US 20130308046A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2013/0308046 A1

Ryu et al. 43) Pub. Date: Nov. 21, 2013
(54) IMAGING APPARATUS AND METHOD OF 30) Foreign Application Priority Data
MANUFACTURING THE SAME
May 15,2012 (KR) .cooeiviiciene 10-2012-0051653
(71)  Applicant: i‘%}l\)/[-,sgufv(o;nli::;lég{{)RONlcs co., Publication Classification
. (51) Imnt.ClL
(72) Inventors: gun-yfmIIl(g. Rygileaseong-s;( g(R); HO4N 5225 (2006.01)
ong-ju Kim, Changwon-si (KR) (52) US.CL
CPC oo HO04N 5/2251 (2013.01)
(73) Assignee: SAMSUNG ELECTRONICS CO., USPC e, 348/373; 29/428
LTD., Suwon-si (KR) (57) ABSTRACT
An imaging apparatus includes an imaging device, a support
(21) Appl. No.: 13/710,787 plate that supports the imaging device, a main body that
supports the support plate to adjust a position of the support
plate, and a posture sensor that is disposed on the support
(22) Filed: Dec. 11, 2012 plate and senses a change in a posture of the main body.




Patent Application Publication  Nov. 21,2013 Sheet 1 of 7 US 2013/0308046 A1

FIG. 1

119

7

R,
e’ R
. AN - \\
\/“ N H

140




Patent Application Publication  Nov. 21,2013 Sheet 2 of 7 US 2013/0308046 A1

119 60

120 \
—

121 122




Patent Application Publication  Nov. 21,2013 Sheet 3 of 7 US 2013/0308046 A1
12
I
] 10
]
S~——
109 i i 120
' 60 Tor 100
| -/
e <)
4—101
120
170 =i | 4103




US 2013/0308046 A1

Nov. 21,2013 Sheet 4 of 7

Patent Application Publication

1INN H3INFOIH oINS
1NdNI 43SN LNdNI
HOVEN AHOWIN
08 8¥
eF Gl
HOSSIHANOD
IOV HITIOHLINOD
SNIT
6%
v
HITI0HLNOD LINN LINN
Sil ONIAEA SII | |ONIAHG SNIT
o £l Ll
HOSN3S 43N303H HITI0HLNOD
34NLS0d HOSN3S ONIHAYHOOLOHd 02
09 ot LY E\ ;
LINN HITIOHLINOD H3LHIANOD oM | [\ T AR ]
AV1dSIC AV1dSIa JOVII ONIDVII | [
0S ' L 02 |
] \
0l !

or

v Old



Patent Application Publication  Nov. 21,2013 Sheet 5 of 7 US 2013/0308046 A1

FIG. S

B2

{
/

H3




Patent Application Publication  Nov. 21,2013 Sheet 6 of 7 US 2013/0308046 A1

202} 201
203




Patent Application Publication  Nov. 21,2013 Sheet 7 of 7 US 2013/0308046 A1

FIG. 7

X A
7
302 390 310 35p 319 303 380 3

FIG. 8

DISPOSE IMAGING DEVICE ON —— 5110
SUPPORT PLATE

!

DISPOSE POSTURE SENSOR ON
SUPPORT PLATE

!

DISPOSE SUPPORT PLATE ON MAIN BODY p— 35130

1

ADJUST POSITION OF SUPPORT
PLATE RELATIVE TO MAIN BODY

!

FIX SUPPORT PLATE TO MAIN BODY — 5150

-— 5120

-— 5140

END



US 2013/0308046 Al

IMAGING APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2012-0051653, filed on
May 15, 2012, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] Various embodiments relate to an imaging appara-
tus and a method of manufacturing the same, and more par-
ticularly, to an imaging apparatus and a method of manufac-
turing the imaging apparatus which may precisely adjust a
position of a sensor and conveniently perform an assembling
process.

[0003] As the technologies for manufacturing electronic
components have improved, thin and small imaging appara-
tuses such as digital cameras and digital camcorders have
been manufactured. Various types of sensors are mounted on
compact imaging apparatuses to perform various functions.
However, as thinner and smaller imaging apparatuses have
been developed, it has become more difficult to perform an
assembling process of precisely mounting a sensor.

[0004] Japanese Patent Application Publication No. 2011-
259072 discloses an imaging apparatus including an accel-
eration sensor. In general, since an imaging device and an
acceleration sensor of an imaging apparatus are provided on
independent mechanical elements, it is necessary to precisely
adjust a position of the acceleration sensor relative to a main
body of the imaging apparatus when the acceleration sensor is
assembled into the imaging apparatus.

