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Description

[Technical Field]

[0001] The present disclosure relates to a vibration
damper to suppress vibration of an electronic device and
an electronic device incorporating the same.

[Background Art]

[0002] When an image capturing device such as a dig-
ital camera or a video camera is carried in a user’s hand
or mounted on, for example, a vehicle, vibrations are gen-
erated in the image capturing device due to slight move-
ments of the hand or the shake of the vehicle. Such a
vibration might cause poor-resolution images.
[0003] In view of such circumstances, the technology
is proposed that utilizes the principle that a flywheel,
which is a rotating body, attempts to maintain its posture
to prevent the rotational movement of the image captur-
ing device that occurs during the operation of capturing
an image and support a spring with an arm, absorbing a
translational motion, i.e., vertical vibration of the image
capturing device (see, for example, Patent Document 1).

[Citation List]

[Patent Literature]

[0004] [PTL 1] JP-3845430-B 
[0005] A conventional vibration damper is disclosed in
JP 10142646 A.

[Summary of Invention]

[Technical Problem]

[0006] In the technology to absorb the transitional mo-
tion with a spring, however, the advantageous effects
that damp the vibration is restricted by frequency re-
sponse characteristic of a spring, and thereby a control-
lable frequency bandwidth is narrow. Thus, the advanta-
geous effects are exhibited only to limited vibrations.

[Solution to Problem]

[0007] In view of the above, there is provided vibration
damper as defined in independent claim 1.

[Advantageous Effects of Invention]

[0008] Accordingly, one or more embodiments of the
present invention can provide a vibration damper capable
of suitably damping generated vibration and an electronic
device incorporating the vibration damper.

[Brief Description of Drawings]

[0009]

[FIG. 1]
FIG. 1 is an illustration of an example configuration
of an image capturing device as an electronic device
mountable on a vibration damper.
[FIG. 2]
FIG. 2 is an illustration for explaining how the image
capturing device of FIG. 1 is used.
[FIG. 3A]
FIG. 3A is a perspective view of an example of the
vibration damper illustrated in FIG. 1.
[FIG. 3B]
FIG. 3B is a front view of an example of the vibration
damper illustrated in FIG. 1.
[FIG. 3C]
FIG. 3C is a side view of an example of the vibration
damper illustrated in FIG. 1.
[FIG. 4]
FIGs. 4A through 4D (FIG. 4) are illustrations of an
example of an internal structure of the vibration
damper.
[FIG. 5]
FIG. 5 is an illustration of one frame obtained by si-
multaneously capturing a moving image of a person
and a mountain.
[FIG. 6]
FIG. 6 is an illustration of one frame in a case where
the image capturing device rotationally moves while
capturing a moving image.
[FIG. 7]
FIG. 7 is an illustration of one frame in a case where
the image capturing device moves in parallel while
capturing a moving image.
[FIG. 8]
FIG. 8 is an illustration of an example of a support
section (an actuator) included in the vibration damp-
er.
[FIG. 9]
FIG. 9 is a flowchart of processing according to a
first Example performed by the vibration damper.
[FIG. 10]
FIG. 10 is a flowchart of an example of a correction
process for a translational movement.
[FIG. 11]
FIG. 11 is a block diagram of an example of signal
transmission in correction of the translational move-
ment of the image capturing device.
[FIG. 12]
FIG. 12 is a flowchart of an example of a correction
process of the rotational movement of the image cap-
turing device.
[FIG. 13]
FIG. 13 is a block diagram of an example of vibration
transmission in correction of the rotational move-
ment of the image capturing device.
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[FIG. 14]
FIG. 14 is a flowchart of processing according to a
second Example performed by the vibration damper.
[FIG. 15]
FIGs. 15A and 15B are illustrations of how a movable
section moves to an initial position.
[FIG. 16]
FIG. 16 is a graph of a change in amount of current
input to the actuator after calibration processing is
started.
[FIG. 17]
FIG. 17 is a flowchart of processing according to a
third Example performed by the vibration damper;
[FIG. 18]
FIG. 18 is a flowchart of processing according to a
fourth Example performed by the vibration damper.
[FIG. 19]
FIG. 19 is a block diagram of another example of
signal transmission in correction of the translational
movement of the image capturing device.
[FIG. 20]
FIG. 20 is a graph of an example of acceleration
before passing through a high-pass filter (HPF) and
an example of acceleration after passing through the
HPF.
[FIG. 21]
FIG. 21 is a graph of filtering characteristics of the
HPF.
[FIG. 22]
FIG. 22 is a graph of the characteristics when the
HPF cutoff frequency is lowered.
[FIG. 23]
FIG. 23 is a graph of each correction target value
when a 2 (hertz) Hz swing occurs.
[FIG. 24]
FIG. 24 is a graph of an error amount from a correct
correction target value.
[FIG. 25]
FIG. 25 is an illustration of a movable range of the
movable section.
[FIG. 26]
FIG. 26 is an illustration of the movable section that
is moved to contact the upper limit of the movable
range.
[FIG. 27]
FIG. 27 is a flowchart of processing according to a
fifth Example performed by the vibration damper.
[FIG. 28]
FIG. 28 is an illustration of the position of the movable
section within the movable range.
[FIG. 29]
FIG. 29 is a flowchart of processing according to a
sixth Example performed by the vibration damper.
[FIG. 30]
FIG. 30 is a flowchart of processing according to a
seventh Example performed by the vibration damp-
er.
[FIG. 31]

FIG. 31 is a flowchart of processing according to an
eighth Example performed by the vibration damper.

[Description of Embodiments]

[0010] FIG. 1 is a diagram showing a configuration ex-
ample of an image capturing device 10 as an electronic
device provided with a vibration damper 11. In the present
embodiment, examples of the image capturing device 10
as an electronic device includes a digital camera or a
video camera. However, no limitation is intended therein.
[0011] The image capturing device 10 has a thread
groove 8 to connect with, for example, a tripod stand that
stably supports the image capturing device 10, which pre-
vents hand movement (camera shake) or allows captur-
ing an image with a user’s hands free.
[0012] Here, a description is given of a configuration
of a camera as an example of the image capturing device
10. The camera includes an optical system, an image
sensor, and an image processing system. The optical
system includes a plurality of lenses. The image sensor
converts incident light having passed through the plurality
of lenses into an electric signal. Examples of the image
sensor include, for example, a charge couple device
(CCD) image sensor and a complementary metal oxide
semiconductor (CMOS) image sensor. The image
processing system includes an analog-to-digital (A/D)
converter, a storage device such as a dynamic random
access memory (DRAM), an application specific integrat-
ed circuit, which is an integrated circuit for specific appli-
cation, an input/output interface (I/F), a communication
I/F, and a battery. These components are well known in
the art, and thus its description is omitted.
[0013] The vibration damper 11 has a tripod screw 12
screwed into the thread groove 8 of the image capturing
device 10 to connect with the image capturing device 10.
Further, the vibration damper 11 is mounted with a battery
13 to supply power to operate various internal electronic
components. The vibration damper 11 of FIG. 1 has the
tripod screw 12 protruding from the top of the vibration
damper 11, having the battery 13 attached to the bottom
of the vibration damper 11.
[0014] FIG. 2 is an illustration of the manner in which
a user as a photographer uses the image capturing de-
vice 10 mounted on the vibration damper 11. The vibra-
tion damper 11 has a size that allows the user to use it
with one hand. The vibration damper 11 may have a
shape, such as a cylinder, a square prism, a triangular
prism, a cone, or a quandrangular pyramid. With such a
configuration, the user can hold the vibration damper 11,
instead of the image capturing device 10, with one hand
to capture a moving image. Although the image capturing
device 10 is capable of capturing a still image, the fol-
lowing describes the cases where the image capturing
device 10 is used to capture a moving image.
[0015] The user holds the vibration damper 11 with one
hand, thereby supporting the image capturing device 10,
so that vibration is transmitted to the vibration damper
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11. The vibration damper 11, however, damps the input
vibration, and thereby reduces the vibration to be trans-
mitted to the image capturing device 10 mounted on the
vibration damper 11. As a result, the image capturing
device 10 can capture an image with reduced vibration.
[0016] FIGs. 3A, 3B, and 3C are a perspective view, a
front view, and a side view of an example of the vibration
damper 11 to damp the vibration to be transmitted to the
image capturing device 10, respectively. The vibration
damper 11 includes the tripod screw 12 protruding be-
yond the top of the vibration damper 11. Further, as il-
lustrated in FIG. 4A, the tripod screw 12 is connected to
a movable section 20 within a housing 21 of the vibration
damper 11. The movable section 20 can move the image
capturing device 10 in at least one direction. In the
present embodiment, the movable section 20 moves the
image capturing device 10 in the vertical direction as an
example of at least one direction. The movable section
20 is connected to the tripod screw 12 and moves togeth-
er with the tripod screw 12 in the vertical direction. The
movable section 20 and the tripod screw 12 may be joined
by welding or may be connected by fitting or adhesion.
[0017] FIG. 4A is a sectional view of an internal struc-
ture taken along line A-A in the front view in FIG. 3B. FIG.
4B is a sectional view of an internal structure taken along
line B-B in the front view FIG. 3B. FIG. 4C is a sectional
view of an internal structure taken along line C-C in the
side view of FIG. 3C. FIG. 4D is a sectional view of an
internal structure taken along line D-D in FIG. 4B.
[0018] The vibration damper 11 includes at least the
movable section 20, an actuator 22, a printed circuit
board (PCB) substrate 26, a memory 27, a gyro sensor
28, an acceleration sensor 29, a computing chip 30, a
magnetic tape 31, and a magnetic sensor (Hall sensor)
32 in the interior of the housing 21. The actuator 22 as a
support section movably supports the movable section
20. The actuator 22 includes coils 23, permanent mag-
nets 24, and iron-plate yokes 25.
[0019] In FIG. 4A, the PCB substrate 26 is disposed
between the movable section 20 and the housing 21. On
the PCB substrate 26, the acceleration sensor 29, the
memory 27, the computing chip 30, and the gyro sensor
28 are mounted. The gyro sensor 28 is one example of
a rotation detector that detects information on rotational
movement around the center of gravity of the vibration
damper 11 mounted with the image capturing device 10.
The acceleration sensor 29 is one example of a vibration
detector that detects vibration of the vibration damper
11. The computing chip 30 is one example of a computing
unit that calculates an amount of correction for a displace-
ment amount in a displacement direction due to the vi-
bration. The memory 27 is one example of a storage unit
that stores detection results of the rotation detector.
[0020] As the rotation detector, the gyro sensor 28 that
measures a rotation angle (angular velocity) per unit time
as a component of rotational movement is used. As the
vibration detector, the acceleration sensor 29 that meas-
ures acceleration as a component of translational move-

