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(57) Abstract: A photographing apparatus includes an imaging device that

[Fig. 1]

converts an optical image of an object into an electrical signal; a vibration
plate disposed at a front direction of the imaging device; a vibration generat -
or which is mounted on the vibration plate and vibrates the vibration plate; a
support frame which is located between the imaging device and the vibration
plate, and supports edges of the vibration plate; and a vibration plate press-
ing unit which is connected in the support frame and includes a part which
presses at least an area of the vibration plate.
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Description

Title of Invention: PHOTOGRAPHING APPARATUS
Technical Field

One or more embodiments relate to a photographing apparatus, and more par-
ticularly, to a photographing apparatus having a simple structure whereby dust is ef-
ficiently removed from an entire area of a vibration plate corresponding to an imaging
device.

Background Art

Digital image photographing apparatuses generally include a built-in imaging device.
Recently, as the number of pixels of the imaging device has been increased, a pixel
pitch has been made smaller. Accordingly, dust formed near the imaging device may
appear as a shadow or spot in a photographed image, thereby degrading the image
quality.

In the case of conventional cameras with a dust removing function, dust is removed
by using an ultrasonic wave or an electromagnetic force. Recently, dust has been
removed mainly by using a vibration source such as a piezoelectric device. However,
as only one resonant mode is created in a vibration plate for one frequency, a vibration
which is effective for removing dust is not generated in a node portion of the vibration,

thereby resulting in an area in which dust is not removed.
Disclosure of Invention

Technical Problem

Embodiments include a photographing apparatus having a simple structure whereby
dust formed on an imaging device may be effectively removed from an entire area of a
vibration plate corresponding to the imaging device.
Solution to Problem

According to an embodiment, a photographing apparatus includes: an imaging device
that converts an optical image of an object into an electrical signal; a vibration plate
disposed at a front direction of the imaging device; a vibration generator which is
mounted on the vibration plate and vibrates the vibration plate; a support frame which
is located between the imaging device and the vibration plate, and supports edges of
the vibration plate; and a vibration plate pressing unit which is connected to the
support frame and includes a part which presses at least an area of the vibrating plate.

In the photographing apparatus having the above structure, a vibration may be
separated and transmitted to the vibration plate by using the vibration plate pressing
unit. Therefore, as different types of vibrations are transmitted to the vibration plate, a

node portion of the vibration is minimized, thereby improving the performance of
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removing dust.

The vibration plate pressing unit may include a part in contact with the vibration
plate for pressing at least an area of a front surface of the vibration plate.

The support frame may include a protruding portion which protrudes toward the
vibration plate and supports a rear side of the vibration plate, and the protruding
portion may be located at a position corresponding to an area of the vibration plate
which is pressed by the vibration plate pressing unit.

The vibration plate may be a low pass filter (LPF).

The vibration generator may be a piezoelectric device.

The vibration plate pressing unit may include a connection portion which extends
from the support frame toward the object and is separated from the vibration plate, and
a bending portion which bends at the connection portion and extends along a front
surface of the vibration plate.

An end of the bending portion may be inclined to press the vibration plate.

The bending portion may further include a protruding projection portion that presses
the vibration plate.

The photographing apparatus may further include a vibration buffering unit which is
disposed between the support frame and the vibration plate and buffers a vibration of
the vibration plate.

The vibration buffering unit may include a groove which is formed in an area corre-
sponding to the protruding portion so that the protruding portion penetrates toward the

vibration plate.