[0005] However, since a mechanical tolerance exists
between mechanical elements of the imaging apparatus, it is
difficult and time consuming to adjust the position of the
acceleration sensor. Also, since not only a process of adjust-
ing the acceleration sensor relative to the main body of the
imaging apparatus but also a process of adjusting the imaging
device need to be performed, it is time consuming and diffi-
cult to precisely adjust both the acceleration sensor and the
imaging device.

SUMMARY

[0006] Various embodiments provide animaging apparatus
and a method of manufacturing the same whereby a position
of a posture sensor may be easily and precisely adjusted.
[0007] Various embodiments also provide an imaging
apparatus and a method of manufacturing the same whereby
a process of adjusting a position of a posture sensor may be
performed by performing a process of adjusting a position of
an imaging device.

[0008] Various embodiments also provide an imaging
apparatus and a method of manufacturing the same whereby
an assembling process may be easily performed.

[0009] According to an embodiment, there is provided an
imaging apparatus including: an imaging device; a support
plate that supports the imaging device; a main body that
supports the support plate to adjust a position of the support
plate; and a posture sensor that is disposed on the support
plate and senses a change in a posture of the main body.
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[0010] Theimaging apparatus may further include position
adjusting units that adjust the position of the support plate
relative to the main body.

[0011] The position adjusting units may include a plurality
of adjusting screws that are respectively inserted into a plu-
rality of coupling holes formed in the support plate, wherein
lengths of portions of the plurality of adjusting screws passing
through the plurality of coupling holes and protruding from
the support plate are adjusted.

[0012] End portions of the plurality of adjusting screws
protruding from the support plate may be supported by the
main body.

[0013] The imaging apparatus may further include a main
circuit board that is mounted on the main body, wherein end
portions of the plurality of adjusting screws protruding from
the support plate are supported by the main circuit board.
[0014] The position of the support plate relative to the main
body may be adjusted by rotating the support plate relative to
the main body plate in a first direction, rotating the support
plate relative to the main body in a second direction that
intersects the first direction, or moving the support plate
toward or away from the main body.

[0015] The imaging apparatus may further include a fixing
member that fixes the support plate to the main body.

[0016] The support plate may be fixed to the main body by
using an adhesive.

[0017] The support plate may include an electrical circuit
pattern that is electrically connected to the imaging device
and the posture sensor.

[0018] The imaging apparatus may further include a main
circuit board that is mounted on the main body and is electri-
cally connected to the support plate.

[0019] The main circuit board may be disposed to face a
surface of the support plate opposite to a surface of the sup-
port plate on which the imaging device is disposed.

[0020] The main circuit board may be disposed to be
spaced apart from a side surface of the support plate.

[0021] The imaging apparatus may further include a flex-
ible circuit board that is electrically connected to the imaging
device and the posture sensor, wherein the imaging device
and the posture sensor are coupled to the support plate via the
flexible circuit board.

[0022] The posture sensor may be one selected from the
group consisting of an acceleration sensor for sensing a
change in acceleration due to a movement of the main body,
an angular velocity sensor for sensing a change in angular
velocity, and a combination of an acceleration sensor and an
angular velocity sensor.

[0023] According to another embodiment, there is pro-
vided a method of manufacturing an imaging apparatus, the
method including: disposing an imaging device on a support
plate; disposing a posture sensor on the support plate; dispos-
ing the support plate on a main body; and adjusting a position
of the support plate relative to the main body.

[0024] The method may further include, after the adjusting
of the position of the support plate relative to the main body,
fixing the support plate to the main body.

[0025] The fixing of the support plate may include fixing
the support plate to the main body by using an adhesive.
[0026] The fixing of the support plate may include fixing
the support plate to the main body by using a fixing member.
[0027] The method may further include, after the fixing of
the support plate to the main body, obtaining a signal about a
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reference surface from the posture sensor and compensating
for a positional difference between the posture sensor and the
imaging device.

