embodiment can move the pressure sensor 10 to detect the tilt information and at least one pressure sensor 10 can
detect the tilt information, detection precision does not deteriorate due to, for example, variation between the plurality
of pressure sensors 10. Accordingly, the tilt sensor 1 according to the present embodiment can improve the detection
precision of the tilt information.
[0074] When the acceleration sensor is used in the detection of the tilt information, it is necessary to perform integration
twice for converting a change in acceleration into a change in a distance. When acceleration is detected from a centrifugal
force according to an output of an acceleration sensor or an angular velocity is detected by a gyro sensor (an angular
velocity sensor), it is necessary to perform integration once in order to calculate an angle from the angular velocity. In
this way, when an acceleration sensor or a gyro sensor is used, integration is necessary and errors due to the integration
are accumulated, and thus the detection precision of the tilt information tends to deteriorate.
[0075] However, in the tilt sensor 1 according to the present embodiment, the pressure sensor 10 is used. Accordingly,
the above-described errors in the integration are not accumulated and it is possible to improve the detection precision
of the tilt information. The tilt sensor 1 according to the present embodiment can detect the tilt angle θ through a simple
calculation process using the above-described Expression (1).
[0076] Since there is no influence of acceleration on the tilt sensor 1 according to the present embodiment, it is possible
to obtain the tilt information with higher reliability than when an acceleration sensor is used.
[0077] According to the present embodiment, the tilt information detection unit 40 detects the tilt information of the
detection target object according to the movement distance of the pressure sensor 10 and the change in the output
value of the pressure sensor 10 to the movement distance.
[0078] The tilt sensor 1 according to the present embodiment can detect the tilt information of the detection target
object, for example, in accordance with the simple method using the above-described Expression (1).
[0079] The tilt sensor 1 according to the present embodiment includes the movement mechanism 20 that moves the
pressure sensor 10 to a detection target object along the predetermined movement path. The tilt information detection
unit 40 detects the tilt information of the detection target object according to the movement information of the pressure
sensor 10 moved along the predetermined movement path (for example, the movement path in a circular form) by the
movement mechanism 20 and the output of the pressure sensor 10.
[0080] Since the pressure sensor 10 is moved along the predetermined movement path, the tilt sensor 1 according
to the present embodiment can easily calculate the movement distance of the pressure sensor 10 by detecting the
position information (for example, rotational position information). Accordingly, the tilt sensor 1 according to the present
embodiment can simplify the calculation of the movement information.
[0081] According to the present embodiment, the movement mechanism 20 includes the rotary plate 21 (rotator) on
which the pressure sensor 10 is disposed and moves the pressure sensor 10 in the circular form by rotating the rotary
plate 21.
[0082] Since the tilt sensor 1 according to the present embodiment can easily obtain the sinusoidal periodic output
signal from the pressure sensor 10, for example, the simple detection method such as synchronization detection can
be used. The tilt sensor 1 according to the present embodiment can easily calculate the movement distance of the
pressure sensor 10 from the radius Rs of rotation of the pressure sensor 10. Accordingly, the tilt sensor 1 according to
the present embodiment can simplify the process of detecting the tilt information of the detection target object.
[0083] According to the present embodiment, the tilt information detection unit 40 performs the synchronization de-
tection according to the periodic output signal (the sinusoidal output signal) output from the pressure sensor 10 moved
along the predetermined movement path and the synchronous clock signal (the reference signal) which is according to
the movement information, and the tilt information detection unit 40 detects the tilt information of the detection target
object according to the result of the synchronization detection.
[0084] Since the tilt sensor 1 according to the present embodiment uses the synchronization detection, the process
of detecting the tilt information of the detection target object can be simplified.
[0085] The tilt sensor 1 according to the present embodiment includes the synchronous clock signal generation unit
33 (the reference signal generation unit) that generates the synchronous clock signal (the reference signal) corresponding
to the tilt in the predetermined direction according to the movement information. Then, the tilt information detection unit
40 performs the synchronization detection according to the synchronous clock signal generated by the synchronous
clock signal generation unit 33 and the periodic output signal output from the pressure sensor 10, and the tilt information
detection unit 40 detects the tilt information of the detection target object in the predetermined direction according to the
result of the synchronization detection.
[0086] Thus, the tilt sensor 1 according to the present embodiment can detect the tilt information of the detection target
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object in the predetermined direction.
[0087] The tilt sensor 1 according to the present embodiment includes the rotation detection unit 32 (the movement
information detection unit) that detects the movement information of the pressure sensor 10. For example, the rotation
detection unit 32 is a Hall element that detects the position of the magnet 31 on the rotary plate 21.
[0088] Thus, the tilt sensor 1 according to the present embodiment can accurately detect the movement information
(for example, the rotational position information).
[0089] According to the present embodiment, the pressure sensor 10 is a difference pressure sensor. The difference
pressure sensor can detect a more minute change in the atmospheric pressure than an absolute pressure sensor.
Accordingly, the tilt sensor 1 according to the present embodiment can detect a change in the atmospheric pressure at
a short movement distance compared to a case when an absolute pressure sensor is used. Accordingly, since a movement
distance of the pressure sensor 10 can be shortened, the tilt sensor 1 according to the present embodiment can be
miniaturized compared to when the absolute pressure sensor is used.