ment is used. Since these are only examples, other de-
vices may be adopted as long as they can detect infor-
mation on rotational movement and information on trans-
lational movement. As the computing unit, the computing
chip 30 including a central processing unit (CPU) and a
micro processor unit (MPU) may be used.
[0021] Further, the magnetic sensor 32, which is one
example of a movement-amount detector to detect an
amount of movement of the movable section 20, is pro-
vided in the interior of the housing 21. The magnetic tape
31 is attached to the outer surface of the movable section
20 to extend in the vertical direction. The magnetic sensor
32 as the movement-amount detector detects the amount
of movement by detecting the magnetism from the mag-
netic tape 31. In FIG. 4A, the magnetic sensor 32 is dis-
posed facing the magnetic tape 31 on back of the surface
of the PCB substrate 26 on which the gyro sensor 28 is
mounted.
[0022] When the user captures an image, holding the
vibration damper 11 mounted with the image capturing
device 10 in one hand, the acceleration sensor 29 detects
acceleration with respect to the translational movement
that is a vertical swing. The acceleration detected by the
acceleration sensor 29 is input to the computing chip 30
as information of translational movement. The computing
chip 30 performs an integral operation using the input
information and calculates the amount of displacement
in a direction of displacement direction (displacement di-
rection in which the movable section is displaced). Based
on the calculated amount of displacement, the computing
chip 30 calculates an amount of correction for moving
the movable section 20 by the amount of displacement
in a direction to cancel the displacement, that is, in a
direction opposite to the displacement direction. The
computing chip 30 further makes an instruction to move
the movable section 20 by the amount of correction in
the direction to cancel the displacement. The actuator 22
moves the movable section 20 by the amount of correc-
tion in the direction to cancel the displacement.
[0023] When the actuator 22 moves the movable sec-
tion 20, the magnetic sensor 32 detects the amount of
movement and inputs the detected amount of movement
to the computing chip 30, as a detection result. The com-
puting chip 30 calculates an amount of difference be-
tween the amount of correction and the input amount of
movement. The vibration damper 11 includes a propor-
tional integral differential (PID) as a controller to perform
a feedback control to reduce the amount of difference.
In the present embodiment, the PID controller 33 per-
forms a feedback control. However, the computing chip
30 may perform the feedback control. The PID controller
33 may be provided on the PCB board 26.
[0024] At the time of capturing an image, the rotational
movement occurs together with the translational move-
ment. The gyro sensor 28 detects the angular velocity
for the rotational movement.
[0025] Here, a description is given of a difference in
images between the cases of vibrations due to transla-
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tional motion and rotational motion. FIG. 5 is an illustra-
tion of one frame (one of a plurality of still images con-
stituting a moving image) of a moving image obtained by
simultaneously capturing a moving image of a person 40
at a short distance from the image capturing apparatus
10 and a mountain 41 existing at a distance. FIG. 6 is an
illustration of a case where the image capturing device
10 rotationally moves. In the image 42 of one frame, the
person 40 and the mountain 41 move together in the
direction indicated by arrow in FIG. 6. The rotational
movement is regarded as a change in angle relative to
the horizontal direction in which the optical axis perpen-
dicular to the lens surface is directed with the center of
gravity of the image capturing device 10 as the center.
FIG. 7 is an illustration of a case where the image cap-
turing device 10 makes a translational movement in the
vertical direction. In the image 42 of one frame, the per-
son 40 near the image capturing device 10 moves in the
direction indicated by arrow in FIG. 7 while the mountain
41 far away from the image capturing device 10 hardly
moves.
[0026] As described above, with respect to the rota-
tional movement, since both the nearby person 40 and
the distant mountain 41 move together, a shaky, or out-
of-focus, moving image can be corrected to a sharper
image by changing the coordinate of the entire image 42
of each frame after capturing the moving image. On the
other hand, with respect to the translational movement,
only the nearby person 40 moves, and correcting only
the person 40 separately by image processing is impos-
sible. This is why a mechanical correction is performed
for the translational movement.
[0027] Since the rotational movement may be correct-
ed after capturing an image, the angular velocity detected
by the gyro sensor 28 is stored in the memory 27 as
information regarding rotational movement, that is, an-
gular velocity information. The computing chip 30 read-
outs the angular velocity information from the memory
27 after capturing an image, and calculates the amount
of correction of the rotational movement component.
[0028] One method of calculating the amount of cor-
rection of the rotational movement component by the
computing chip 30 is described. First, a moving image
obtained by a moving-image capturing operation is de-
composed into frames to obtain still images. Each of the
still images is shifted one time by an amount obtained by
multiplying an angle, which has been obtained by inte-
grating the angular velocity, by the focal length. The cor-
rected still images are then combined as one moving
image. Since this method is only an example, any other
methods may be adopted as long as the same advanta-
geous effects can be obtained.
[0029] In the configuration illustrated in FIG. 4A, the
angular velocity information of the angular velocity de-
tected by the gyro sensor 28 is stored in the memory 27,
but the present disclosure is not limited to this. Alterna-
tively, in some embodiments, the vibration damper 11
further includes a communicator such as a communica-

tion I/F to transmit the angular velocity information to an
external device such as a personal computer (PC). In
this configuration, a correction for the above-described
rotational movement is calculated by the external device,
and transmitted to the vibration damper 11.
[0030] Next, a description is given of the actuator 22
with referring to FIG. 8. The actuator 22 includes the two
coils 23 disposed between the permanent magnets 24
attached to the iron-plate yokes 25. The two coils 23 are
disposed, for example, to be fitted to two legs of the mov-
able section 20 that is substantially U-shaped (with all
right angles) as illustrated in FIG. 4C. The permanent
magnets 24 are attached to the iron-plate yokes 25 in
the following manner. One of the iron-plate yokes 25 in
the center contacts the south (S) pole of the permanent
magnets 24. The iron-plate yokes 25 disposed on the
inner surface of the housing 21, i.e., on the side of the
outer circumference (outer circumferential side) of the
housing 21 contact the north (N) pole of the permanent
magnets 24. The iron-plate yoke 25 in the center has the
lowest part connected to the bottom surface of the casing
having a hollow structure. Each set of the two coils 23 is
disposed between the permanent magnet 24 attached
to the iron-plate yoke 25 in the center and the permanent
magnet 24 attached to the iron-plate yoke 25 on the outer
circumferential side. Accordingly, magnetic fields are
generated in directions indicated by arrows in FIG. 8 from
the center toward the outer circumference of the housing
21.
[0031] Electric current flows through the two coils 23.
In the example illustrated in FIG. 8, the electric current
flows through the coils 23 on the left side in a direction
from the front side toward the rear side with respect to
the surface of the paper on which FIG. 8 is drawn. Further,
the electric current flows through the coils 23 on the right
side in a direction from the rear side toward the front side
with respect to the surface of the paper. In this configu-
ration, a force (drive force) is generated in a direction
(upward direction) opposite of the direction indicated by
arrow (according to Fleming’s left hand rule). With a
change in direction of current flow, a drive force can be
generated in downward direction. Accordingly, generat-
ing the drive force can vertically move the movable sec-
tion 20 provided with the two sets of the coils 23.
[0032] The vibration damper 11 corrects the transition-
al movement by mechanically moving the movable sec-
tion 20 in the vertical direction. The vibration damper 11
also corrects the rotational movement by obtaining the
angular velocity information, storing the obtained angular
velocity information, and reading out the stored angular
velocity information after the image-capturing operation
to correct a captured image. Thus, the configuration ac-
cording to the present embodiment can achieve a com-
pact vibration damper with additional minimum number
of mechanical elements and electronic components
while preventing quality deterioration of the captured im-
age.
[0033] Instead of the configuration that absorbs the
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translational movement with a spring, adopting the me-
chanical correction that utilizes the above-described ac-
tuator 22 can increase the control bandwidth of vibration
in the vertical direction. In addition, adopting the mechan-
ical correction can also downsize the vibration damper
11, which allows the vibration damper 11 to be used with
one hand when attached to an electronic device such as
the image capturing device 10.
[0034] The following describes processing performed
by the vibration damper 11 as illustrated in FIGs. 3A
through 3C and 4A through 4C, referring to FIG. 9. The
vibration damper 11, which is mounted with the battery
13, starts the processing when powered on. The vibration
damper 11 is powered on by the user’s pressing a power
key. Alternatively, in some embodiments, the vibration
damper 11 may be powered on in response to an input
of a signal transmitted from an external device connected
with the vibration damper 11 via a network or through a
wired connection. The vibration damper 11 performs a
correction process on a transitional movement in step
S905.
[0035] In step S910, the user starts capturing an image
using the image capturing device 10. In step S915, the
vibration damper 11 obtains data of a rotational move-
ment. In other words, the gyro sensor 28 detects an an-
gular velocity of the vibration damper 11. In step S920,
the vibration damper 11 stores the data of the detected
angular velocity in the memory 27 as angular velocity
information. In step S925, the computing chip 30 of the
vibration damper 11 performs a correction process on
the rotational movement after an image is captured.
[0036] In step S930, the vibration damper 11 deter-
mines whether power is off under control of the computing
chip 30. When the vibration damper 11 is still powered
on, the process returns to step S905 to perform the cor-
rection process of the transitional movement in prepara-
tion for the next image-capturing process. When the vi-
bration damper 11 is powered off, the processing ends.
[0037] A detailed description is given of the correction
process of the transitional movement in step S905 of FIG.
9, referring to FIGs. 10 and 11. FIG. 10 is a flowchart of
an example of the correction process of the transitional
movement. FIG. 11 is a block diagram of an example of
a signal transmission in the correction process of the tran-
sitional movement. The following describes the correc-
tion process of the transitional movement referring to
FIG. 10. In step S1000, the acceleration sensor 29 first
detects a shake in the vertical direction which is a trans-
lational motion as vibration. The vibration is detected as
acceleration. The acceleration sensor 29 outputs accel-
eration information of the detected acceleration to the
computing chip 30.
[0038] In step S1005, the computing chip 30 performs
an integral operation using the acceleration information
detected in step S1000 to calculate an amount of dis-
placement. The amount of displacement can be obtained
by integrating acceleration twice in time. In step S1010,
the computing chip 30 calculates an amount of correction