[0028] The adjusting of the position of the support plate
relative to the main body may include adjusting the position
of'the support plate by rotating the support plate relative to the
main body in a first direction, rotating the support plate rela-
tive to the main body in a second direction that intersects the
first direction, or moving the support plate toward or away
from the main body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and advantages will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached drawings
in which:

[0030] FIG. 11is a perspective view illustrating an imaging
apparatus, according to an embodiment;

[0031] FIG. 2 is a partial perspective view illustrating the
imaging apparatus of FIG. 1;

[0032] FIG. 3 is a cross-sectional view illustrating the
imaging apparatus of FIG. 1;

[0033] FIG. 4 is a block diagram for explaining a relation-
ship between elements of the imaging apparatus of FIG. 1;
[0034] FIG. 5 is a perspective view for explaining a photo-
graphing operation of the imaging apparatus of FIG. 1;
[0035] FIG. 6 is a partial exploded perspective view illus-
trating an imaging apparatus, according to another embodi-
ment;

[0036] FIG.7is across-sectional view illustrating an imag-
ing apparatus, according to another embodiment; and
[0037] FIG. 8 is a flowchart illustrating a method of manu-
facturing an imaging apparatus, according to an embodiment.

DETAILED DESCRIPTION

[0038] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
[0039] Various embodiments of the invention will now be
described more fully with reference to the accompanying
drawings, in which exemplary embodiments are shown.
[0040] FIG. 11is a perspective view illustrating an imaging
apparatus, according to an embodiment.

[0041] Referring to FIG. 1, the imaging apparatus includes
an imaging device 20, a support plate 110 that supports the
imaging device 20, amain body 101 that supports the support
plate 110 to adjust a position of the support plate 110, and a
posture sensor 60 thatis disposed on the support plate 110 and
senses a change in a posture of the main body 101.

[0042] Althoughthe imaging apparatus of FIG. 1 is a digital
camera, the present embodiment is not limited thereto. That
is, the imaging apparatus may be any of various devices such
as a digital camcorder, a mobile phone including a camera, a
smart phone, a mobile media player including a camera, and
a tablet computer.

[0043] When an image of a subject passes through a barrel
10 and is incident on the imaging device 20, the imaging
device 20 may convert the image of the subject into an elec-
trical signal. In order to accurately form the image of the
subject on the imaging device 20, the imaging device 20 has
to be accurately aligned with an optical axis L of the barrel 10.
[0044] FIG. 2 is a partial perspective view illustrating the
imaging apparatus of FIG. 1. FIG. 3 is a cross-sectional view
illustrating the imaging apparatus of FIG. 1.
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[0045] The support plate 110 that supports the imaging
device 20 is disposed such that a position of the support plate
110 relative to the main body 101 may be adjusted. That is,
when elements of the imaging apparatus are assembled, a
position of the support plate 110 relative to the main body 101
in X, Y, and Z-axes may be adjusted.

[0046] Position adjusting units 120 for adjusting a position
of the support plate 110 relative to the main body 101 are
provided between the support plate 110 and the main body
101. The position adjusting units 120 include adjusting
screws 122 that are inserted into a plurality of coupling holes
119 formed in the support plate 110, and head portions 121
that are coupled to end portions of the adjusting screws 122.

[0047] Since screw surfaces corresponding to the adjusting
screws 122 are formed on inner walls of the coupling holes
119 of the support plate 110, the adjusting screws 122 may be
screwed into the coupling holes 119 of the support plate 110.
As an operator rotates the head portions 121 during an assem-
bling process, lengths of portions of the adjusting screws 122
passing through the coupling holes 119 and protruding from
the support plate 110 may be adjusted.

[0048] Referring to FIG. 3, the support plate 110 is sup-
ported by chassis 102 and 103 that protrude into the main
body 101. End portions of the adjusting screws 122 passing
through the coupling holes 119 of the support plate 110 are
supported by the chassis 102 and 103. However, a structure in
which a position of the support plate 110 relative to the main
body 101 may be adjusted is not limited thereto.

[0049] Forexample, by modifying the structure in FIG. 3,a
main circuit board 130 may be fixed to the chassis 102 and
103 of the main body 101, the support plate 110 may be
disposed on the main circuit board 130, and the end portions
of'the adjusting screws 122 passing through the support plate
110 may be supported by the main circuit board 130.

[0050] Three position adjusting units 120 are provided. As
the adjusting screws 122 of the three position adjusting units
120 are adjusted, positions of portions of the support plate
110 corresponding to the adjusting screws 122 which are
spaced apart from the chassis 102 and 103 may be changed.
Accordingly, by combining adjusted positions of the three
position adjusting units 120, the support plate 110 may be
rotated in a panning direction (a P-axis direction), the support
plate 110 may be rotated in a tilting direction (a T-axis direc-
tion), or a position in an X-axis direction may be adjusted.

[0051] The number or positions of the position adjusting
units are not limited thereto, and the a various number of, for
example, 4, 5, or 6, position adjusting units 120 may be
provided.