[Second embodiment]

[0090] Next, a tilt sensor 1a according to a second embodiment will be described with reference to the drawings.
[0091] Fig. 6 is a block diagram showing an example of the tilt sensor 1a according to the second embodiment.
[0092] As shown in Fig. 6, the tilt sensor 1a includes pressure sensors (11 and 12), a movement mechanism 20, a
magnet 31, a rotation detection unit 32, a synchronous clock signal generation unit 33, a power unit 34, a slip ring 35,
and a tilt information detection unit 40a.
[0093] In Fig. 6, the same reference numerals are given to the same configuration as the configuration shown in Fig.
1, and the description thereof will be omitted.
[0094] The present embodiment is different from the first embodiment in that the tilt sensor 1a includes the plurality
of (for example, two) pressure sensors (11 and 12), and the tilt information detection unit 40a detects tilt information of
a detection target object according to output signals of the two pressure sensors (11 and 12). The differences will be
described below.
[0095] The pressure sensors (11 and 12) have the same configuration as the above-described pressure sensor 10.
According to the present embodiment, the pressure sensors will be described as the pressure sensor 10 when the
pressure sensors are any pressure sensor included in the tilt sensor 1a or the pressure sensors are not particularly
distinguished from each other.
[0096] The pressure sensors 11 and 12 are disposed on the rotary plate 21 to be able to move in a circular form
through a rotational movement of the rotary plate 21. The pressure sensor 11 and the pressure sensor 12 are disposed
to output output signals with mutually reversed phases due to the movement in the circular form. For example, the
pressure sensor 11 and the pressure sensor 12 are disposed at concentric circle of the rotary plate 21 and at positions
at which a central angle of the rotary plate 21 deviates mutually at 180 degrees.
[0097] The tilt information detection unit 40a detects tilt information of a detection target object according to the outputs
of the plurality of (for example, two) pressure sensors 10 and the movement information of the pressure sensors 10.
That is, the tilt information detection unit 40a detects the tilt information of the detection target object according to the
two output signals with the mutually reversed phases and the movement information of the pressure sensors 10. The
tilt information detection unit 40a includes a synchronization detection unit 41, a tilt angle generation unit 42, and a
difference generation unit 43.
[0098] The difference generation unit 43 generates an output signal which is a difference between the output signal
of the pressure sensor 11 and the output signal of the pressure sensor 12 (hereinafter referred to as a difference output
signal). The detailed operation of the difference generation unit 43 will be described below with reference to Fig. 7.
[0099] According to the present embodiment, the synchronization detection unit 41 is the same as that of the first
embodiment except that the difference output signal generated by the difference generation unit 43 is used. The tilt
angle generation unit 42 is the same as that of the first embodiment except that the amplitude of the difference output
signal is a double of the amplitude of the pressure sensor 10.
[0100] Next, an operation of the difference generation unit 43 will be described with reference to Fig. 7.
[0101] Fig. 7 is a diagram showing an example of the operation of the difference generation unit 43 according to the
present embodiment.
[0102] In Fig. 7, the vertical axis of each graph represents a voltage of each output signal and the horizontal axis of
each graph represents a time. Waveforms W11 and W12 indicate waveforms of the output signal of the pressure sensor
11, the output signal of the pressure sensor 12, and the difference output signal in sequence.
[0103] The difference generation unit 43 generates a difference output signal indicated by a waveform W13 by calcu-
lating a difference between the output signal (the waveform W11) of the pressure sensor 11 and the output signal (the
waveform W12) of the pressure sensor 12 which are the output signals with the mutually reversed phases.
[0104] In the example shown in Fig. 7, noise occurs at time T11, time T12, time T13, and time T14, and the noise is
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superimposed on the output signal of the pressure sensor 11 and the output signal of the pressure sensor 12. Even in
this case, the noise is cancelled by calculating the difference between the output signal (the waveform W11) of the
pressure sensor 11 and the output signal (the waveform W12) of the pressure sensor 12. Accordingly, as indicated by
the waveform W13, the difference generation unit 43 outputs the difference output signal from which the noise is removed.
[0105] A voltage difference V2 between peaks of the difference output signal is a double of the voltage difference (the
above-described variation amount ΔVo) between the peaks of the output signal of the pressure sensor 10. Accordingly,
the tilt sensor 1a according to the present embodiment can improve a signal-noise ratio (S/N ratio).
[0106] Operations of the synchronization detection unit 41 and the tilt angle generation unit 42 according to the present
embodiment are the same as those of the first embodiment. As described above, however, since the amplitude of the
difference output signal is the double, a value of the predetermined coefficient α times is doubled in the result obtained
by performing the synchronization detection.
[0107] As described above, the tilt sensor 1a according to the present embodiment includes the plurality of pressure
sensors 10. The tilt information detection unit 40a detects the tilt information of the detection target object according to
the outputs of the plurality of pressure sensors 10 and the movement information of the pressure sensors 10. Further,
the two pressure sensors 10 are disposed to output the output signals with the mutually reversed phases through the
movement and the tilt information detection unit 40a detects the tilt information of the detection target object according
to the two output signals with the mutually reversed phases and the movement information of the pressure sensors 10.
[0108] Thus, the tilt sensor 1a according to the present embodiment can reduce the noise component contained in
the output signals of the pressure sensors 10, for example, by taking the difference between the two output signals with
the mutually reversed phases .
[0109] The tilt sensor 1a according to the present embodiment can improve the S/N ratio, as described above, by
taking the difference between the two output signals with the mutually reversed phases . The tilt sensor 1a according
to the present embodiment can improve detection sensitivity of the tilt information by taking the difference between the
two output signals with the mutually reversed phases.