by multiplying the amount of displacement obtained in
step S1005, by the image-capturing magnification. The
image-capturing magnification represents the ratio of the
size of the image captured on the image-capturing sur-
face of the image sensor of the image capturing device
10 to the actual size of the image-capturing target. The
information on the image-capturing magnification may
be acquired from the image capturing device 10 or may
be set in advance. When acquiring from image capturing
device 10, the vibration damper 11 can acquire the infor-
mation of the image-capturing magnification by commu-
nicating with the image capturing device 10 using, for
example, a communication I/F. Then, the computing chip
30 instructs the actuator 22 to move the movable section
20 in a direction to cancel the displacement.
[0039] In step S1015, the actuator 22 moves the mov-
able section 20 in the direction to cancel the displacement
based on the amount of correction obtained by the com-
puting chip 30 in step S1010. In step S1020, the magnetic
sensor 32 detects the amount of movement of the mov-
able section 20 moved by the actuator 22 in step S1015.
The magnetic sensor 32 outputs the detected amount of
movement to the computing chip 30, as movement-
amount information. In step S1025, the computing chip
30 calculates an amount of difference between the
amount of correction and the amount of movement using
the movement-amount information detected by the mag-
netic sensor 32 in step 1020. Then, in step S1030, the
PID controller 33 performs a feedback control to reduce
the amount of difference obtained by the computing chip
30 in step S1025.
[0040] The following further describes the correction
process of the transitional movement, referring to FIG.
11. First, the acceleration sensor 29 acquires the accel-
eration (m/s2) of the vibration damper 11 as a signal, and
outputs the acceleration information to the computing
chip 30. Since the vibration in the vertical direction in-
cludes gravitational components, the computing chip 30
applies a high pass filter (HPF) to remove the gravity
components from the acceleration information. Next, the
computing chip 30 integrates the acceleration informa-
tion, from which the gravity components have been re-
moved, by time once to obtain the speed (m/s). In the
case of the integral operation, measurement error com-
ponents caused by various factors are accumulated in
time, so the computing chip 30 applies the HPF to remove
the measurement error components from the speed.
Thereafter, the computing chip 30 integrates the speed,
at which the measurement error components have been
removed, by time once, and thereby obtains the amount
of displacement (displacement amount) (m).
[0041] The computing chip 30 calculates the amount
of correction by multiplying the displacement amount by
the image-capturing magnification. The PID controller 33
determines a degree of drive force of the actuator 22
based on the amount of correction. Further, the PID con-
troller 33 determines the direction and amount of electric
current to flow into the two coils 23 based on the level of
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the drive force. The PID controller 33 lets the electric
current to flow into the two coils 23 according to the de-
termined amount and direction, thus to drive the actuator
22. The actuator 22 moves the movable section 20.
[0042] The magnetic sensor 32 detects the amount of
movement of the movable section 20 and outputs the
movement-amount information to the computing chip 30.
The computing chip 30 calculates an amount of differ-
ence between the amount of movement and the amount
of correction. The PID controller 33 performs a feedback
control so as to reduce the amount of difference, and
drives the actuator 22 to move the movable section 20,
repeating the process of calculating the amount of differ-
ence.
[0043] Next, a detailed description is given of the cor-
rection process of the rotational movement in step S925
in FIG. 9, referring to FIGs. 12 and 13. FIG. 12 is a flow-
chart of an example of the correction process of the ro-
tational movement. FIG. 13 is a block diagram of an ex-
ample of a signal transmission in the correction process
of the rotational movement. Since the correction process-
ing of rotational movement is performed after the image-
capturing operation, the correction processing of rota-
tional movement may be executed within the vibration
damper 11 or may be executed by other information
processing device such as a PC. To execute this process,
the vibration damper 11 may include, for example, a com-
munication I/F or an external storage I/F. That is, the
vibration damper 11 uses the communication I/F to com-
municate with the image capturing device 10 so as to
acquire a captured moving image. Further, the vibration
damper 11 uses the external storage I/F to acquire a
moving image stored in a recording medium such as a
secure digital (SD) card from the recording medium. In
the present embodiment, cases where the computing
chip 30 included in the vibration damper 11 performs the
correction process of the rotational movement arc de-
scribed.
[0044] The following further describes the correction
process of the rotational movement, referring to FIG. 12.
In step S1200, the computing chip 30 decomposes the
moving image captured by the image capturing device
in step S910 of FIG. 9 into frames to obtain still images.
The moving image is composed of a plurality of still im-
ages, and the plurality of still images is arranged in order
of image-capturing. Each of the still images constitutes
a frame. For example, the computing chip 30 decompos-
es the moving image in order of image capturing, as the
still image of the first frame, the still image of the second
frame, .
[0045] In step S1205, the computing chip 30 reads out
and acquires angular velocity information from the mem-
ory 27. In step 1210, the computing chip 30 performs an
integral operation on the angular velocity information ac-
quired in step S1205 to calculate the rotation angle.
[0046] In step S1215, the computing chip 30 calculates
an amount of correction by multiplying the rotation angle
obtained in step S1205, by the focal length. The focal

length is the distance to the focal point of a lens included
in the image capturing device 10, and the focal point is
the point where light parallel to the optical axis is refracted
and collected. Similarly to the image-capturing magnifi-
cation, the information on the focal length may be ac-
quired from the image capturing device 10 or preset.
[0047] In step S1220, the computing chip 30 shifts the
position of a still image for each frame as a whole based
on the amount of correction obtained in step S1215. In
step S1225, the computing chip 30 combines the still
images, the positions of which have been shifted for the
respective frames in step S1220, together in numerical
order of frames number to form a moving image again.
[0048] The following further describes the correction
process of the rotational movement, referring to FIG. 13.
First, the gyro sensor 28 acquires the angular velocity
(rad/s) as a signal, and outputs the angular velocity in-
formation to the computing chip 30. Since the angular
velocity includes a measurement error, the computing
chip 30 uses the HPF and removes the measurement
error components from the angular velocity information.
Next, the computing chip 30 integrates the angular ve-
locity information, from which the measurement error
components have been removed, by time once to obtain
a rotation angle (rad). Finally, the computing chip 30 cal-
culates the correction amount (mm) by multiplying the
rotation angle by the focal length.
[0049] In the above description, the vibration damper
11 uses the gyro sensor 28 to detect the angular velocity
and perform the correction process using the detected
angular velocity with respect to the rotational movement.
However, the present disclosure is not limited to this con-
figuration. Alternatively, the correction process of the ro-
tational movement may be performed by, for example,
image processing.
[0050] Specifically, feature points in the still image are
extracted from the still image for each frame obtained by
capturing a moving image. For example, a set of pixels
constituting an area where a pixel value of pixels of the
still image abruptly changes may be extracted as feature
points. Based on the extracted feature points, the amount
of shift, for example, how many pixels to shift vertically
is calculated. Then, the feature points for each frame are
shifted by the calculated shift amount, and thus the still
image of each frame is corrected. Finally, the still images
are combined in numerical order of frames to form a mov-
ing image again. Such a configuration can achieve a mov-
ing image with less fluctuation due to rotational move-
ment.
[0051] In the vibration damper 11, control parameters
are set as control information on the feedback control so
that vibration can be damped with high accuracy when
the mass of the image capturing device 10 mounted on
the top of the vibration damper 11 is within a specified
range. The control parameter is a parameter set to obtain
a loop gain as a constant loop gain in the feedback con-
trol. The loop gain represents how many times the value
returned by feedback is multiplied with respect to the first
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input. Therefore, if the mass of the image capturing de-
vice 10 mounted on the top of the vibration damper 11
is within the specified range, vibration can be damped
with high accuracy using the currently set control param-
eter.
[0052] However, when the mass of the image capturing
device 10 is outside the specified range, the control error
increases due to the currently set control parameter that
is not appropriate, resulting in a decrease in accuracy of
control. When the mass of the image capturing device
10 is large, outside the specified range, the vibration
damper 1 with the currently set control parameter possi-
bly fails to drive for vibration of the high frequency, thus
failing to drive in a direction to appropriately cancel the
displacement. When the mass of the image capturing
apparatus 10 is small, outside the specified range, the
control error might increase due to control oscillation or
overshoot in the vibration damper 11 with the currently
set control parameter. To handle such circumferences,
preferably, the mass of the image capturing device 10
mounted on the vibration damper 11 is measured, and a
control parameter is calibrated according to the meas-
ured mass.
[0053] To achieve such a configuration, the vibration
damper 11 may operate in a calibration mode to calibrate
a control parameter. The vibration damper 11 includes a
selector 14 such as a mode selection key to select on or
off of the calibration mode.
[0054] The mass of the image capturing device 10 at-
tached to the vibration damper 11 is proportional to the
amount of electric current flowing through the two coils
23 when the movable section 20 is moved to a fixed po-
sition. In view of the above, the vibration damper 11 may
include an output value acquisition section to acquire, as
an output value of the actuator 22, the amount of electric
current flowing through the two coils 23 when the mov-
able section 20 is moved to the preset initial position.
[0055] The computing chip 30 determines whether the
output value acquired by the output value acquiring sec-
tion is within a specified range. When the output value is
outside the specified range, the vibration damper 11
changes the control parameter to be used by the PID
controller 33, according to the output value. When the
image capturing device 10 is heavy outside the range (in
the case where the output value exceeds the upper limit
of the range), the vibration damper 11 changes the con-
trol parameter so that the loop gain of the feedback con-
trol increases. When the image capturing device 10 is
lightweight outside the range (in the case where the out-
put value falls below the lower limit of the range), the
vibration damper 11 changes the control parameter so
that the loop gain of the feedback control decreases. With
such a change in control parameter, the vibration damper
11 mounted with a heavy image capturing device can be
adjusted to drive for vibration of the high frequency. Fur-
ther, with such a change in control parameter, the vibra-
tion damper 11 mounted with a lightweight image cap-
turing device can be adjusted to prevent or reduce the