Advantageous Effects of Invention

As described above, a photographing apparatus according to the above described em-
bodiments has a simple structure for effectively removing dust from the entire area of
the vibration plate by transmitting vibrations in different modes to a surface of the
vibration plate by using one vibration generator.
Brief Description of Drawings

The above and other features and advantages will become more apparent by de-
scribing in detail exemplary embodiments with reference to the attached drawings in
which:

FIG. 1 is a perspective view illustrating individual elements of a photographing
apparatus, according to an embodiment;

FIG. 2 is a perspective view illustrating the photographic apparatus of FIG.1 in
which the individual elements are coupled, according to an embodiment;

FIG. 3 is a perspective view illustrating an enlarged cross-section of a part of the

photographing apparatus of FIG. 2, according to an embodiment;
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FIG. 4 is a cross-sectional view along a line IV-1V, illustrating a side of the pho-

tographing apparatus of FIG. 2, according to an embodiment;
FIG. 5 is a cross-sectional view of a side of a photographing apparatus, according to

another embodiment;

FIG. 6 is a cross-sectional view of a side of a photographing apparatus, according to
another embodiment;

FIG. 7 illustrates a resonant mode of a vibration plate in which one antinode and two
nodes are produced, according to an embodiment;

FIG. 8 illustrates a resonant mode of a vibration plate in which two antinodes and
three nodes are produced, according to an embodiment; and

FIG. 9 illustrates propagation of a vibration in a vibration plate of the photographing

apparatus of FIG. 1, according to an embodiment.

Best Mode for Carrying out the Invention

Hereinafter, exemplary embodiments will be described with reference to the ac-
companying drawings. A front direction of a photographing apparatus is a direction
toward an object.

FIG. 1 is a perspective view illustrating individual elements of a photographing
apparatus, according to an embodiment, and FIG. 2 is a perspective view illustrating
the photographing apparatus of FIG. 1 in which the individual elements are coupled,
according to an embodiment.

The photographing apparatus in the embodiment of FIG. 1 includes an imaging
device 10, a vibration plate 20, a vibration generator 30, a support frame 40, and a
vibration plate pressing unit 50.

The imaging device 10 converts an optical image of an object into an electrical
signal. Image light of the object is formed on an image forming surface of the imaging
device 10 by penetrating through a photographing optical system (not illustrated). The
imaging device 10 may be a photoelectric conversable device, for example, a charge
coupled device (CCD) or a complementary metal-oxide semiconductor (CMOS).

The vibration plate 20 is an optical device located at a front direction of the imaging
device 10 and is penetrated by an incident light. Generally, the vibration plate 20 may
be a low pass filter (LPF), however, this should not be construed as limiting. As light
reflected from the object enters the imaging device 10 through the vibration plate 20,
when fine dust accumulates on the vibration plate 20, a shadow may be generated in
the photographed image.

The vibration generator 30 is a device that generates a vibration in response to an
electrical signal. The vibration generator 30 may be a piezoelectric device. A mini

driving motor may be manufactured by using the piezoelectric device. When an al-
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ternating current (AC) is applied to the piezoelectric device, the piezoelectric device
generates a vibration having a specific frequency according to a driving waveform of
the applied electric current.

The vibration generator 30 is mounted on a side of the vibration plate 20 and
transmits the generated vibration to the vibration plate 20 in order to remove fine dust
accumulated on the vibration plate 20.

The support frame 40 is located between the imaging device 10 and the vibration
plate 20 and supports edges of the vibration plate 20. The support frame 40 extends
along an edge of the vibration plate 20 so that the light may penetrate the vibration
plate 20.

The support frame 40 includes a mounting portion 43. The mounting portion 43 is
disposed at edges of the support frame 40, and an imaging device support unit 11 that
supports the imaging device 10 includes a mounting portion 13 corresponding to the
mounting portion 43. The vibration plate pressing unit 50 also includes a mounting
portion 57 corresponding to the mounting portions 13 and 43.

The support frame 40 supporting the vibration plate 20, the imaging device support
unit 11 supporting the imaging device 10, and the vibration plate pressing unit 50 are
coupled to each other by using coupling units 71, 72, 73, and 74. The coupling units
71,72,73, and 74 may be bolts.

Bolts may be inserted into mounting units of mounting portions 13, 43, and 57. The
coupling units 71, 72, 73, and 74 may also be pins, adhesive, or adhesive bandages.

The support frame 40 may include a protruding portion 41 which protrudes toward
the vibration plate 20 to support a rear side of the vibration plate 20. The protruding
portion 41 is located at a position corresponding to an area of the vibration plate 20
which is pressed by the vibration plate pressing unit 50.