[Third embodiment]

[0110] Next, a tilt sensor 1b according to a third embodiment will be described with reference to the drawings.
[0111] Fig. 8 is a block diagram showing an example of the tilt sensor 1b according to the third embodiment.
[0112] As shown in Fig. 8, the tilt sensor 1b includes pressure sensors (11, 12, 13, and 14), a movement mechanism
20, a magnet 31, a rotation detection unit 32, a synchronous clock signal generation unit 33a, a power unit 34, a slip
ring 35, and a tilt information detection unit 40b.
[0113] In Fig. 8, the same reference numerals are given to the same configuration as the configuration shown in Figs.
1 and 6, and the description thereof will be omitted.
[0114] The present embodiment is different from the second embodiment in that the tilt sensor 1b includes four pressure
sensors (11, 12, 13, and 14) and the tilt information detection unit 40b detects tilt information of a detection target object
according to two-system difference output signals. The differences will be described below.
[0115] The pressure sensors (11, 12, 13, and 14) have the same configuration as the above-described pressure sensor
10. According to the present embodiment, the pressure sensors will be described as the pressure sensor 10 when the
pressure sensors are any pressure sensor included in the tilt sensor 1b or the pressure sensors are not particularly
distinguished from each other.
[0116] The pressure sensors 11, 12, 13, and 14 are disposed on the rotary plate 21 to be able to move in a circular
form through a rotational movement of the rotary plate 21. The pressure sensors 11 and 12 are disposed to output output
signals with mutually reversed phases through movement in the circular form. The pressure sensors 13 and 14 are
disposed to output output signals with mutually reversed phases through movement in the circular form. For example,
the pressure sensors 11 and 12 are set as a first pair of pressure sensors and the pressure sensors 13 and 14 are set
as a second pair of pressure sensors.
[0117] The first pair of pressure sensors 10 and the second pair of pressure sensors 10 are disposed to output the
output signals with phases mutually deviated by 90 degrees. That is, the first pair of pressure sensors 10 and the second
pair of pressure sensors 10 are disposed at positions at which a central angle of the rotary plate 21 deviates mutually
at 90 degrees. For example, two pressure sensors 10, the pressure sensors 11 and 13, are disposed to output the
periodic output signals with the phases mutually deviated by 90 degrees through movement. Two pressure sensor 10,
the pressure sensors 12 and 14, are disposed to output the periodic output signals with the phases mutually deviated
by 90 degrees through movement.
[0118] In order to correspond to the two-system difference output signals of the above-described first and second
pairs, the synchronous clock signal generation unit 33a generates two kinds of synchronous clock signals with the phases
mutually deviated by 90 degrees to correspond to a tilt in a predetermined direction (for example, the X axis direction).
[0119] The tilt information detection unit 40b detects the tilt information of the detection target object according to the
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above-described two (two-system) output signals with the phases mutually deviated by 90 degrees and the movement
information of the pressure sensors 10. The tilt information detection unit 40b includes a synchronization detection unit
41a, a tilt angle generation unit 42a, and a difference generation unit 43a.
[0120] The difference generation unit 43a generates the two-system difference output signals with the phases deviated
by 90 degrees by calculating a difference between the first pair of output signals and the second pair of output signals
described above.
[0121] The synchronization detection unit 41a performs the synchronization detection on each of the two-system
difference output signals in accordance with the corresponding synchronous clock signal.
[0122] The tilt angle generation unit 42a generates a tilt angle θ of the detection target object according to a result of
the above-described two-system synchronization detection.
[0123] As described above, according to the present embodiment, two pressure sensors 10 are disposed to output
the periodic output signals with the phases mutually deviated by 90 degrees due to the movement. The tilt information
detection unit 40b detects the tilt information of the detection target object according to the two (two-system) output
signals with the phases mutually deviated by 90 degrees and the movement information of the pressure sensors 10.
[0124] Thus, since the tilt sensor 1b according to the present embodiment detects the tilt information of the detection
target object according to the two-system output signals with the phases mutually deviated by 90 degrees, the amount
of information (the number of samples) for the detection is doubled. Accordingly, the tilt sensor 1b according to the
present embodiment can further improve the detection precision when the number of rotations of the rotary plate 21 is
the same as that of the first and second embodiments. The tilt sensor 1b according to the present embodiment can
reduce the number of rotations of the rotary plate 21 when the detection precision is set to be the same as that of the
first and second embodiments. In this case, the tilt sensor 1b according to the present embodiment can reduce power
consumption for the detection while ensuring the detection precision. The tilt sensor 1b according to the present em-
bodiment can reduce noise occurring due to an operation of the movement mechanism 20 such as the motor 23 by
reducing the number of rotations of the rotary plate 21.
[0125] According to the present embodiment, as the same with the second embodiment, two pressure sensors 10 are
disposed to output the output signals with the mutually reversed phases due to the movement, and the tilt information
detection unit 40b detects the tilt information of the detection target object according to the two output signals with the
mutually reversed phases and the movement information of the pressure sensors 10. Accordingly, as the same with the
second embodiment, the tilt sensor 1b according to the present embodiment can reduce the noise component contained
in the output signals of the pressure sensors 10 and can improve the S/N ratio.
[0126] The tilt sensor 1b according to the above-described embodiment may perform the synchronization detection
on the two-system output signals with the phases mutually deviated by 90 degrees using one synchronous clock signal.
In this case, the tilt sensor 1b according to the present embodiment can detect tilt angles in two directions (for example,
two directions of the X and Y axis directions) of the rectangular coordinate system. For example, the tilt sensor 1b can
detect the tilt angle in the X axis direction according to the output signal of the pressure sensor 11 and can detect the
tilt angle in the Y axis direction according to the output signal of the pressure sensor 13. That is, in this case, the tilt
sensor 1b according to the present embodiment can detect the tilt information in any direction on a 2-dimensional plane.