control error due to control oscillation or overshoot, thus
allowing a high-performance control.
[0056] Referring to FIG. 14, a description is given of a
process executed by the vibration damper 11 including
the selector 14 and the output value acquiring section.
The vibration damper 11, which is mounted with the bat-
tery 13, starts the processing when powered on by user’s
pressing the power key. Alternatively, in some embodi-
ments, the vibration damper 11 may be powered on in
response to an input of a signal transmitted from an ex-
ternal device connected with the vibration damper 11 via
a network line or through a wired connection. In step
S1405, the vibration damper 11 determines whether the
calibration mode is ON or not. When the calibration mode
is ON ("YES" at S1405), the process proceeds to step
S1410. When the calibration mode is OFF ("NO" at
S1405), the process proceeds to step S1440.
[0057] The vibration damper 11 starts calibration
processing in step S1410. The actuator 22 moves the
movable section 20 to the initial position in step S1415.
[0058] Here, FIG. 15 illustrates an example of how the
actuator 22 moves the movable section 20 to the initial
position. FIG. 15A is an illustration of a state of the vibra-
tion damper 11 before the calibration processing starts.
FIG. 15B is an illustration of a state of the vibration damp-
er 11 that has moved the movable section 20 to the initial
position after the starting of the calibration process. As
illustrated in FIG. 15A, the actuator 22 is not powered
before the calibration processing is started, which means
that no drive force is generated. In this state, the image
capturing device 10 mounted on the vibration damper 11
is lowered down to be adjacent to the top of the housing
21. At this time, the force (mg) represented by the product
of the mass of the image capturing device 10 and the
gravity is applied to the housing 21. As illustrated in FIG.
15B, the image capturing device 10 is lifted up to the
initial position which is the approximate center position
of the movable range by the movement of the movable
section 20. In this case, the force to lift up the movable
section 20 is adjusted to be equal to the above-described
force (mg), thereby controlling the movable section 20 to
be stopped at the initial position.
[0059] Referring again to FIG. 14, in step S1420, the
vibration damper 11 waits until the specified time (for
example 1 second) elapses after the start of calibration
processing. FIG. 16 is a graph of a change in amount of
electric current input to the actuator 22 after the start of
the calibration processing. In FIG. 16, 100% indicates a
state in which the maximum amount of electric current
flows.
[0060] In FIG. 16, when the calibration processing
starts, the amount of electric current rapidly increases to
nearly 100%, and the movable section 20 mounted with
the image capturing device 10 is quickly moved upward.
Thereafter, when the movable section 20 transits to the
stationary state at the approximate center position of the
movable range, the vertical movement thereof is repeat-
ed and the amount of electric current converges at a cer-
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tain value after about 1 second. The specified time in
step S1420 of FIG. 14 corresponds to the time until the
amount of electric current converges to the certain value.
Rising beyond a certain value is called "overshoot", and
lowering below a certain value by repeated vertical move-
ments is called undershoot.
[0061] In step S1425, the vibration damper 11 ac-
quires, as an output value, the amount of electric current
flowing through the actuator 22 when the amount of elec-
tric current converges to the certain value and becomes
stable. For such an output value, the measured amount
of electric current may be used as is. Alternatively, a plu-
rality of measurement operations is performed and the
average value of the measured values may be used. After
acquiring the output value, the vibration damper 11 de-
termines whether the output value is within the range of
the predetermined reference electric current. When the
output value is outside the range, the vibration damper
11 determines whether the output value exceeds or falls
below the range of the reference electric current.
[0062] When determining that the output value ex-
ceeds the range of the reference current, the vibration
damper 11 recognizes that the mass of the image cap-
turing device 10 is large outside the reference mass
range. When determining that the output value falls below
the range of the reference current, the vibration damper
11 recognizes that the mass of the image capturing de-
vice 10 is small outside the range of the reference mass.
In step S1430, the control parameter is changed accord-
ing to whether the image capturing device 10 is heavy or
light. Further, the vibration damper 11 changes the con-
trol parameter according to the mass. Alternatively, in
some embodiments, the control parameter may be
changed according to whether the image capturing de-
vice 10 is heavy or light. Alternatively, in some other em-
bodiments, the control parameter may be changed de-
pending on the mass when the image capturing device
10 is heavy or light. When the control parameter is
changed according to the mass, a range of the mass is
set and the vibration damper 11 changes the control pa-
rameter corresponding to the range of the mass that the
acquired output value falls within. After the control pa-
rameter is changed, the process proceeds to step S1435
to end the calibration processing.
[0063] When the calibration processing is completed
or when the calibration mode is OFF, the vibration damp-
er 11 becomes a state (translational control preparation
state) in which the correction process for the transitional
movement can be executed in step S1440. The vibration
damper 11 determines whether or not to execute the cor-
rection process in step S1445. The correction process
of the translational movement can be determined accord-
ing to whether or not the translational control is set ON.
When the translational control is OFF ("NO" at S1445),
the process returns to step S1440 to determine whether
the transitional control is ON again. In contrast, when the
translational control is ON ("YES" at S1445), the process
proceeds to step S1450 to start the translational control.

When the translational control is completed in step
S1455, the vibration damper 11 determines whether
power is OFF at S1460. When power is ON ("NO" at
S1460), the process returns to step S1440. When power
is OFF ("YES" at S1460), the process ends.
[0064] The cases where the process executed by the
vibration damper 11 including the selector 14 and the
output value acquisition section are described above, re-
ferring to FIG. 14. The following describes another ex-
ample of the process executed by the vibration damper
11, referring to FIGs. 17 and 18. FIG. 17 is a flowchart
of an example of processing that includes notifying the
user that the vibration damper 11 is uncontrollable when
the output value reaches the upper limit (maximum cur-
rent amount) and returning to the power ON state. FIG.
18 is a flowchart of an example of processing that in-
cludes notifying that the control performance decreases
when the output value reaches the maximum current
amount and changing the control parameter to obtain
maximum loop gain. To notify the user, the vibration
damper 11 may include a notifier (the computing chip 30).
[0065] FIG. 17 is a flowchart of an example of process-
ing that includes notifying that the vibration damper 11
is uncontrollable. Such a notification process is per-
formed because it is difficult to adjust the amount of elec-
tric current due to the output value having reached the
maximum electric-current amount. FIG. 18 is a flowchart
of an example of processing that includes notifying that
the control performance decreases and performing a
maximum level of control. Such processes are performed
because it is difficult to adjust the amount of electric cur-
rent due to the output value having reached the maximum
amount of electric current, but some control is possible.
[0066] Referring to FIG. 17, the vibration damper 11,
which is mounted with the battery 13, starts the process-
ing when powered on by the user’s pressing the power
key. Alternatively, in some embodiments, the vibration
damper 11 may be powered on in response to an input
of a signal transmitted from an external device connected
with the vibration damper 11 via a network or through a
wired connection. In step S1705, the vibration damper
11 determines whether the calibration mode is ON or not.
When the calibration mode is ON ("YES" at S1705), the
process proceeds to step S1710. When the calibration
mode is OFF ("NO" at S1705), the process proceeds to
step S1750.
[0067] The vibration damper 11 starts a calibration
process in step S1710. The actuator 22 moves the mov-
able section 20 to the initial position in step S1715. In
step S1720, the vibration damper 11 waits until the spec-
ified time (for example 1 second) elapses after starting
the calibration process. In step S1725, the vibration
damper 11 acquires, as an output value, the amount of
electric current flowing through the actuator 22 when the
amount of electric current converges to the certain value
and becomes stable. For such an output value, the meas-
ured amount of electric current may be used as is. Alter-
natively, a plurality of measurement operations is per-
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formed and the average value of the measured values
may be used.
[0068] In step S1730, the vibration damper 11 deter-
mines whether the output value reaches the maximum
electric-current amount. When the output value reaches
the maximum electric-current amount ("YES" at S1730),
the process proceeds to step S1735 to notify that the
vibration damper 11 is uncontrollable by, for example,
lighting a warning lamp or displaying an error. The
present disclosure is not limited to the above-described
manner as long as the notification that the vibration
damper 11 is uncontrollable is provided. After the provi-
sion of the notification, the processing ends. More spe-
cifically, the vibration damper 11 is powered ON again
to start processing in step S1705.
[0069] In contrast, when the output value falls below
the maximum electric-current amount ("NO" at S1730),
the process proceeds to step S1740, and after acquiring
the output value, the vibration damper 11 determines
whether the output value is within the range of the pre-
determined reference electric current. When the output
value is outside the range, the vibration damper 11 de-
termines whether the output value exceeds or falls below
the range of the reference electric current. When the vi-
bration damper 11 determines that the output value ex-
ceeds the range of the reference electric current, it is
recognized that the mass of the image capturing device
10 is heavy. When the vibration damper 11 determines
that the output value falls below the range of the reference
electric current, it is recognized that the mass of the im-
age capturing device 10 is lightweight. Then, the vibration
damper 11 changes the control parameter depending on
whether the image capturing device 10 is heavy or light.
Further, the vibration damper 11 changes the control pa-
rameter according to the mass. Alternatively, in some
embodiments, the control parameter may be changed
according to whether the image capturing device 10 is
heavy or light. Alternatively, in some other embodiments,
the control parameter may be changed depending on the
mass when the image capturing device 10 is heavy or
light. When the control parameter is changed according
to the mass, a range of the mass is set and the vibration
damper 11 changes the control parameter corresponding
to the range of the mass that the acquired output value
falls within. After the control parameter is changed, the
process proceeds to step S1745 to end the calibration.
[0070] In step S1750, the vibration damper 11 is in
preparation for transitional control. In step S1755, the
vibration damper 11 determines whether the transitional
control is ON. When the translational control is OFF ("NO"
at S1755), the process returns to step S1750 to deter-
mine whether the transitional control is ON again. In con-
trast, when the translational control is ON ("YES" at
S1755), the process proceeds to step S1760 to start the
translational control. When the translational control is
completed in step S1765, the vibration damper 11 deter-
mines whether power is OFF. When power is ON ("NO"
at S1770), the process returns to step S1750. When pow-