[0052] A position of the support plate 110 relative to an
optical axis L. of the imaging device 20 may be precisely
adjusted by adjusting a position of the support plate 110
relative to the main body 101 by using the position adjusting
units 120. For example, the support plate 110 may be pre-
cisely adjusted such that the amount of the support plate 110
tilted with respect to the optical axis L is about 10 um.

[0053] The posture sensor 60 for sensing a change in a
posture of the main body 101 is disposed on the support plate
110. The posture sensor 60 may be embodied as an accelera-
tion sensor for sensing a change in acceleration due to a
movement of the main body 101, an angular velocity sensor
for sensing a change in an angular velocity due to amovement
of the main body 101, or a combination of an acceleration
sensor and an angular velocity sensor.
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[0054] Since the posture sensor 60 as well as the imaging
device 20 is disposed on the support plate 110, a position of
the posture sensor 60 relative to the main body 101 may be
adjusted by performing a process of adjusting a position of the
imaging device 20 relative to the main body 101. As described
above, since the imaging device 20 is precisely adjusted such
that the amount of the imaging device 20 tilted with respect to
the optical axis L and the main body 101 is about 10 pm, the
posture sensor 60 may also be precisely adjusted relative to
the main body 101.

[0055] By disposing the posture sensor 60 at a predeter-
mined position on the support plate 110, a position of the
posture sensor 60 relative to the main body 101 may also be
completely adjusted.

[0056] In general, a positioning precision of the posture
sensor 60 relative to the main body 101 may be within a range
of a positioning precision of the imaging device 20. Even
when a slight mechanical tolerance exists between the sup-
port plate 110 and the posture sensor 60, the mechanical
tolerance may be reduced by performing position adjustment
on the imaging device 20 with high precision.

[0057] If the posture sensor 60 is a cheap one, the posture
sensor 60 may deviate greatly. Such a deviation may be con-
trolled by a control unit (not shown) to offset a signal value of
the posture sensor 60 relative to the main body 101 after a
position of the imaging device 20 is adjusted. That is, after a
position of the support plate 110 is adjusted, the imaging
apparatus is placed on a surface horizontal to a gravity direc-
tion as a reference surface and a signal value of the posture
sensor 60 is obtained. By setting the signal value of the
posture sensor 60 output with respect to the reference surface
as a reference value, the deviation of the posture sensor 60
may be corrected.

[0058] If the posture sensor 60 is disposed on the main
circuit board 130 like in a conventional method, a process of
adjusting a position of the posture sensor 60 relative to the
main body 101 needs to be additionally performed. However,
in the present embodiment, since both the posture sensor 60
and the imaging device 20 are disposed on the support plate
110, a process of adjusting a position of the posture sensor 60
relative to the main body 101 may also be completed by
performing a process of adjusting a position of the imaging
device 20.

[0059] Once the process of adjusting the position of the
support plate 110 relative to the main body 101 is completed,
the support plate 110 may be fixed to the chassis 102 and 103
of'the main body 101 by using an adhesive 170. The adhesive
170 may be, for example, an ultraviolet curable resin or a
thermosetting resin.

[0060] However, amethod of fixing the support plate 110 to
the main body 101 is not limited thereto. For example, the
support plate 110 may be fixed to the main body 101 by using
a fixing member (not shown) such as bolts and nuts, rivets, or
clips.

[0061] The support plate 110 may include a circuit pattern
118 that is electrically connected to the imaging device 20 and
the posture sensor 60. Also, the support plate 110 may include
a semiconductor chip 117 having a function other than func-
tions of the imaging device 20 and the posture sensor 60. As
such, although the support plate 110 includes the circuit pat-
tern 118 and is embodied as a rigid printed circuit board
(PCB) including the imaging device 20, the posture sensor 60,
and the semiconductor chip 117, the present embodiment is
not limited thereto.
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[0062] The main circuit board 130 may be disposed in the
main body 101. The main circuit board 130 is electrically
connected to the support plate 110 by using a flexible circuit
board 140, and the main circuit board 130 transmits or
receives a signal to or from elements such as a display unit 50,
a user input unit 80 such as buttons (not shown), the imaging
device 20, and the posture sensor 60, and controls other
elements.