[Fourth embodiment]

[0127] Next, a tilt sensor 1c according to a fourth embodiment will be described with reference to the drawings.
[0128] Fig. 9 is a block diagram showing an example of the tilt sensor 1c according to the fourth embodiment.
[0129] As shown in Fig. 9, the tilt sensor 1c includes a pressure sensor 10, a movement mechanism 20a, a magnet
31, a swing detection unit 32a, a synchronous clock signal generation unit 33, a power unit 34, a flexible substrate 35a,
and a tilt information detection unit 40.
[0130] In Fig. 9, the same reference numerals are given to the same configuration as the configuration shown in Fig.
1, and the description thereof will be omitted.
[0131] According to the present embodiment, an example of a case when the movement of the pressure sensor 10
is set as a swing movement in which the pressure sensor 10 reciprocates in an arc form instead of the movement in the
circular form will be described.
[0132] The movement mechanism 20a includes a swing plate 21a (rotator) on which the pressure sensor 10 is disposed
and the movement mechanism 20a moves the pressure sensor 10 in the arc form by rotating the swing plate 21a. That
is, the movement mechanism 20a enables the swing movement in which the pressure sensor 10 reciprocates in the arc
form. The movement mechanism 20a includes, for example, the swing plate 21a, the motor control unit 22, and the
motor 23.
[0133] The pressure sensor 10 and the magnet 31 are disposed on the swing plate 21a (an example of a rotator) and
the swing plate 21a is rotated about a rotation axis C1 (central axis) in the Z axis direction alternately in different directions
by the motor 23. The pressure sensor 10 and the magnet 31 are swung by rotating the swing plate 21a alternately in
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the different directions.
[0134] The motor control unit 22 performs control such that the pressure sensor 10 is swung by alternately rotating
the swing plate 21a alternately in the different directions, as described above.
[0135] The swing detection unit 32a (an example of a movement information detection unit) detects movement infor-
mation of the pressure sensor 10. The swing detection unit 32a is, for example, a magnetic detection element such as
a Hall element, and the swing detection unit 32a detects a reference position of the swing plate 21a when the magnet
31 disposed on the swing plate 21a approaches and outputs a detection signal to the synchronous clock signal generation
unit 33.
[0136] The flexible substrate 35a is signal transmission means configured to supply a power voltage (supply power)
generated by the power unit 34 to the pressure sensor 10 disposed on the swing plate 21a while transferring an output
signal output from the pressure sensor 10 to the tilt information detection unit 40.
[0137] Next, an operation of the tilt sensor 1c according to the present embodiment will be described.
[0138] In the tilt sensor 1c according to the present embodiment, when the pressure sensor 10 is swung by the
movement mechanism 20a, the pressure sensor 10 outputs a periodic output signal according to a tilt of the detection
target object. The synchronous clock signal generation unit 33 generates a synchronous clock signal to detect a tilt in
a predetermined direction (for example, the X axis direction) according to information indicating a swing position detected
by the swing detection unit 32a. The tilt information detection unit 40 performs synchronous detection according to the
periodic output signal output via the flexible substrate 35a by the pressure sensor 10 and the synchronous clock signal
and detects the tilt information (for example, the tilt angle θ) according to a result of the synchronous detection.
[0139] The detailed operation of the tilt information detection unit 40 is the same as that of the above-described first
embodiment, and thus the description thereof will be omitted here.
[0140] As described above, According to the present embodiment, the movement mechanism 20a includes the swing
plate 21a (the rotator) on which the pressure sensor 10 is disposed and moves the pressure sensor 10 in the arc form
by rotating the swing plate 21a. For example, the movement mechanism 20a swings the pressure sensor 10 by recip-
rocating the pressure sensor 10 in the arc form.
[0141] Thus, the tilt sensor 1c according to the present embodiment can improve the detection precision of the tilt
information as in the first embodiment. Since the pressure sensor 10 outputs the periodic output signal due to the swing
movement in which the pressure sensor 10 reciprocates in the arc form, the tilt sensor 1c according to the present
embodiment can simplify the process of detecting the tilt information of the detection target object using the synchronous
detection.
[0142] According to the present embodiment, the power voltage (supply power) is supplied to the pressure sensor 10
and the output signal of the pressure sensor 10 is transferred to the tilt information detection unit 40 via the flexible
substrate 35a, instead of the slip ring 35. Accordingly, the tilt sensor 1c according to the present embodiment can further
reduce the influence of the noise than when the slip ring 35 is used. Since the flexible substrate 35a is less likely to
cause a contact failure than the slip ring 35, the tilt sensor 1c according to the present embodiment can improve reliability
in the detection of the tilt information.

[Fifth embodiment]

[0143] Next, a tilt sensor 1d according to a fifth embodiment will be described with reference to the drawings.
[0144] According to the present embodiment, an example of combining the second embodiment with the above-
described fourth embodiment will be described.
[0145] Fig. 10 is a block diagram showing an example of the tilt sensor 1d according to the fifth embodiment.
[0146] As shown in Fig. 10, the tilt sensor 1d includes pressure sensors 10, a movement mechanism 20a, a magnet
31, a swing detection unit 32a, a synchronous clock signal generation unit 33, a power unit 34, a flexible substrate 35a,
and a tilt information detection unit 40a.
[0147] In Fig. 10, the same reference numerals are given to the same configuration as the configurations shown in
Figs. 9 and 6, and the description thereof will be omitted.
[0148] According to the present embodiment, the pressure sensors 11 and 12 are disposed on the swing plate 21a
to be movable in an arc form through rotation of the swing plate 21a. The pressure sensors 11 and 12 are disposed to
output output signals with mutually reversed phases through the movement in the arc form.
[0149] An operation of the tilt sensor 1d according to the present embodiment is basically the same with that of the
second embodiment except that the pressure sensors 11 and 12 are swung, and thus the description thereof will be
omitted here.
[0150] According to the present embodiment, as described above, as the same with the second embodiment, two
pressure sensors 10 are disposed to output the output signals with the mutually reversed phases due to the swingmove-
ment, and the tilt information detection unit 40a detects tilt information of the detection target object according to the two
output signals with the mutually reversed phases and the movement information of the pressure sensors 10.
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[0151] Thus, the tilt sensor 1d according to the present embodiment obtain the same advantageous effects as those
of the fourth embodiment, can reduce the noise component contained in the output signals of the pressure sensors 10,
and thus can improve the S/N ratio as the same with the second embodiment.