er is OFF ("YES" at S1770), the ends.
[0071] As described above, when the actuator 22 has
an output value having reached the maximum current
amount, the vibration damper 11 notifies the user that
the transitional control cannot be performed. With this
configuration, the user can recognize whether the vibra-
tion damper 11 is usable without preliminarily checking
whether the image capturing device 10 is mountable on
the vibration damper 11.
[0072] Referring to FIG. 18, the vibration damper 11,
which is mounted with the battery 13, starts the process-
ing when powered on by the user’s pressing the power
key. Alternatively, in some embodiments, the vibration
damper 11 may be powered on in response to an input
of a signal transmitted from an external device connected
with the vibration damper 11 via a network line or through
a wired connection. In step S1805, the vibration damper
11 determines whether the calibration mode is ON or not.
When the calibration mode is ON (Yes in step S1805),
the process proceeds to step S1810. When the calibra-
tion mode is OFF (No in step S1805), the process pro-
ceeds to step S1855.
[0073] The vibration damper 11 starts the calibration
processing in step S1810. The actuator 22 moves the
movable section 20 to the initial position in step S1815.
In step S1820, the vibration damper 11 waits until the
specified time (for example 1 second) elapses after start-
ing the calibration process. In step S1825, the vibration
damper 11 acquires, as an output value, the amount of
electric current flowing through the actuator 22 when the
amount of electric current converges to the certain value
and becomes stable. For such an output value, the meas-
ured amount of electric current may be used as is. Alter-
natively, a plurality of measurement operations may be
performed and the average value of the measured values
may be used.
[0074] In step S1730, the vibration damper 11 deter-
mines whether the output value reaches the maximum
electric-current amount. When the output value reaches
the maximum electric-current amount, the process pro-
ceeds to step S1835 to notify that the vibration damper
11 is uncontrollable by, for example, lighting a warning
lamp or displaying an error. The present disclosure is not
limited to the above-described manner as long as the
notification that the control performance decreases is
provided. After such a notification, the vibration damper
11 changes the control parameter to obtain maximum
loop gain in step S1840. Then, the calibration processing
ends in step S1850.
[0075] In contrast, when the output value falls below
the maximum electric-current amount, the process pro-
ceeds to step S1845. Then, the vibration damper 11 de-
termines whether the output value is within the range of
the predetermined reference current after acquiring the
output value. When the output value is outside the range,
the vibration damper 11 determines whether the output
value execeds or falls below the range of the reference
electric current. When determining that the output value
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exceeds the range of the reference current, the vibration
damper 11 recognizes that the mass of the image cap-
turing device 10 is large. When determining that the out-
put value falls below the range of the reference current,
the vibration damper 11 recognizes that the mass of the
image capturing device 10 is small. Then, the vibration
damper 11 changes the control parameter depending on
whether the image capturing device 10 is heavy or light.
Further, the vibration damper 11 changes the control pa-
rameter according to the mass. Alternatively, in some
embodiments, the control parameter may be changed
according to whether the image capturing device 10 is
heavy or light. Alternatively, in some other embodiments,
the control parameter may be changed depending on the
mass when the image capturing device 10 is heavy or
light. When the control parameter is changed according
to the mass, a range of the mass is set and the vibration
damper 11 may change the control parameter corre-
sponding to the range of the mass that the acquired out-
put value falls within. After the control parameter is
changed, the process proceeds to step S1850 to end the
calibration processing.
[0076] In step S1850, the vibration damper 11 is in
preparation for transitional control. In step S1860, the
vibration damper 11 determines whether the transitional
control is ON. When the translational control is OFF, the
process returns to step S1855 to determine whether the
transitional control is ON again. In contrast, when the
translational control is ON, the process proceeds to step
S1865 to start the translational control. When the trans-
lational control is completed in step S1870, the vibration
damper 11 determines whether power is OFF. When
power is ON, the process returns to step S1855. When
power is OFF, the process proceeds to step S1880 to
end the processing of the vibration damper 11.
[0077] As described above, when the output value of
the actuator 22 reaches the maximum electric-current
amount, the vibration damper 11 notifies that the control
performance decreases. Subsequently, the vibration
damper 11 performs the transitional control with the max-
imum loop gain. This configuration allows exhibiting
damping effects against some degrees of vibration even
with a heavy image capturing device 10 mounted on the
vibration damper 11.
[0078] Note that, the outputs of the gyro sensor 28 and
the acceleration sensor 29 include low-frequency fluctu-
ation components whose output changes even without
movement. If the control is performed without removing
the fluctuation component from the output, the movable
section 20 might abut (come in contact) with the top of
the housing 21 due to erroneous correction. For this rea-
son, preferably, the HPF (simply referred to as a filter)
serving to process, for example, the detected accelera-
tion is used to remove the fluctuation components from
the output.
[0079] However, as a side effect when using such a
filter, the output itself of the detected vibration movement
might be removed in some cases, and in particular, the

movement (fluctuation) of the low frequency vibration is
easily removed. To avoid such a situation, preferably, a
degree of filtering is reduced to remove the fluctuation
component within a range in which the movable section
20 does not come in contact with the top of the housing
21, and to appropriately correct the fluctuation at the
same time. The filter transmits the high frequency com-
ponent and removes the low frequency component, but
by changing the setting of the conditions, the degree of
filtering can be changed.
[0080] For example, in the case of medium-amplitude
low frequency vibration, the movable section 20 might
come in contact with the top of the housing 21 unless the
degree of filtering is increased. By contrast, in the case
of small-amplitude low frequency vibration, the degree
of filtering is reduced to increase the correction perform-
ance. In view of the above, changing the degree of filter-
ing with amplitude for vibrations of the same low frequen-
cy can increase the correction performance.
[0081] FIG. 19 is an illustration of another example of
the correction processing of the transitional movement.
In this example, the vibration damper 11 removes the
fluctuation component from the output value using the
HPF to convert the output value into an appropriate cor-
rection amount. Since the contact of the movable section
20 with the top of the housing 21 mainly relates to the
translational movement, only the translational movement
will be described.
[0082] First, the acceleration sensor 29 detects the ac-
celeration, and outputs the detected acceleration to the
computing chip 30. The computing chip 30 also functions
as a computing processor as well as a controller in the
present embodiment. The computing chip 30 has an HPF
for removing vibrations within the range set as the above-
described function, to remove the low frequency fluctu-
ation component included in the acceleration output from
the acceleration sensor 29 using the HPF. The computing
chip 30 serves to perform an integration calculation and
integrates the acceleration from which the low frequency
fluctuation component has been removed by time once,
obtaining the speed. Then, the computing chip 30 inte-
grates the obtained speed by time once and calculates
the amount of displacement, thus obtaining the amount
of correction by the amount of displacement. The amount
of correction is obtained as the amount of displacement
in a direction to cancel the displacement.
[0083] FIG. 20 is a graph of the example of the accel-
eration 50 to be filtered by the HPF of the computing chip
30 in FIG. 19 and an example of the acceleration 51 fil-
tered by the HPF. In FIG. 20, the horizontal axis repre-
sents time (sec) and the vertical axis represents accel-
eration (m/s2). The acceleration 50 to be filtered by the
HPF is represented by a waveform having a predeter-
mined amplitude due to the influence of the fluctuation
component. However, the acceleration 51 filtered by the
HPF has the low-frequency fluctuation components re-
moved and the amplitude reduced.
[0084] FIG. 21 is a graph of filter characteristics of the
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HPF. In FIG. 21, the horizontal axis represents the fre-
quency (Hz), and the vertical axis represents the gain
decibel (dB) which is the characteristics of the filter. In
FIG. 21, the hatched area 52 represents an area in which
the gain is smaller than 0 dB, which means that the fil-
tering performance deteriorates in the hatched area 52.
The filtering performance deteriorates at low frequencies
below 10 Hz in which the gain significantly decreases.
The frequency at which the gain begins to significantly
reduce is called the cutoff frequency.
[0085] As illustrated in FIG. 20, with a reduction in am-
plitude of acceleration due to the effect of the HPF, the
amount of correction to be calculated decreases. Accord-
ingly, what is to be corrected fails to be corrected, result-
ing in insufficient correction. The degree of insufficient
correction increases as the effect of the HPF increases
(the degree of filtering is increased). The example illus-
trated in FIG. 21 represents a higher degree of insufficient
correction. This means that a force to remove the low-
frequency fluctuation component is great, that is, the de-
gree of filtering of the HPF is high.
[0086] FIG. 22 is a graph of the filter characteristics
when the cutoff frequency of the HPF is reduced. Simi-
larly to FIG. 21, the horizontal axis and the vertical axis
of FIG. 22 also represent frequency and gain, respec-
tively. In FIG. 22, a hatched area 53 indicates an area in
which the filtering performance of the HPF deteriorates.
When the cutoff frequency is reduced, the area 53 be-
comes smaller than the area 52 in FIG. 21. The fact that
the hatched area is small refers to that the degree of
insufficient correction is low and the effect of the HPF is
small. Thus, contrary to the example in FIG. 21, the de-
gree of filtering of the HPF is low in FIG. 22. In view of
the above, the HPF is set within the above-described
range by changing the cutoff frequency, thereby chang-
ing the degree of filtering of the HPF.
[0087] In the above description, cases where the de-
gree of filtering of the filter is changed by changing the
setting of the cutoff frequency arc given. The following
further describes in detail when to increase or reduce the
cutoff frequency and how much degree of cutoff frequen-
cy to be increased or reduced.
[0088] FIG. 23 is a graph of an appropriate correction
target value 54 with a vibration of 2 Hz, a correction target
value 55 obtained when the HPF having an increased
degree of filtering in FIG. 21 is used, and a correction
target value 56 obtained when the HPF having a reduced
degree of filtering in FIG. 22 is used. In FIG. 23, the hor-
izontal axis represents time (sec) and the vertical axis
represents displacement (mm). The correction target val-
ue is the movement target value of the movable section
20 based on the amount of correction. The appropriate
correction target value 54 is a correction target value for
correcting only the vibration of 2 Hz.
[0089] In the example in FIG. 23, the amount of devi-
ation which is a difference between the correction target
value 55 and the appropriate correction target value 54
is small. However, the difference in phase and amplitude