[0063] A mount portion 109 may be formed on a front
portion of the main body 101 corresponding to the imaging
device 20, and the barrel 10 including lenses 12 may be
detachably mounted on the mount portion 109. A method of
coupling the barrel 10 to the main body 101 is not limited
thereto, and the barrel 10 may be fixed to the main body 101.
[0064] FIG. 4 is a block diagram for explaining a relation-
ship between elements of the imaging apparatus of FIG. 1.
[0065] Referring to FIG. 4, since the imaging apparatus
includes the imaging device 20 and the posture sensor 60, a
photographing operation of the imaging device 20 may be
variously controlled based on a signal received from the pos-
ture sensor 60.

[0066] Theimaging device 20 obtains an image of a subject
and converts the image into an electrical signal, and an image
converter 41 of a control unit 40 converts the electrical signal
generated by the imaging device 20 into image data. A pho-
tographing controller 47 of the control unit 40 controls the
imaging device 20 to perform a photographing operation.
[0067] The barrel 10 is disposed in front of the imaging
device 20. The barrel 10 includes a plurality of lenses 12 and
aniris 70, and allows external image light to reach an imaging
surface of the imaging device 20. The lenses 12 are disposed
such that intervals between the lenses 12 may be changed.
When the intervals between the lenses 12 are changed, a zoom
ratio or focus may be adjusted.

[0068] The iris 70 which is controlled by an iris driving unit
13 adjusts the amount of light incident on the imaging device
20.

[0069] The lenses 12 are arranged along an optical axis L.
connecting the centers of the lenses 12. Since the lenses 12 are
driven by a lens driving unit 11 including a driving member
such as a zoom motor (not shown), positions of the lenses 12
relative to one another may be changed. The lenses 12 may
include a zoom lens for magnifying or minifying an image of
a subject, and a focus lens for adjusting focus on the subject.
The lens driving unit 11 receives a control signal from a lens
controller 42 of the control unit 40 and controls positions of
the lenses 12 so that the lenses 12 may have one of a plurality
of magnifying powers.

[0070] The imaging device 20 includes a photoelectric
transformation device such as a charge-coupled device
(CCD) or a complementary metal oxide semiconductor
(CMOS), and converts image light incident through the lenses
12 and the iris 70 into an electrical signal. The imaging device
20 is driven by a control signal applied from the photograph-
ing controller 47.

[0071] The image converter 41 image processes the elec-
trical signal of the imaging device 20, or converts the electri-
cal signal into image data that may be stored in a storage
medium such as a memory 15. For example, after the image
converter 41 converts the electrical signal of the imaging
device 20 into RGB data, the image converter 41 may convert
the RGB data into raw data such as aYUV signal including a
luminance component Y and chrominance components UV.
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[0072] Also, a process of converting the electrical signal of
the imaging device 20 by using the image converter 41 may
include, for example, a step of reducing noise included in the
electrical signal of the imaging device 20 by using a corre-
lated double sampling (CDS) circuit, a step of adjusting a gain
of a signal by using an automatic gain control (AGC) circuit
after the noise is reduced, a step of converting an analog signal
into a digital signal by using an A/D converter, and a step of
performing signal processing, such as defective pixel correc-
tion, gain control, white balance, or gamma correction, on the
digital signal. The CDS circuit, the AGC circuit, or the A/D
converter may be configured as a separate circuit.

[0073] The control unit 40 is electrically connected to the
imaging device 20, the lens driving unit 11, the iris driving
unit 13, the memory 15, the display unit 50, the posture sensor
60, and the user input unit 80, and transmits or receives a
control signal to or from the elements listed above to control
operations of the elements or processes data.

[0074] The control unit 40 includes the image converter 41,
the lens controller 42, a memory controller 43, a display
controller 44, an iris controller 45, a sensor receiver 46, the
photographing controller 47, an input receiver 48, and an
image compressor 49.

[0075] The control unit 40 may be embodied as a microchip
ora circuit board including a microchip. Elements included in
the control unit 40 may be embodied as software or circuits
embedded in the control unit 40. For example, the control unit
40 may be embodied as the main circuit board 130 of FIGS. 1
through 3.

[0076] The memory controller 43 controls data to be writ-
ten to the memory 15, and written data or set information to be
read from the memory 15.

[0077] The memory 15 may be a volatile internal memory
and may include, for example, a semiconductor memory
device such as a synchronous dynamic random access
memory (SDRAM). The memory 15 may function as a buffer
memory to temporarily store the image data generated by the
image converter 41 and function as a working memory to
process data.