[Sixth Embodiment]

[0152] Next, a tilt sensor 1e according to a sixth embodiment will be described with reference to the drawings.
[0153] Fig. 11 is a block diagram showing an example of the tilt sensor 1e according to the sixth embodiment.
[0154] As shown in Fig. 11, the tilt sensor 1e includes a pressure sensor 10, a movement mechanism 20b, a magnet
31, a position detection unit 32b, a synchronous clock signal generation unit 33, a power unit 34, a flexible substrate
35a, and a tilt information detection unit 40.
[0155] In Fig. 11, the same reference numerals are given to the same configuration as the configuration shown in
Figs. 1 and 9, and the description thereof will be omitted.
[0156] According to the present embodiment, an example of a case when the movement of the pressure sensor 10
is set as linear movement in which the pressure sensor 10 reciprocates in a linear form instead of the movement in the
circular form will be described.
[0157] The movement mechanism 20b includes a movement plate 25 (linear mover) on which the pressure sensor
10 is disposed and can move in the linear form, and the movement mechanism 20b linearly moves the pressure sensor
10 by moving the movement plate 25 in the linear form. That is, the movement mechanism 20b enables linear movement
in which the pressure sensor 10 reciprocates in the linear form. The movement mechanism 20b includes, for example,
a linear tracking mechanism 50, the motor control unit 22, and the motor 23.
[0158] The linear tracking mechanism 50 includes the rotary plate 21, a crank shaft 24, the movement plate 25, and
a rail 26, and the linear tracking mechanism 50 converts rotation movement of the rotary plate 21 into linear movement
(for example, linear movement in the X axis direction) of the movement plate 25.
[0159] The crank shaft 24 transfer the rotation movement of the rotary plate 21 to the movement plate 25 to convert
the rotation movement into the linear movement (for example, linear movement in the X axis direction (in the horizontal
state)).
[0160] The pressure sensor 10 and the magnet 31 are disposed on the movement plate 25 (which is an example of
the linear mover) and the movement plate 25 is moved via the crank shaft 24 in the linear form in the X axis direction
along the rail 26 in the horizontal state by the motor 23 when the rotary plate 21 is rotated by the motor 23.
[0161] The motor control unit 22 performs control such that the pressure sensor 10 is moved linearly by rotating the
rotary plate 21 at a predetermined rotation speed, as described above.
[0162] The position detection unit 32b (an example of the movement information detection unit) detects movement
information of the pressure sensor 10. For example, the position detection unit 32b is, for example, a magnetic detection
element such as a Hall element, and the position detection unit 32b detects a reference position of the movement plate
25 when the magnet 31 disposed on the movement plate 25 approaches and outputs a detection signal to the synchronous
clock signal generation unit 33.
[0163] Next, an operation of the tilt sensor 1e according to the present embodiment will be described.
[0164] In the tilt sensor 1e according to the present embodiment, when the pressure sensor 10 is linearly moved by
the movement mechanism 20b, the pressure sensor 10 outputs a periodic output signal according to a tilt of the detection
target object. The synchronous clock signal generation unit 33 generates a synchronous clock signal to detect a tilt in
a predetermined direction (for example, the X axis direction) according to information indicating a position of the movement
plate 25 detected by the position detection unit 32b. The tilt information detection unit 40 performs synchronous detection
according to the periodic output signal output via the flexible substrate 35a by the pressure sensor 10 and the synchronous
clock signal, and the tilt information detection unit 40 detects the tilt information (for example, the tilt angle θ) according
to a result of the synchronous detection.
[0165] The detailed operation of the tilt information detection unit 40 is the same as that of the above-described first
embodiment, and thus the description thereof will be omitted here.
[0166] As described above, according to the present embodiment, the movement mechanism 20b includes the move-
ment plate 25 (the linear mover) on which the pressure sensor 10 is disposed and the movement mechanism 20b linearly
moves the pressure sensor 10 by moving the movement plate 25 in the linear form.
[0167] Thus, the tilt sensor 1e according to the present embodiment can improve the detection precision of the tilt
information as in the first embodiment. Since the pressure sensor 10 outputs the periodic output signal through the linear
movement, the tilt sensor 1e according to the present embodiment can simplify the process of detecting the tilt information
of the detection target object using the synchronous detection.
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[Seventh embodiment]