between the waveform of the correction target value 55
and the waveform of the appropriate correction target
value 54 is large. On the other hand, the amount of de-
viation between the correction target value 56 and the
appropriate correction target value 54 increases over
time. The difference in phase and amplitude between the
waveform of the correction target value 56 and the wave-
form of the appropriate correction target value 54 is small.
[0090] FIG. 24 is a graph of an error amount from an
appropriate correction target value. In FIG. 24, the hori-
zontal axis represents time (sec) and the vertical axis
represents error amount (mm). The error amount 57 in-
dicates the difference between the appropriate correction
target value 54 and the correction target value 55. The
error amount 58 indicates the difference between the ap-
propriate correction target value 54 and the correction
target value 56. The error amount 57 is an error amount
obtained by using the HPF having a high degree of filter-
ing, in which the amount of deviation in one direction is
small over time, but the error amount periodically increas-
es and decreases. In contrast, the error amount 58 is an
error amount obtained by using a HPF having a low de-
gree of filtering, in which the error amount deviates in
one direction over time, but the rate of periodic increase
and decrease of the error amount is low.
[0091] The user is more likely to feel that correction is
insufficient with the HPF having a high degree of filtering
that indicates the error amount 57 having the high rate
of periodic increase and decrease. Accordingly, the HPF
having a low degree of filtering that indicates the error
amount 58 having the low rate of periodic increase and
decrease is preferably used.
[0092] FIG. 25 is an illustration of a movable range L
of the movable section 20. The movable section 20 in-
cludes a stopper 20a projecting toward the inner surface
of the side portion of the housing 21, which comes in
contact with the inner surface of the top 21a of the housing
21 to stop the movable section 20. The movable section
20 has the magnetic tape 31 affixed to the side surface
of the movable portion 20. The magnetic sensor 32 de-
tects magnetism from the magnetic tape 31 opposed to
the magnetic sensor 32 to detect the vertical-directional
movement of the movable section 20. For example, the
computing chip 30 receives the amount of movement of
the movable section 20 detected by the magnetic sensor
32 to compute the current position of the movable section
20 based on the center position of the magnetic tape 31
as the initial position. In the example illustrated in FIG.
25, the movable range L is equal to the length of the
magnetic tape 31 in the vertical direction. However, the
present disclosure is not limited to this configuration. The
movable range L may have any length as long as the
length of the movable range L is shorter than the length
of the magnetic tape 31.
[0093] FIG. 26 is an illustration of a state in which the
movable section 20 of FIG. 25 is moved to the upper limit
of the movable range L and the stopper 20a is in contact
with the top 21a of the housing 21. As described above,
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the HPF having a low filtering degree is preferably used.
The correction target value 56 obtained by using the HPF
having a low filtering degree deviates over time, which
does not matter as long as the stopper 20a does not
come in contact with the top 21a of the housing 21. That
is, any cutoff frequency may be set as long as the mov-
able section 20 can move within the movable range L.
Note that, with a reduction in cutoff frequency to reduce
the degree of filtering of a HPF, the correction effect can
be enhanced.
[0094] FIG. 27 is a flowchart of processing according
to the fifth Example performed by the vibration damper
11. The vibration damper 11, which is mounted with the
battery 13, starts the control when powered on by turning
on the power key. The power supply can be turned on
by pressing the power key. Alternatively, in some em-
bodiments, the vibration damper 11 may be powered on
in response to an input of a signal transmitted from an
external device connected with the vibration damper 11
via a network line or through a wired connection. When
powered on, the vibration damper 11 starts the transi-
tional control in step S2705.
[0095] In step S2710, the computing chip 30 deter-
mines whether or not the movable section 20 is posi-
tioned in the vicinity of the center of the movable range
L. When the movable section 20 is positioned in the vi-
cinity of the center of the movable range L, the stopper
20a has a sufficient distance to come in contact with the
top 21a of the housing 21, which allows lowering the cut-
off frequency of the HPF in step S2715 to thus enhance
the correction effect.
[0096] By contrast, when the movable section 20 is not
positioned in the vicinity of the center of the movable
range L, the stopper 20a is near the top 21a of the housing
21. To prevent the stopper 20a from coming in contact
with the top 21a of the housing 21, the vibration damper
11 increases the cutoff frequency of the HPF in step
S2720. In step S2725, the vibration damper 11 deter-
mines whether to end the transitional control. When the
transitional control does not end, the process returns to
step S2710 to repeat the processes in steps S2710
through S2725 for each periodic computation for control.
When the transitional control ends, the process proceeds
to step S2730 to end the processing in FIG. 27.
[0097] FIG. 28 is an illustration of a position of the mov-
able section 20 within the movable range L. The movable
range L is the vertical length of the magnetic tape 31.
The position of the movable section 20 is defined as the
position of the magnetic sensor 32 on the magnetic tape
31. The vicinity of the center mentioned in step S2710 of
FIG. 27 is defined as a range Lc that is approximately
70% of the vertical length ranging from the center of the
movable range L to each end of the magnetic tape 31.
The range Lc in the vicinity of the center of the movable
range L is not limited to the above-described range, and
may be approximately 60% or 80% in the vertical direc-
tion as long as the range in the vicinity of the center of
the movable range L can be defined.

[0098] That is, the magnetic sensor 32, which is posi-
tioned within the range Lc, can be determined to be po-
sitioned in the vicinity of the center of the movable range
L. Further, the magnetic sensor 32, which is positioned
outside the range Lc, can be determined not to be dis-
posed in the vicinity of the center of the movable range L.
[0099] In the example illustrated in FIG. 27, increasing
the cutoff frequency of the HPF prevents the stopper 20a
from coming in contact with the top 21a of the housing
21. The present disclosure is not limited to such a method
to prevent the contact of the stopper 20a with the top 21a
of the housing 21. Alternatively, for example, the cutoff
frequency corresponding to the HPF having the high fil-
tering degree is set as the initial value, and the vibration
damper 11 returns the cutoff frequency to the initial value
when the movable section 20 is not positioned in the vi-
cinity of the center of the movable range L. This is be-
cause returning the cutoff frequency to the initial value
increases the cutoff frequency.
[0100] FIG. 29 is an illustration of processing according
to the sixth Example performed by the vibration damper
11. The processes in step S2905 through step S2915
are the same as the processes in step S2705 through
step S2715 in FIG. 27. In step S2920, the computing chip
30 of the vibration damper 11 sets the cutoff frequency
of the HPF to the initial value. The processes in steps
S2925 and following the step S2920 are the same as
processes in steps S2725 and step.
[0101] The vibration damper 11 performs the transi-
tional control according to the position of the movable
section 20, i.e., depending on whether the movable sec-
tion 20 is positioned in the vicinity of the center of the
movable range L. Alternatively, the vibration damper 11
may perform the transitional control based on the accel-
eration and the speed acquired by the acceleration sen-
sor 29 and the computing chip 30, respectively. Alterna-
tively, in some embodiments, the vibration damper 11
may perform the translational control based on a set of
two state quantities, such as the position and speed, the
position and acceleration, or the speed and acceleration
of the movable section 20. Alternatively, in some other
embodiments, the vibration damper 11 may perform the
translational control based on a set of three state quan-
tities such as the position, speed, and acceleration of the
movable section 20.
[0102] FIG. 30 is a flowchart of processing according
to the seventh example performed by the vibration damp-
er 11. In this example, the vibration damper 11 performs
the transitional control based on the set of two quantities,
i.e., the position and speed of the movable section 20.
The processes in steps S3005 are the same as the proc-
esses in steps and S2705 in FIG. 27. In step S3010, the
computing chip 30 determines whether the movable sec-
tion 20 is position in the vicinity of the center of the mov-
able range L, and the speed is smaller than a predeter-
mined value. Similarly to the cutoff frequency, the pre-
determined value of the speed can be set as an appro-
priate value. When the movable section 20 is positioned
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in the vicinity of the center of the movable range L and
the speed is low, the process proceeds to step S3015.
When the movable section 20 is not disposed in the vi-
cinity of the center or the speed is high, the process pro-
ceeds to step S3020.
[0103] In step S3015, the vibration damper 11 reduces
the cutoff frequency of the HPF. This is because, when
the movable section 20 is disposed in the vicinity of the
center of the movable range L, and having a low speed,
the stopper 20a is unlikely to come in contact with the
top 21a of the housing 21 even with an amount of devi-
ation to a certain degree. Thus, the error amount can be
reduced. In step S3020, on the other hand, the vibration
damper 11 increases the cutoff frequency of the HPF.
With such a process, the contact of the stopper 20a is
prevented because the stopper 20a is more likely to come
in contact with the top 21a of the housing 21. The proc-
esses in steps S3025 and are the same as processes in
steps S2725 and step in FIG. 27.
[0104] In the example illustrated in FIG. 27, the vibra-
tion damper 11 increases or reduces the cutoff frequency
depending on whether or not the movable section 20 is
positioned in the vicinity of the center of the movable
range L. However, no limitation is intended therein. Al-
ternatively, the vibration damper 11 may increase the
cutoff frequency in proportion to the distance between
the position of the movable section 20 and the center of
the movable range L.
[0105] In addition, instead of the movable range L of
the movable section 20, the vibration damper 11 may
increase or decrease the cutoff frequency according to
the movement target value of the movable section 20
that is determined by the amount of correction. FIG. 31
is a flowchart of processing according to the eighth ex-
ample performed by the vibration damper 11. The proc-
esses in steps and S3105 arc the same as processes in
steps and step S2705 in FIG. 27.
[0106] In step S3110, the computing chip 30 of the vi-
bration damper 11 determines whether the movement
target value of the movable section 20 is equal to or great-
er than a predetermined value. The predetermined value
of the movement target value may be set as an appro-
priate value. When the movement target value of the
movable section 20 is greater than the predetermined
value, the process proceeds to step S3115. When the
movement target value of the movable section 20 is lower
than the predetermined value, the process proceeds to
step S3120.
[0107] In step S3115, the vibration damper 11 reduces
the cutoff frequency of the HPF. This is because, when
the movement target value of the movable section 20 is
greater than the predetermined value, the stopper 20a
is unlikely to come in contact with the top 21a of the hous-
ing 21 even with an amount of deviation to a certain de-
gree. Thus, the error amount can be reduced. In step
S3020, on the other hand, the vibration damper 11 in-
creases the cutoff frequency of the HPF. With such a
process, the contact of the stopper 20a is prevented be-

cause the stopper 20a is more likely to come in contact
with the top 21a of the housing 21. The processes in
steps S3125 and are the same as processes in steps
S2725 and step in FIG. 27. Note that, the width in which
the movable section 20 moves changes with the move-
ment target value, and thereby the width in which the
movable section 20 moves may be changed by changing
the movement target value of the movable section 20.
[0108] In view of the above, the controller sets the HPF,
i.e., changes the cutoff frequency, according to at least
one of the status quantities, such as the acceleration as
a detection result, speed and position obtained by the
detection result, and the movement target value of the
movable section 20. This configuration can improve ca-
pability corresponding to vibration of a low frequency.
Further, by using two or more values such as position
and speed, the vibration damper 11 can achieve more
optimal control. Further, the controller changes the cutoff
frequency to the initial value, values lower or higher than
the initial value according to the detected position of the
movable section 20 to obtain the high correction effect
of the HPF, thus performs a control operation with high
correction effect. This configuration can prevent the stop-
per 20a of the movable section 20 from coming in contact
with the top 21a of the housing 21.
[0109] In the above description, the embodiments of
the present disclosure have been described as the infor-
mation processing apparatus, the information processing
system, the information processing method, and the non-
transitory recording medium storing a program. Howev-
er, the present disclosure is not limited to the above-de-
scribed embodiments. Numerous additional modifica-
tions and variations are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the disclosure of the
present invention may be practiced otherwise than as
specifically described herein. For example, elements
and/or features of different illustrative embodiments may
be combined with each other and/or substituted for each
other within the scope of the appended claims.