[0078] Also, the memory 15 may be a non-volatile external
memory and may be, for example, a flash memory such as a
secure digital/multimedia card (SD/MMC) or a memory
stick, a storage device such as a hard disc drive (HDD), or an
optical storage device such as a digital versatile disc (DVD) or
a compact disc (CD). In this case, the image data compressed
in a file format such as joint photographic experts group
(JPEQG), tagged image file format (TIF), graphics interchange
format (GIF), or personal computer exchange (PCX) by the
image compressor 49 may be stored in the memory 15.
[0079] The imaging apparatus may include the display unit
50 that displays an image of the image data. The display unit
50 may be embodied as a touchscreen that senses alocation of
atouch on a surface by using a display device such as a liquid
crystal display (LCD) or an organic light-emitting display
(OLED) and generates a signal corresponding to the location
of the touch.

[0080] A signal of the posture sensor 60 that senses a pos-
ture of the main body due to a movement of the main body 101
of'the imaging apparatus (see FIGS. 1 through 3) is transmit-
ted to the control unit 40 through the sensor receiver 46.
[0081] The user input unit 80 generates a user input signal
according to a user’s manipulation, and the user input signal
of'the user input unit 80 is transmitted to the input receiver 48
of the control unit 40.
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[0082] FIG. 5is a perspective view for explaining a photo-
graphing operation of the imaging apparatus of FIG. 1.
[0083] When the imaging apparatus constructed as
described above is used, an imaging operation may be per-
formed based on a posture of the main body 101 of the
imaging apparatus by using a signal sensed by the posture
sensor 60.

[0084] Forexample,asubject1isatreein FIG. 5. When the
subject 1 is photographed in a state where a posture of a
photographing apparatus B1 is adjusted to be in a direction
H1 perpendicular to a gravity direction H2, it may be deter-
mined from a detection signal of the posture sensor 60 that the
posture of the imaging device B1 is in the direction H1 per-
pendicular to the gravity direction H2.

[0085] When the subject 1 is photographed in a state where
an imaging device B2 is rotated to match a gravity direction
H3, it may be determined from a detection signal of the
posture sensor 60 that the posture of the imaging device B2 is
in a direction H4 perpendicular to the gravity direction H3.
[0086] As such, since information about postures of the
imaging devices B1 and B2 relative to a gravity direction may
be obtained from a detection signal of the posture sensor 60,
the information about the postures of the imaging devices B1
and B2 relative to the gravity direction may be written along
with the image data.

[0087] Also,whenaleveller 108 is displayed on the display
unit 50 by using the information about the posture of the
imaging device B1 obtained from the posture sensor 60, the
user may conveniently photograph the subject 1.

[0088] FIG. 6 is a partial exploded perspective view illus-
trating an imaging apparatus, according to another embodi-
ment.

[0089] Referring to FIG. 6, the imaging apparatus includes
an imaging device 250, a support plate 210 that supports the
imaging device 250, a main body 201 that supports the sup-
port plate 210 to adjust a position of the support plate 210, and
aposture sensor 260 that is disposed on the support plate 210
and senses a change in a posture of the main body 201.
[0090] The support plate 210 that supports the imaging
device 250 is disposed such that a position of the support plate
210 relative to chassis 202 and 203 of the main body 201 may
be adjusted. That is, a position of the support plate 210 rela-
tive to the main body 201 may be adjusted when elements of
the imaging apparatus are assembled.

[0091] Position adjusting units 220 that adjust a position of
the support plate 210 relative to the main body 201 are pro-
vided between the support plate 210 and the main body 201.
The position adjusting units 220 are inserted into a plurality of
coupling holes 219 formed in the support plate 210.

[0092] Since screw surfaces corresponding to the position
adjusting units 220 are formed on inner walls of the coupling
holes 219 of the support plate 210, the position adjusting units
220 may be screwed into the coupling holes 219 of the sup-
port plate 210. As an operator rotates the position adjusting
units 220 during an assembling process, lengths of portions of
the position adjusting units 220 passing through the coupling
holes 219 and protruding from the support plate 210 may be
adjusted.

[0093] The support plate 210 is supported by the chassis
202 and 203 of the main body 201. End portions of the
position adjusting units 220 passing through the coupling
holes 219 of the support plate 210 are supported by support
grooves 202a and 2034 of the chassis 202 and 203.
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[0094] Three position adjusting units 220 are provided. As
the three position adjusting units 220 rotate, positions of
portions of the support 210 corresponding to the position
adjusting units 220 which are spaced apart from the chassis
202 and 203 may be changed. Accordingly, by combining
adjusted positions of the three position adjusting units 220,
the support plate 210 may be rotated in a panning direction (a
P-axis direction), the support plate 210 may be rotated in a
tilting direction (a T-axis direction), or a position in an X-axis
direction may be adjusted.