[0168] Next, a tilt sensor 1f according to a seventh embodiment will be described with reference to the drawings.
[0169] Fig. 12 is a block diagram showing an example of the tilt sensor 1f according to the seventh embodiment.
[0170] As shown in Fig. 12, the tilt sensor 1f includes a pressure sensor 10, a movement mechanism 20b, a magnet
31, position detection units (32b-1 and 32b-2), a power unit 34, a flexible substrate 35a, and a tilt information detection
unit 40c.
[0171] In Fig. 12, the same reference numerals are given to the same configuration as the configuration shown in Fig.
11, and the description thereof will be omitted.
[0172] According to the present embodiment, an example of a case when tilt information is detected according to
outputs of the pressure sensor 10 at two positions to which the pressure sensor 10 is moved linearly instead of the
synchronization detection according to the periodic output signal of the pressure sensor 10 will be described.
[0173] The position detection units (32b-1 and 32b-2) have the same configuration as the position detection unit 32b,
and the position detection units (32b-1 and 32b-2) detect a movement position of the movement plate 25 when the
magnet 31 disposed on the movement plate 25 approaches and output detection signals to the tilt information detection
unit 40c. According to the present embodiment, when the position detection units (32b-1 and 32b-2) are any position
detection unit included in the tilt sensor 1f or are not particularly distinguished from each other, the position detection
units (32b-1 and 32b-2) will be described as the position detection units 32b.
[0174] For example, the position detection unit 32b-1 detects that the pressure sensor 10 is moved to a first position
and outputs a detection signal at the first position to the tilt information detection unit 40c. For example, the position
detection unit 32b-2 detects that the pressure sensor 10 is moved to a second position and outputs a detection signal
at the second position to the tilt information detection unit 40c. The first position and the second position are assumed
to be distant by a movement distance ΔD of the pressure sensor 10 moved in parallel to the rail 26.
[0175] The tilt information detection unit 40c detects the tilt information of the detection target object according to the
movement distance of the pressure sensor 10 and a change in an output value of the pressure sensor 10 to the movement
distance. For example, the tilt information detection unit 40c detects a tilt angle of the detection target object in the X
axis direction according to the movement distance ΔD between the first and second positions described above and the
change in the output value of the pressure sensor 10 to the movement distance ΔD. The tilt information detection unit
40c includes a tilt angle generation unit 42b.
[0176] The tilt angle generation unit 42b acquires the output value (voltage V1) of the pressure sensor 10 at the first
position at which the detection signal is output by the position detection unit 32b-1. The tilt angle generation unit 42b
acquires the output value (voltage V2) of the pressure sensor 10 at the second position at which the detection signal is
output by the position detection unit 32b-2. The tilt angle generation unit 42b calculates a change amount ΔVo (=V2-
V1) between the output value at the first position and the output value at the second position. Then, the tilt angle generation
unit 42b calculates the tilt angle θ according to the movement distance ΔD and the change amount ΔVo using the above-
described Expression (1). According to the present embodiment, the above-described movement distance ΔD is used
instead of the movement distance (23Rs) in Expression (1) .
[0177] As described above, according to the present embodiment, the tilt information detection unit 40c detects the
tilt information (for example, the tilt angle θ) of the detection target object according to the movement distance (for
example, the movement distance ΔD) of the pressure sensor 10 and the change in the output value (for example, the
change amount ΔVo) of the pressure sensor 10 to the movement distance.
[0178] Thus, the tilt sensor 1f according to the present embodiment can detect the tilt information with a simpler
configuration than the configuration using the synchronization detection described above.

[Eighth embodiment]