A vibration buffering unit 60 may be interposed between the support frame 40 and
the vibration plate 20 and be formed of a flexible material to allow a vibration to
propagate in the vibration plate 20. The vibration buffering unit 60 buffers a vibration
of the vibration plate 20 so as to prevent an effect of the vibration on the other
elements of the photographing apparatus except the vibration plate 20. The vibration
buffering unit 60 may include a groove formed in an area which corresponds to the
protruding portion 41 of the support frame 40 so that the protruding portion 41
penetrates toward the vibration plate 20.

The vibration plate pressing unit 50 is connected to the support frame 40 and
includes a part which presses at least an area of the vibration plate 20. In the current
embodiment, just one vibration plate pressing unit 50 is included. However, the
number of the vibration plate pressing unit 50 is not limited to one.

As illustrated in FIG. 1, the vibration plate pressing unit 50 may press the area corre-
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sponding to a center of an edge of the vibration plate 20, but is not limited thereto.
That is, the vibration plate pressing unit 50 may be modified to press an area off the
center of an edge of the vibration plate 20.

In the current embodiment, a connection member 51 may further be included to
connect the support frame 40 and the vibration plate 20 at a location where it faces the
vibration plate pressing unit 50. A rubber may be disposed between the connection
member 51 and the vibration plate 20 so that the connection member 51 does not press
the vibration plate.

The photographing apparatus of FIG. 1 may further include an optical device 80 such
as a filter or the like.

FIG. 3 is a perspective view illustrating an enlarged cross-section of a part of the
photographing apparatus of FIG. 2, according to an embodiment. FIG. 4 is a cross-
sectional view along a line IV-1V, illustrating a side of the photographing apparatus of
FIG. 2, according to an embodiment. Referring to FIG. 4, in the photographing
apparatus in the embodiment of FIG. 2, the vibration plate 20, the support frame 40,
and the imaging device support unit 11 which is coupled with the imaging device 10
are connected to each other by using the coupling units 71 and 72. The support frame
40 and the imaging device support unit 11 may be additionally connected by using the
coupling units 73 and 74 located at two diagonally opposite corners of the support
frame.

Each element may be easily coupled according to the coupling structure described
above.

Referring to FIGS. 3 and 4, the vibration generator 30 is mounted on the vibration
plate 20, and the support frame 40 supports the vibration plate 20.

The support frame 40 includes the protruding portion 41. The protruding portion 41
contacts the vibration plate 20 and supports a rear surface of the vibration plate 20
which is pressed by the vibration plate pressing unit 50.

The vibration plate pressing unit 50 includes a connection portion 53, which extends
from the support frame 40 in a direction toward the object and is separated from the
vibration plate 20, and a bending portion 54, which extends from the connection
portion 53 and is inclined toward the vibration plate 20.

The vibration plate pressing unit 50 surrounds the vibration generator 30 without
contacting it so that generation of a vibration from the vibration generator 30 is not ob-
structed. One end of the bending portion 54 needs to contact the vibration plate 20 so
that the bending portion 54 presses the vibration plate 20. Therefore, the bending
portion 54 may be inclined in a direction from the connection portion 53 to the
vibration plate 20.

Accordingly, an angle abetween the connection portion 53 and the bending portion
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54 may be less than 90 degrees. A degree of pressing is different according to an in-

clination degree of the bending portion 53, which may be changed in a design process.
As the vibration plate pressing unit 50 presses at least one area of the vibration plate

20, a vibration in the pressed area of the vibration plate 20 may be suppressed
compared to other areas.

Accordingly, although the vibration generator 30 generates a vibration having one
frequency in response to an electrical signal, when the vibration plate 20 is pressed by
the vibration plate pressing unit 50, the vibration is separated into at least two parts and
the two parts of the vibration having different frequencies propagate to the vibration
plate 20, thereby generating a resonant mode for each different frequency.