[0095] The number or positions of the position adjusting
units 220 are not limited thereto, and a various number of, for
example, 4, 5, or 6, position adjusting units 220 may be
provided.

[0096] The imaging device 250 and the posture sensor 260
are electrically coupled to a flexible circuit board 240.
Accordingly, the imaging device 250 and the posture sensor
260 may be coupled to the support plate 210 by using the
flexible circuit board 240. Since the flexible circuit board 240
on which the imaging device 250 and the posture sensor 260
are disposed is coupled to the support plate 210, positions of
the imaging device 250 and the posture sensor 260 relative to
the main body 204 may be precisely adjusted by adjusting a
position of the support plate 210.

[0097] Since the posture sensor 260 as well as the imaging
device 250 is disposed on the support plate 210, a position of
the posture sensor 260 relative to the main body 201 may be
adjusted by performing a process of adjusting a position of the
imaging device 250 relative to the main body 201. Since the
imaging device 250 is adjusted such that the amount of the
imaging device 250 tilted with respect to the main body 201
is about 10 um, the posture sensor 260 may be precisely
adjusted relative to the main body 201.

[0098] FIG.7is a cross-sectional view illustrating an imag-
ing apparatus, according to another embodiment.

[0099] Referring to FIG. 7, the imaging apparatus includes
an imaging device 390, a support plate 310 that supports the
imaging device 390, a main body 301 that supports the sup-
port plate 310 to adjust a position of the support plate 310, and
aposture sensor 360 that is disposed on the support plate 310
and senses a change in a posture of the main body 301.

[0100] The support plate 310 that supports the imaging
device 390 is disposed such that a position of the support plate
310 relative to chassis 302 and 303 of the main body 301 may
be adjusted. That is, when elements of the imaging apparatus
are assembled, a position of the support plate 310 relative to
the main body 301 may be adjusted.

[0101] Position adjusting units 320 that adjust a position of
the support plate 310 relative to the main body 301 are pro-
vided between the support plate 310 and the main body 301.
The position adjusting units 320 are inserted into a plurality of
coupling holes 319 formed in the support plate 310.

[0102] Since screw surfaces corresponding to the position
adjusting units 320 are formed on inner walls of the coupling
holes 319 ofthe support plate 310, the position adjusting units
320 may be screwed into the coupling holes 319 of the sup-
port plate 310. As an operator rotates the position adjusting
units 320 during an assembling process, lengths of portions of
the position adjusting units 320 passing through the coupling
holes 319 and protruding from the support plate 310 may be
adjusted.

[0103] The support plate 310 is supported by the chassis
302 and 303 of the main body 301. End portions of the
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position adjusting units 320 passing through the coupling
holes 319 of'the support plate 310 are supported by the chassis
302 and 303.

[0104] When a process of adjusting a position of the sup-
port plate 310 relative to the main body 301 is completed, the
support plate 310 may be fixed to the chassis 302 and 303 of
the main body 301 by using an adhesive 370. The adhesive
370 may be, for example, an ultraviolet curable resin or a
thermosetting resin.

[0105] A barrel 300 including lenses 312 is provided on a
front portion of the main body 301 corresponding to the
imaging device 390. A display unit 350 and a user input unit
380 are provided on a rear portion of the main body 301.
[0106] A main circuit board 330 is disposed beside the
support plate 310 in the main body 301. The main circuit
board 330 transmits or receives a signal to or from elements
such as the display unit 350, the user input unit 380, the
imaging device 390, and the posture sensor 360, and controls
other elements.

[0107] If the posture sensor 360 is disposed on the main
circuit board 330 like in a conventional method, a process of
adjusting a position of the posture sensor 360 relative to the
main body 301 needs to be additionally performed. However,
in the present embodiment, since the posture sensor 360 and
the imaging device 390 are disposed on the support plate 310,
a process of adjusting a position of the posture sensor 360
relative to the main body 301 may also be completed by
performing a process of adjusting a position of the imaging
device 390.

[0108] FIG. 8 is a flowchart illustrating a method of manu-
facturing an imaging apparatus, according to an embodiment.

[0109] Referring to FIG. 8, the method includes operation
S110 in which an imaging device is disposed on a support
plate, operation S120 in which a posture sensor is disposed on
the support plate, operation S130 in which the support plate is
disposed on a main body, operation S140 in which a position
of'the support plate relative to the main body is adjusted, and
operation S150 in which the support plate is fixed to the main
body.