[0179] Next, a tilt sensor 1g according to an eighth embodiment will be described with reference to the drawings.
[0180] Fig. 13 is a block diagram showing an example of the tilt sensor 1g according to the eighth embodiment.
[0181] As shown in Fig. 13, the tilt sensor 1g includes a pressure sensor 10, a movement plate 25, a rail 26, a magnet
31, position detection units (32b-1, 32b-2, ..., and 32b-N), a power unit 34, a flexible substrate 35a, and a tilt information
detection unit 40d.
[0182] In Fig. 13, the same reference numerals are given to the same configuration as the configuration shown in Fig.
12, and the description thereof will be omitted.
[0183] According to the present embodiment, another example of a case when the tilt information is detected according
to outputs of the pressure sensor 10 linearly moved at two positions will be described. The present embodiment is
different from the seventh embodiment in that the movement mechanism 20b is not included, the movement plate 25
with no motor 23 and the rail 26 are included, and the pressure sensor 10 is linearly moved by an external force,
acceleration, or the like.
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[0184] According to the present embodiment, the movement plate 25 includes the pressure sensor 10 and the magnet
31, and the movement plate 25 is configured to be linearly movable freely along the rail 26 (linear tracking) . For example,
the movement plate 25 is moved along the rail 26 by an external force (for example, an acceleration component in a
measurement axis direction (the X axis direction)), a human force, or the like applied to the detection target object.
[0185] The position detection units (32b-1, 32b-2, ..., and 32b-N) have the same configuration as the position detection
unit 32b, and the position detection units (32b-1, 32b-2, ..., and 32b-N) detect a movement position of the movement
plate 25 when the magnet 31 disposed on the movement plate 25 approaches and output detection signals to the tilt
information detection unit 40d. According to the present embodiment, when the position detection units (32b-1, 32b-2,
..., and 32b-N) are any position detection unit included in the tilt sensor 1g or are not particularly distinguished from
each other, the position detection units (32b-1, 32b-2, ..., and 32b-N) will be described as the position detection units 32b.
[0186] A positional relation among the position detection units (32b-1, 32b-2, ..., and 32b-N) is assumed to be decided
in advance. For example, the position detection units (32b-1, 32b-2, ..., and 32b-N) are disposed at a predetermined
position interval and a movement distance of the pressure sensor 10 can be detected in accordance with the outputs of
the position detection units (32b-1, 32b-2, ..., and 32b-N).
[0187] The tilt information detection unit 40d detects the tilt information of the detection target object according to the
movement distance of the pressure sensor 10 and a change in the output value of the pressure sensor 10 to the movement
distance. For example, the tilt information detection unit 40d detects the tilt angle of the detection target object in the X
axis direction according to the movement distance ΔD obtained in accordance with outputs of two position detection
units among the plurality of position detection units 32b described above and a change in the output value of the pressure
sensor 10 with respect to the movement distance ΔD. The tilt information detection unit 40d includes a tilt angle generation
unit 42c.
[0188] The tilt angle generation unit 42c acquires the output value (voltage V1) of the pressure sensor 10 at the first
position and the output value (voltage V2) of the pressure sensor 10 at the second position, the first position and the
second position being positions at which the detection signals are output by two position detection units among the
position detection units (32b-1, 32b-2, ..., and 32b-N). The tilt angle generation unit 42c calculates a change amount
ΔVo (=V2-V1) between the output value at the first position and the output value at the second position. Then, the tilt
angle generation unit 42c calculates the tilt angle θ according to the movement distance ΔD and the change amount
ΔVo using the above-described Expression (1). According to the present embodiment, the above-described movement
distance ΔD is used instead of the movement distance (23Rs) in Expression (1).
[0189] For example, when the detection signals obtained by detecting the magnet 31 within a predetermined period
are output from three or more position detection units 32b, the tilt angle generation unit 42c may select two position
detection units 32b which are most distant among the three or more position detection units 32b and the tilt angle
generation unit 42c may set a distance between the most distant two position detection units 32b as the movement
distance ΔD. In this case, for example, the tilt angle generation unit 42c calculates the tilt angle θ according to the change
amount ΔVo at the positions of the two position detection units 32b which detect the magnet 31 at the most distant
positions and the distance (the movement distance ΔD) between the two position detection units 32b.
[0190] As described above, the tilt sensor 1g according to the present embodiment includes the movement plate 25
and the rail 26 without including the movement mechanism 20b according to the seventh embodiment and the tilt sensor
1g linearly moves the pressure sensor 10 by an external force, acceleration, or the like. Then, the tilt information detection
unit 40d detects the tilt information (for example, the tilt angle θ) of the detection target object according to the movement
distance (for example, the movement distance ΔD) of the pressure sensor 10 and the change in the output value (for
example, the change amount ΔVo) of the pressure sensor 10 to the movement distance.
[0191] Thus, the tilt sensor 1g according to the present embodiment can detect the tilt information in the simpler
configuration than when the above-described synchronization detection is used.
[0192] The present invention is not limited to the foregoing embodiments and can be modified in the scope of the
present invention without departing from the gist of the present invention.
[0193] For example, in the foregoing embodiment, the example in which the pressure sensor 10 is moved to output
the periodic output signal and the tilt information detection unit 40 (40a, 40b) detects the tilt information according to the
periodic output signal has been described, but the present invention is not limited thereto. For example, the tilt information
detection unit 40 (40a, 40b) may detect the tilt angle θ using the above-described Expression (1) according to the output
values of two pressure sensors 10 at two positions before and after the movement or two positions on the movement
path and the distance information of the two positions as in the tilt information detection unit 40c (40d).
[0194] In the foregoing embodiments, the example in which the movement mechanism 20 (20a, 20b) includes the
motor 23 and the movement mechanism 20 (20a, 20b) actively moves the pressure sensor 10 has been described, but
the present invention is not limited thereto. For example, the tilt sensor 1 (1a to 1f) may not include the movement
mechanism 20 (20a, 20b) as in the seventh embodiment and the pressure sensor 10 may be moved passively by a
windmill, a water wheel, or a human force. The movement path of the pressure sensor 10 is not limited to the above-
described movement path and the pressure sensor 10 may be moved along another movement path.
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[0195] In the foregoing embodiments, the example in which the tilt information detection unit 40 (40a, 40b) detects
the change amount of the output signal of the pressure sensor 10 using the synchronization detection has been described,
but the present invention is not limited thereto. For example, the tilt information detection unit 40 (40a, 40b) may use a
rectifier circuit or a peak-hold circuit or may detect the change amount of the output signal of the pressure sensor 10 by
a difference before and after the movement.
[0196] In the foregoing first to third embodiments, the example in which the slip ring 35 is used as signal transmission
means for transmitting the output signal output from the pressure sensor 10 to the tilt information detection unit 40 has
been described. For example, another means such as a rotary connector, wireless communication, or optical transmission
by a photo-coupler may be used instead of the slip ring 35. As means for supplying a power voltage (supply power) to
the pressure sensor 10, means such as providing a battery in a rotary connector, a wireless power supply, or the rotary
plate 21 may be used instead of the slip ring 35.
[0197] In the foregoing fourth to sixth embodiments, means for supplying the above-described power voltage (supply
power) and signal transmission means may be used instead of the flexible substrate 35a.
[0198] In the foregoing embodiments, the example in which the Hall element is used as the movement information
detection unit (the rotation detection unit 32, the swing detection unit 32a, and the position detection unit 32b) has been
described. However, Instead of the Hall element, for example, a microswitch, an encoder, or an optical sensor may be
used. The rotary plate 21, the swing plate 21a, or the movement plate 25 may include a movement information detection
unit such as a Hall element and the magnet 31 may be disposed on a movement path of the rotary plate 21, the swing
plate 21a, or the movement plate 25.
[0199] In the foregoing embodiments, the example in which the pressure sensor 10 is a difference pressure sensor
has been described. For example, a pressure sensor of another scheme such as an absolute pressure sensor may be
used.
[0200] In the foregoing embodiments, the example in which the tilt angle θ of the detection target object is detected
as an example of the tilt information has been described, but the present invention is not limited thereto. For example,
another information such as horizontality or information indicating whether the detection target object is tilted may be
used. The tilt information detection unit 40 (40a, 40b) may output information indicating a result of the synchronization
detection as tilt information and may perform the process of the tilt angle generation unit 42 (42a) outside of the tilt
sensor 1 (1a to 1e). That is, the tilt sensor 1 (1a to 1e) may not include the tilt angle generation unit 42 (42a) and the tilt
angle generation unit 42 (42a) may perform the process outside of the tilt sensor 1 (1a to 1e).
[0201] A computer system may be included inside the above-described tilt information detection unit 40 (40a, 40b,
40c, and 40d). A procedure of the process of detecting the above-described tilt information is stored in a computer-
readable recording medium in a program format and the foregoing process is performed when a computer reads and
executes the program. Here, the computer-readable recording medium is a magnetic disk, a magneto-optical disc, a
CD-ROM, a DVD-ROM, or a semiconductor memory. The computer program may be transmitted to a computer via a
communication line and the computer receiving the transmitted computer program may execute the computer program.
[0202] Some or all of the functions of the above-described tilt information detection unit 40 (40a, 40b, 40c, and 40d)
may be realized as an integrated circuit of a large scale integration (LSI) or the like. Each of the above-described functions
may be individually realized as a processor or some or all of the functions may be integrated and realized as processors.
An integrated circuit forming scheme is not limited to the LSI, but may be realized by a dedicated circuit or a general-
purpose processor. When an integrated circuit forming technology with which the LSI is substituted with an advance of
semiconductor technologies appears, an integrated circuit by the technology may be used.
[0203] Some or all of the functions of the above-described tilt information detection unit 40 (40a, 40b, 40c, and 40d)
may be realized as simple circuits using a discrete component (for example, a single-function component or a simplex
element) such as a comparator.