[Reference Signs List]

[0110]

10 Image capturing device
11 Vibration damper
12 Tripod screw
13 Battery
20 Movable part
20a Stopper
21 Housing
21a Top
22 Actuator
23 Coil
24 Permanent magnet
25 Iron-plate yoke
26 PCB board
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27 Memory
28 Gyro sensor
29 Acceleration sensor
30 Computing chip
31 Magnetic tape
32 Magnetic sensor
40 Person
41 Mountain
42 Image
50, 51 Acceleration
52, 53 Area
54 to 56 Correction target value
57, 58 Error amount

Claims

1. A vibration damper (11) comprising:

a movable section (20) movable in at least one
direction;
a support section (22) configured to movably
support the movable section (20);
a vibration detector (29) configured to detect a
vibration received by the vibration damper (11);
and
a computing processor (30) configured to com-
pute an amount of displacement of the movable
section (20) in a first direction, which is associ-
ated with the vibration, based on a detection re-
sult of the vibration detector (29),
calculate an amount of correction corresponding
to the amount of displacement, and
instruct the support section (22) to move the
movable section (20) in a second direction op-
posite to the first direction based on the amount
of correction,
characterised in that
the vibration damper (11) further comprises
a movement-amount detector (32) configured to
detect an amount of movement of the movable
section (20) moved by the support section (22);
and
a controller (33) configured to perform a feed-
back control to reduce an amount of difference
between the amount of correction computed by
the computing processor (30) and the amount
of movement detected by the movement-
amount detector (32).

2. The vibration damper according to claim 1,
wherein the at least one direction is a vertical direc-
tion, and
wherein the vibration detector detects information of
a transitional movement of the vibration damper, as
the vibration received by the vibration damper in the
vertical direction.

3. The vibration damper according to any of claims 1
through 2, further comprising:

a rotation detector to detect information of a ro-
tational movement around a center of gravity of
the vibration damper; and
at least one of:

a memory (27) to store the information of
rotational movement detected by the rota-
tion detector; and
a communicator to transmit the information
of rotational movement detected by the ro-
tation detector to an external device.

4. The vibration damper according to claim 3,
wherein the rotation detector detects the information
of rotational movement while the support section
moves the movable section.

5. The vibration damper according to claim 1,
wherein the controller controls control information to
be used in the feedback control, according to quan-
tity of an electronic device to be mounted on the vi-
bration damper.

6. The vibration damper according to claim 5, further
comprising:

a selector to select a calibration mode to deter-
mine whether to change the control information;
and
an output value acquisition section to acquire an
output value from the support section having
moved the movable section to a predetermined
position in response to a selection of the cali-
bration mode by the selector,
wherein the controller calculates the quantity of
the electronic device mounted on the vibration
damper based on the output value acquired by
the output value acquisition section, and deter-
mines whether to change the control information
based on the quantity calculated by the control-
ler.

7. The vibration damper according to claim 6,
wherein the controller determines whether to change
the control information depending on whether the
quantity calculated by the controller is within a range
of a reference quantity.

8. The vibration damper according to claim 7,
wherein, when determining to change the control in-
formation and the quantity calculated by the control-
ler exceeds the range of the reference quantity, the
controller changes the control information to in-
crease a gain of the feedback control, and
wherein, when determining to change the control in-
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formation and the quantity calculated by the control-
ler falls below the range of the reference quantity,
the controller changes the control information to re-
duce the gain of the feedback control.

9. The vibration damper according to claim 8, further
comprising a notifier to notify that the controller fails
to perform the feedback control when the output val-
ue acquired by the output value acquisition section
reaches an upper limit of the output value.

10. The vibration damper according to claim 6 , further
comprising a notifier to notify that an accuracy of the
feedback control of the controller decreases when
the output value acquired by the output value acqui-
sition section reaches an upper limit of the output
value,
wherein the controller changes the control informa-
tion to maximize a gain of the feedback control.

11. The vibration damper according to claim 1,
wherein the controller changes a setting of an oper-
ation corresponding to the detection result of the vi-
bration detector, according to at least one of the de-
tection result of the vibration detector, a state quan-
tity obtained by the detection result, and a movement
target value of the movable section based on the
amount of correction.

12. The vibration damper according to claim 11,
wherein the operation is to remove a vibration within
a set range, and
wherein the controller changes the set range to
change the setting of the operation.

13. The vibration damper according to claim 11 or 12,
wherein the controller detects a position of the mov-
able section relative to an initial position based on
the amount of movement detected by the movement-
amount detector.

14. The vibration damper according to claim 13,
wherein the controller changes the setting of the op-
eration to at least one of an initial value, a first value
lower than the initial value, and a second value great-
er than the initial value.

15. An electronic device (10) mounted on the vibration
damper according to any of claims 1 through 14.

16. The electronic device according to claim 15,
wherein the electronic device is an image capturing
device having a thread groove connectable with a
tripod stand,
wherein the vibration damper includes a tripod screw
to be screwed into the thread groove of the image
capturing device.

Patentansprüche

1. Schwingungsdämpfungsvorrichtung (11), die Fol-
gendes umfasst:

einen beweglichen Abschnitt (20), der in min-
destens einer Richtung beweglich ist;
einen Trägerabschnitt (22), der konfiguriert ist,
den beweglichen Abschnitt (20) auf bewegliche
Weise zu tragen;
einen Schwingungsdetektor (29), der konfigu-
riert ist, eine Schwingung, die durch die Schwin-
gungsdämpfungsvorrichtung (11) empfangen
wird, zu detektieren; und
einen Rechenprozessor (30), der konfiguriert
ist, auf der Grundlage eines Detektionsergeb-
nisses des Schwingungsdetektors (29) einen
Verlagerungsbetrag des beweglichen Ab-
schnitts (20) in einer ersten Richtung, der der
Schwingung zugeordnet ist, zu berechnen,
einen Korrekturbetrag zu berechnen, der dem
Verlagerungsbetrag entspricht, und
den Trägerabschnitt (22) anzuweisen, den be-
weglichen Abschnitt (20) auf der Grundlage des
Korrekturbetrags in einer zweiten Richtung zu
bewegen, die zur ersten Richtung entgegenge-
setzt ist,
dadurch gekennzeichnet, dass
die Schwingungsdämpfungsvorrichtung (11)
ferner Folgendes umfasst:

einen Bewegungsbetragsdetektor (32), der
konfiguriert ist, einen Bewegungsbetrag
des beweglichen Abschnitts (20), der durch
den Trägerabschnitt (22) bewegt wird, zu
detektieren; und
eine Steuereinrichtung (33), die konfiguriert
ist, eine Rückkopplungssteuerung durchzu-
führen, um einen Differenzbetrag zwischen
dem Korrekturbetrag, der durch den Re-
chenprozessor (30) berechnet wird, und
dem Bewegungsbetrag, der durch den Be-
wegungsbetragsdetektor (32) detektiert
wird, zu verringern.

2. Schwingungsdämpfungsvorrichtung nach Anspruch
1,
wobei die mindestens eine Richtung eine vertikale
Richtung ist, und
wobei der Schwingungsdetektor Informationen über
eine Translationsbewegung der Schwingungs-
dämpfungsvorrichtung in der vertikalen Richtung,
während die Schwingung durch die Schwingungs-
dämpfungsvorrichtung empfangen wird, detektiert.

3. Schwingungsdämpfungsvorrichtung nach einem
der Ansprüche 1 bis 2, die ferner Folgendes umfasst:
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einen Drehungsdetektor, um Informationen
über eine Drehbewegung um einen Schwer-
punkt der Schwingungsdämpfungsvorrichtung
zu detektieren; und
einen Speicher (27), um die Informationen über
eine Drehbewegung, die durch den Drehungs-
detektor detektiert worden sind, zu speichern;
und/oder
eine Kommunikationseinrichtung, um die Infor-
mationen über die Drehbewegung , die durch
den Drehungsdetektor detektiert worden sind,
an eine externe Vorrichtung zu übertragen.

4. Schwingungsdämpfungsvorrichtung nach Anspruch
3,
wobei der Drehungsdetektor die Informationen über
eine Drehbewegung detektiert, während der Träge-
rabschnitt den beweglichen Abschnitt bewegt.

5. Schwingungsdämpfungsvorrichtung nach Anspruch
1,
wobei die Steuereinrichtung Steuerinformationen,
die bei der Rückkopplungssteuerung verwendet
werden sollen, gemäß einer Größe einer elektroni-
schen Vorrichtung, die auf der Schwingungsdämp-
fungsvorrichtung angebracht werden soll, steuert.

6. Schwingungsdämpfungsvorrichtung nach Anspruch
5, die ferner Folgendes umfasst:

eine Auswahleinrichtung, um eine Kalibrie-
rungsbetriebsart auszuwählen, um zu bestim-
men, ob die Steuerinformationen geändert wer-
den sollen; und
einen Ausgangswerterfassungsabschnitt, um
vom Trägerabschnitt, der den beweglichen Ab-
schnitt als Antwort auf eine Auswahl der Kalib-
rierungsbetriebsart durch die Auswahleinrich-
tung an eine vorgegebene Position bewegt hat,
einen Ausgangswert zu erfassen,
wobei die Steuereinrichtung die Größe der elek-
tronischen Vorrichtung, die auf der Schwin-
gungsdämpfungsvorrichtung angebracht ist,
auf der Grundlage des Ausgangswertes, der
durch den Ausgangswerterfassungsabschnitt
erfasst wird, berechnet und auf der Grundlage
der Größe, die durch die Steuereinrichtung be-
rechnet wird, bestimmt, ob die Steuerinformati-
onen geändert werden sollen.

7. Schwingungsdämpfungsvorrichtung nach Anspruch
6,
wobei die Steuereinrichtung abhängig davon, ob die
Größe, die durch die Steuereinrichtung berechnet
wird, innerhalb eines Bereichs einer Referenzgröße
liegt, bestimmt, ob die Steuerinformationen geändert
werden sollen.