Furthermore, the vibration buffering unit 60 is interposed between the support frame
40 and the vibration plate 20. The vibration buffering unit 60 extends along an edge of
the vibration plate 20 and supports the vibration plate 20 so that the vibration plate 20
may vibrate without restriction. The vibration buffering unit 60 also performs as a
cushion for buffering a vibration generated by the vibration plate 20 in order to prevent
the vibration from being transmitted to other elements.

The photographing apparatus may include two or more vibration plate pressing units
50.

Mode for the Invention

FIG. 5 is a cross-sectional view of a side of a photographing apparatus, according to
another embodiment.

In the photographing apparatus in the current embodiment of FIG. 5, a structure of a
vibration generator 30" is modified.

Unlike the vibration generator 30 of FIG. 4, which is located at a cross-section
formed at one side of the vibration plate 20, the vibration generator 30' is mounted on a
rear surface of a vibration plate 20" and vibrates the vibration plate 20'.

However, the location of the vibration generator 30' is not limited thereto and the
vibration generator 30" may be mounted in any area of the vibration plate 20'.

Furthermore, a relative size of the vibration generator 30" with respect to the
vibration plate 20' may be variously modified.

FIG. 6 is a cross-sectional view of a side of a photographing apparatus, according to
another embodiment.

In the photographing apparatus in the current embodiment of FIG. 6, a structure of a
vibration plate pressing unit 50' is modified.

The vibration plate pressing unit 50' includes a connection portion 53" and a bending
portion 54'. An angle o' between the connection portion 53" and the bending portion 54

may be 90 degrees. However, this should not be construed as limiting.
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The bending portion 54' includes a protruding projection portion 55' contacting the
vibration plate 20. The protruding projection portion 55' is formed at a location corre-
sponding to a protruding portion 41 of a support frame 40 and presses the vibration
plate 20.

The vibration plate pressing unit 50' is connected to the support frame 40 and the
vibration plate pressing unit 50' including the protruding projection portion 55' presses
the vibration plate 20, and thus the vibration with one frequency is separated into two
parts by pressing the vibration plate 20. The vibration plate pressing unit 50' may be
modified to have a different structure from the embodiments of FIGS. 4 and 5.

FIG. 7 illustrates a resonant mode of a vibration plate in which one antinode and two
nodes are produced, according to an embodiment, and FIG. 8 illustrates a resonant
mode of a vibration plate in which two antinodes and three nodes are produced,
according to an embodiment. FIG. 8 illustrates a case in which a frequency is higher
than in the case of FIG. 7.

As illustrated in FIGS. 7 and 8, an antinode portion and a node portion are produced
in a vibration generated in a resonant mode. In the antinode portion of the vibration, as
the vibration amplitude is large, dust accumulated on a vibration plate may be ef-
ficiently removed. However, in the node portion of the vibration, as the vibration
amplitude is zero, dust may not be removed.

In the photographing apparatus in the above described embodiments, when the
vibration generator 30 is driven at one frequency, a vibration that propagates in the
vibration plate 20 is separated into two parts so as to produce two vibration modes. Ac-
cordingly, a node may not be produced in the entire vibration plate 20. For example,
when both the resonant modes of FIGS. 7 and § are applied to the same flat surface,
node portions do not overlap with each other. Therefore, the entire vibration plate 20
may vibrate with enough amplitude for removing dust via one vibration generator 30
vibrating by a driving signal at one frequency, so that dust accumulated on the
vibration plate 20 may be effectively removed.

FIG. 9 illustrates propagation of a vibration in the vibration plate 20 of the pho-
tographing apparatus of FIG. 1, according to an embodiment.