[Reference Signs List]

[0204]

1, 1a, 1b, 1c, 1d, 1e, 1f, 1g Tilt sensor
2 Detection target object
10, 11, 12, 13, 14 Pressure sensor
20, 20a, 20b Movement mechanism
21 Rotary plate
21a Swing plate
22 Motor control unit
23 Motor
24 Crank shaft
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25 Movement plate
26 Rail
31 Magnet
32 Rotation detection unit
32a Swing detection unit
32b, 32b-1, 32b-2, 32b-N Position detection unit
33, 33a Synchronous clock signal generation unit
34 Power unit
35 Slip ring
35a Flexible substrate
40, 40a, 40b, 40c, 40d Tilt information detection unit
41, 41a Synchronization detection unit
42, 42a, 42b, 42c Tilt angle generation unit
43, 43a Difference generation unit
50 Linear tracking mechanism

Claims

1. A tilt sensor comprising:

a pressure sensor disposed to be relatively movable with respect to a detection target object and configured to
detect pressure of a fluid; and
a tilt information detection unit configured to detect tilt information of the detection target object according to an
output of the pressure sensor and movement information of the pressure sensor.

2. The tilt sensor according to claim 1, further comprising:

a movement mechanism configured to move the pressure sensor relative to the detection target object along
a predetermined movement path,
wherein the tilt information detection unit detects the tilt information of the detection target object according to
the output of the pressure sensor and the movement information of the pressure sensor moved along the
predetermined movement path by the movement mechanism.

3. The tilt sensor according to claim 2,
wherein the movement mechanism includes a rotator on which the pressure sensor is disposed, and the movement
mechanism moves the pressure sensor in a circular form by rotating the rotator.

4. The tilt sensor according to claim 2,
wherein the movement mechanism includes a rotator on which the pressure sensor is disposed, and the movement
mechanism moves the pressure sensor in an arc form by rotating the rotator.

5. The tilt sensor according to claim 2,
wherein the movement mechanism includes a linear mover on which the pressure sensor is disposed and which is
capable of moving in a linear form, and the movement mechanism moves the pressure sensor in the linear form by
moving the linear mover.

6. The tilt sensor according to any one of claims 2 to 5,
wherein the tilt information detection unit performs synchronization detection according to a periodic output signal
output from the pressure sensor moved along the predetermined movement path and a reference signal which is
according to the movement information, and the tilt information detection unit detects the tilt information of the
detection target object according to a result of the synchronization detection.

7. The tilt sensor according to claim 6, further comprising:

a reference signal generation unit configured to generate the reference signal corresponding to a tilt in a pre-
determined direction according to the movement information,
wherein the tilt information detection unit performs the synchronization detection according to the reference
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signal generated by the reference signal generation unit and the periodic output signal output from the pressure
sensor, and the tilt information detection unit detects the tilt information of the detection target object in the
predetermined direction according to the result of the synchronization detection.

8. The tilt sensor according to any one of claims 1 to 7,
wherein a plurality of pressure sensors are included, and
wherein the tilt information detection unit detects the tilt information of the detection target object according to outputs
of the plurality of pressure sensors and the movement information of the pressure sensors.

9. The tilt sensor according to claim 8,
wherein two of the pressure sensors are disposed to output periodic output signals with mutually reversed phases
due to a predetermined movement, and
wherein the tilt information detection unit detects the tilt information of the detection target object according to the
two output signals with the mutually reversed phases and the movement information of the pressure sensors.

10. The tilt sensor according to claim 8 or 9,
wherein two of the pressure sensors are disposed to output periodic output signals with phases mutually deviated
by 90 degrees due to a predetermined movement, and
wherein the tilt information detection unit detects the tilt information of the detection target object according to the
two output signals with the phases deviated by 90 degrees and the movement information of the pressure sensor.

11. The tilt sensor according to any one of claims 1 to 10,
wherein the tilt information detection unit detects the tilt information of the detection target object according to a
movement distance of the pressure sensor and a change in an output value of the pressure sensor with respect to
the movement distance.

12. The tilt sensor according to any one of claims 1 to 11, further comprising
a movement information detection unit configured to detect the movement information of the pressure sensor.
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