8. Schwingungsdämpfungsvorrichtung nach Anspruch
7,
wobei dann, wenn bestimmt wird, dass die Steuer-
informationen geändert werden, und die Größe, die
durch die Steuereinrichtung berechnet wird, den Be-
reich der Referenzgröße überschreitet, die Steuer-
einrichtung die Steuerinformationen derart ändert,
dass eine Verstärkung der Rückkopplungssteue-
rung erhöht wird, und
wobei dann, wenn bestimmt wird, dass die Steuer-
informationen geändert werden, und die Größe, die
durch die Steuereinrichtung berechnet wird, unter
den Bereich der Referenzgröße abfällt, die Steuer-
einrichtung die Steuerinformationen derart ändert,
dass die Verstärkung der Rückkopplungssteuerung
verringert wird.

9. Schwingungsdämpfungsvorrichtung nach Anspruch
8, die ferner eine Benachrichtigungseinrichtung, um
darüber zu benachrichtigen, dass die Steuereinrich-
tung versagt, die Rückkopplungssteuerung durch-
zuführen, wenn der Ausgangswert, der durch den
Ausgangswerterfassungsabschnitt erfasst wird, ei-
nen oberen Grenzwert des Ausgangswertes er-
reicht, umfasst.

10. Schwingungsdämpfungsvorrichtung nach Anspruch
6, die ferner eine Benachrichtigungseinrichtung, um
darüber zu benachrichtigen, dass eine Genauigkeit
der Rückkopplungssteuerung der Steuereinrichtung
abnimmt, wenn der Ausgangswert, der durch den
Ausgangswerterfassungsabschnitt erfasst wird, ei-
nen oberen Grenzwert des Ausgangswertes er-
reicht, umfasst,
wobei die Steuereinrichtung die Steuerinformatio-
nen derart ändert, dass eine Verstärkung der Rück-
kopplungssteuerung maximal gemacht wird.

11. Schwingungsdämpfungsvorrichtung nach Anspruch
1,
wobei die Steuereinrichtung eine Einstellung eines
Vorgangs, der dem Detektionsergebnis des Schwin-
gungsdetektors entspricht, gemäß dem Detektions-
ergebnis des Schwingungsdetektors und/oder einer
Zustandsgröße, die durch das Detektionsergebnis
erhalten wird, und/oder einem Bewegungssollwert
des beweglichen Abschnitts auf der Grundlage des
Korrekturbetrags ändert.

12. Schwingungsdämpfungsvorrichtung nach Anspruch
11,
wobei der Vorgang darin besteht, eine Schwingung
innerhalb eines eingestellten Bereichs zu entfernen,
und
wobei die Steuereinrichtung den eingestellten Be-
reich ändert, um die Einstellung des Vorgangs zu
ändern.
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13. Schwingungsdämpfungsvorrichtung nach Anspruch
11 oder 12,
wobei die Steuereinrichtung auf der Grundlage des
Bewegungsbetrags, der durch den Bewegungsbe-
tragsdetektor detektiert wird, eine Position des be-
weglichen Abschnitts in Bezug auf eine Ausgangs-
position detektiert.

14. Schwingungsdämpfungsvorrichtung nach Anspruch
13,
wobei die Steuereinrichtung die Einstellung des Vor-
gangs auf einen Ausgangswert und/oder einen ers-
ten Wert, der niedriger als der Ausgangswert ist,
und/oder einen zweiten Wert, der größer als der Aus-
gangswert ist, ändert.

15. Elektronische Vorrichtung (10), die auf der Schwin-
gungsdämpfungsvorrichtung nach einem der An-
sprüche 1 bis 14 angebracht ist.

16. Elektronische Vorrichtung nach Anspruch 15,
wobei die elektronische Vorrichtung eine Bilderfas-
sungsvorrichtung ist, die eine Gewinderille, die mit
einem Stativständer verbunden werden kann, auf-
weist,
wobei die Schwingungsdämpfungsvorrichtung eine
Stativschraube zum Einschrauben in die Gewinde-
rille der Bilderfassungsvorrichtung enthält.

Revendications

1. Amortisseur de vibrations (11) comprenant :

une section mobile (20) mobile dans au moins
une direction ;
une section de support (22) conçue pour sup-
porter de manière mobile la section mobile (20) ;
un détecteur de vibrations (29) conçu pour dé-
tecter une vibration reçue par l’amortisseur de
vibrations (11) ; et
un processeur informatique (30) conçu pour cal-
culer une quantité de déplacement de la section
mobile (20) dans une première direction, qui est
associée à la vibration, en fonction d’un résultat
de détection du détecteur de vibrations (29),
calculer une quantité de correction correspon-
dant à la quantité de déplacement, et
donner l’instruction à la section de support (22)
de déplacer la section mobile (20) dans une
deuxième direction opposée à la première di-
rection en fonction de la quantité de correction,
caractérisé en ce que
l’amortisseur de vibrations (11) comprend en
outre
un détecteur de quantité de mouvement (32)
conçu pour détecter une quantité de déplace-
ment de la section mobile (20) déplacée par la

section de support (22) ; et
un dispositif de commande (33) conçu pour ef-
fectuer une commande de rétroaction pour ré-
duire une quantité de différence entre la quantité
de correction calculée par le processeur infor-
matique (30) et la quantité de mouvement dé-
tectée par le détecteur de quantité de mouve-
ment (32).

2. Amortisseur de vibrations selon la revendication 1,
dans lequel l’au moins une direction est une direction
verticale, et
dans lequel le détecteur de vibrations détecte des
informations d’un mouvement transitoire de l’amor-
tisseur de vibrations, en tant que vibration reçue par
l’amortisseur de vibrations dans la direction vertica-
le.

3. Amortisseur de vibrations selon l’une quelconque
des revendications 1 à 2, comprenant en outre :

un détecteur de rotation pour détecter des infor-
mations d’un mouvement de rotation autour d’un
centre de gravité de l’amortisseur de vibrations ;
et
au moins un élément parmi :

une mémoire (27) pour stocker les informa-
tions d’un mouvement de rotation détecté
par le détecteur de rotation ; et
un communicateur pour transmettre les in-
formations de mouvement de rotation dé-
tecté par le détecteur de rotation à un dis-
positif externe.

4. Amortisseur de vibrations selon la revendication 3,
dans lequel le détecteur de rotation détecte les in-
formations de mouvement de rotation tandis que la
section de support déplace la section mobile.

5. Amortisseur de vibrations selon la revendication 1,
dans lequel le dispositif de commande commande
des informations de commande à utiliser dans la
commande de rétroaction, en fonction d’une quantité
d’un dispositif électronique à monter sur l’amortis-
seur de vibrations.

6. Amortisseur de vibrations selon la revendication 5,
comprenant en outre :

un sélecteur pour sélectionner un mode de ca-
libration pour déterminer s’il faut changer les in-
formations de commande ; et
une section d’acquisition de valeur de sortie
pour acquérir une valeur de sortie depuis la sec-
tion de support ayant déplacé de la section mo-
bile vers une position prédéterminée en réponse
à une sélection du mode de calibration par le
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sélecteur,
le dispositif de commande calculant la quantité
du dispositif électronique monté sur l’amortis-
seur de vibrations en fonction de la valeur de
sortie acquise par la section d’acquisition de va-
leur de sortie, et détermine s’il faut changer les
informations de commande en fonction de la
quantité calculée par le dispositif de commande.

7. Amortisseur de vibrations selon la revendication 6,
dans lequel le dispositif de commande détermine s’il
faut changer les informations de commande selon
si la quantité calculée par le dispositif de commande
se situe dans une plage d’une quantité de référence.

8. Amortisseur de vibrations selon la revendication 7,
dans lequel, lorsque l’on détermine de changer les
informations de commande et la quantité calculée
par le dispositif de commande dépasse la plage de
la quantité de référence, le dispositif de commande
change les informations de commande pour aug-
menter un gain de la commande de rétroaction, et
dans lequel, lorsque l’on détermine de changer les
informations de commande et la quantité calculée
par le dispositif de commande tombe au-dessous de
la plage de la quantité de référence, le dispositif de
commande change les informations de commande
pour réduire le gain de la commande de rétroaction.

9. Amortisseur de vibrations selon la revendication 8,
comprenant en outre un notificateur pour notifier que
le dispositif de commande n’effectue pas la com-
mande de rétroaction lorsque la valeur de sortie ac-
quise par la section d’acquisition de valeur de sortie
atteint une limite supérieure de la valeur de sortie.

10. Amortisseur de vibrations selon la revendication 6,
comprenant en outre un notificateur pour notifier
qu’une précision de la commande de rétroaction du
dispositif de commande diminue lorsque la valeur
de sortie acquise par la section d’acquisition de va-
leur de sortie atteint une limite supérieure de la valeur
de sortie,
dans lequel le dispositif de commande change les
informations de commande pour maximiser un gain
de la commande de rétroaction.

11. Amortisseur de vibrations selon la revendication 1,
dans lequel le dispositif de commande change un
paramètre d’une opération correspondant au résul-
tat de détection du détecteur de vibrations, en fonc-
tion du résultat de détection du détecteur de vibra-
tions, d’une quantité d’état obtenue par le résultat
de détection et/ou d’une valeur cible de mouvement
de la section mobile en fonction de la quantité de
correction.

12. Amortisseur de vibrations selon la revendication 11,

dans lequel l’opération consiste à supprimer une vi-
bration dans une plage définie, et
dans lequel le dispositif de commande change la pla-
ge définie pour changer le paramètre de l’opération.

13. Amortisseur de vibrations selon la revendication 11
ou 12,
dans lequel le dispositif de commande détecte une
position de la section mobile par rapport à une po-
sition initiale en fonction de la quantité de mouve-
ment détectée par le détecteur de quantité de mou-
vement.

14. Amortisseur de vibrations selon la revendication 13,
dans lequel le dispositif de commande change le pa-
ramètre de l’opération en une valeur initiale, une pre-
mière valeur inférieure à la valeur initiale et/ou une
deuxième valeur supérieure à la valeur initiale.

15. Dispositif électronique (10) monté sur l’amortisseur
de vibrations selon l’une quelconque des revendica-
tions 1 à 14.

16. Dispositif électronique selon la revendication 15,
dans lequel le dispositif électronique est un dispositif
de capture d’image présentant une rainure de fileta-
ge pouvant être reliée à un trépied,
dans lequel l’amortisseur de vibrations comprend
une vis de trépied à visser dans la rainure de filetage
du dispositif de capture d’image.
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