Referring to FIG. 9, as a vibration is suppressed in a first area A which is pressed by
the vibration plate pressing unit 50, vibrations with different types of vibration modes
propagate respectively in a second area B and a third area C. Hereinafter, a vibration
mode in the second area B is referred to as a vibration mode B, and a vibration mode in
the third area C is referred to as a vibration mode C. Therefore, although a driving
signal of one frequency is transmitted to the vibration generator 30, the driving signal
has the same effect as two signals of different frequencies which are input to the

vibration generator 30 and vibrate the vibration generator 30.
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At each area of a surface of the vibration plate 20, a vibration amplitude is created as
a vibration caused by the vibration mode B and a vibration caused by the vibration
mode C are synthesized. When observing an arbitrary point on a surface of the
vibration plate 20, even if a node is formed and the vibration amplitude becomes
smaller at the observation point due to vibration propagation by the vibration mode B,

a node is not produced due to vibration propagation by the vibration mode C.
As such, by propagating a vibration caused by the vibration mode B and a vibration

caused by the vibration mode C together, deterioration of vibration amplitude at a
location of a node may be compensated for by using vibration propagation due to a
different vibration mode, thereby remarkably reducing the number of nodes formed on
the vibration plate 20. Therefore, the number of nodes where vibration amplitude is
zero may be decreased in the entire area of the vibration plate 20.

A location of a node on a surface of the vibration plate 20 in each vibration mode
may be changed according to a frequency of an input signal. Therefore, by setting the
frequency to an optimum value, generation of an area on a surface of the vibration
plate 20 where the vibration amplitude is locally deteriorated may be minimized.

In order to prevent creation of a node of the vibration amplitude in all area of the
vibration plate 20, a frequency of an input signal provided to the vibration generator 30
is set to an optimum value. Accordingly, by changing a frequency input to the
vibration generator 30, a frequency for creating a vibration amplitude of a prede-
termined value or higher in each area of the vibration plate 20 is obtained respectively

for the vibration mode B and the vibration mode C.

Industrial Applicability

One or more embodiments relate to a photographing apparatus, and more par-
ticularly, to a photographing apparatus having a simple structure whereby dust is ef-
ficiently removed from an entire area of a vibration plate corresponding to an imaging
device.

A photographing apparatus according to the above described embodiments has a
simple structure for effectively removing dust from the entire area of the vibration
plate by transmitting vibrations in different modes to a surface of the vibration plate by

using one vibration generator.
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Claims
A photographing apparatus comprising:
an imaging device that converts an optical image of an object into an
electrical signal;
a vibration plate disposed at a front direction of the imaging device;
a vibration generator which is mounted on the vibration plate and
vibrates the vibration plate;
a support frame which is located between the imaging device and the
vibration plate, and supports edges of the vibration plate; and
a vibration plate pressing unit which is connected to the support frame
and comprises a part which presses at least an area of the vibration
plate.
The photographing apparatus of claim 1, wherein the vibration plate
pressing unit comprises a part in contact with the vibration plate for
pressing at least an area of a front surface of the vibration plate.
The photographing apparatus of claim 1, wherein the support frame
comprises a protruding portion which protrudes toward the vibration
plate and supports a rear side of the vibration plate, and the protruding
portion is located at a position corresponding to an area of the vibration
plate which is pressed by the vibration plate pressing unit.
The photographing apparatus of claim 1, wherein the vibration plate is
a low pass filter (LPF).
The photographing apparatus of claim 1, wherein the vibration
generator unit is a piezoelectric device.
The photographing apparatus of claim 1, wherein the vibration plate
pressing unit comprises a connection portion which extends from the
support frame toward the object and is separated from the vibration
plate, and a bending portion which bends at the connection portion and
extends along a front surface of the vibration plate.
The photographing apparatus of claim 6, wherein an end of the bending
portion is inclined to press the vibration plate.
The photographing apparatus of claim 6, wherein the bending portion
further comprises a protruding projection portion that presses the
vibration plate.
The photographing apparatus of claim 1, further comprising a vibration
buffering unit which is disposed between the support frame and the

vibration plate and buffers a vibration of the vibration plate.
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The photographing apparatus of claim 3, further comprising a vibration
buffering unit which is disposed between the support frame and the
vibration plate and buffers a vibration of the vibration plate.

The photographing apparatus of claim 10, wherein the vibration
buffering unit comprises a groove which is formed in an area corre-
sponding to the protruding portion so that the protruding portion

penetrates toward the vibration plate.
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[Fig. 5]
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