[0110] Although operation S110 in which the imaging
device is disposed on the support plate and operation S120 in
which the posture sensor is disposed on the support plate are
performed sequentially, the present embodiment is not lim-
ited thereto, and operation S110 and operation S120 may be
simultaneously performed or operation S120 may be per-
formed first and operation S110 may be performed after-
wards.

[0111] After the imaging device and the posture sensor are
disposed on the support plate, operation S130 in which the
support plate is disposed on the main body is performed.
Since operation S130 in which the support plate is disposed
on the main body is an operation in which the support plate is
temporarily disposed on the main body, the support plate is
disposed such that a position of the support plate relative to
the main body may be adjusted.

[0112] In operation S140 in which the position of the sup-
port plate relative to the main body is adjusted, a position of
the support plate relative to the main body is adjusted to
precisely adjust a position of the imaging device relative to an
optical axis. The support plate may be precisely adjusted such
that the amount of the support plate tilted with respect to the
optical axis of the imaging device is about 10 um. In operation
S140 in which the position of the support plate is adjusted, a
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position of the posture sensor may be completely adjusted
simultaneously with the position of the imaging device is
adjusted.

[0113] Since a positioning precision of the imaging device
is higher than a positioning precision of the posture sensor, if
the posture sensor is coupled to the support plate within an
allowable error range, a process of adjusting a position of the
posture sensor may be automatically completed by perform-
ing a process of adjusting a position of the imaging device.
Since the posture sensor is coupled to a predetermined posi-
tion on the support plate, the posture sensor may be coupled
to the support plate within the allowable error range of the
posture sensotr.

[0114] After operation S140 in which the position of the
support plate is adjusted, operation S150 in which the support
plateis fixed to the main body is performed. In operation S150
in which the support plate is fixed to the main body, the
support plate is fixed to the main body by using an adhesive
such as a thermosetting resin or an ultraviolet resin or a fixing
member such as bolts and nuts, or rivets.

[0115] According to a conventional method of assembling
an imaging apparatus, a posture sensor is not disposed on a
substrate that supports an imaging device, but is disposed on
a main circuit board that is separately provided from the
imaging device. Accordingly, after a process of adjusting a
position of the imaging device relative to an optical axis is
performed, a process of adjusting a position of the posture
sensor relative to a main body of the imaging apparatus has to
be performed. Accordingly, itis difficult and time consuming
to assemble the elements of the imaging apparatus.

[0116] According to the method of manufacturing an imag-
ing apparatus of FIG. 8, since processes of adjusting positions
of'an imaging device and a posture sensor are simultaneously
completed by performing a simple process of adjusting a
position of a support plate on which the imaging device and
the posture sensor are disposed relative to a main body, the
imaging apparatus may be easily manufactured and a time
taken to assemble elements of the imaging apparatus may be
reduced.

[0117] As described above, according to an imaging appa-
ratus and a method of manufacturing the same of the one or
more embodiments of the invention, since processes of
adjusting positions of an imaging device and a posture sensor
may be simultaneously completed by performing a simple
process of adjusting a position of a support plate on which the
imaging device and the posture sensor are disposed relative to
the main body, the imaging apparatus may be easily manu-
factured and a time taken to assemble the imaging apparatus
may be reduced.

[0118] The device described herein may comprise a pro-
cessor, a memory for storing program data and executing it, a
permanent storage such as a disk drive, a communication port
for handling communications with external devices, and user
interface devices, etc. Any processes may be implemented as
software modules or algorithms, and may be stored as pro-
gram instructions or computer readable codes executable by a
processor on a computer-readable media such as read-only
memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy disks, and optical data
storage devices. The computer readable recording medium
can also be distributed over network coupled computer sys-
tems so that the computer readable code is stored and
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executed in a distributed fashion. This media can be read by
the computer, stored in the memory, and executed by the
processor.

[0119] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were indi-
vidually and specifically indicated to be incorporated by ref-
erence and were set forth in its entirety herein.

[0120] For the purposes of promoting an understanding of
the principles of the invention, reference has been made to the
exemplary embodiments illustrated in the drawings, and spe-
cific language has been used to describe these embodiments.
However, no limitation of the scope of the invention is
intended by this specific language, and the invention should
be construed to encompass all embodiments that would nor-
mally occur to one of ordinary skill in the art.

[0121] The invention may be described in terms of func-
tional block components and various processing steps. Such
functional blocks may be realized by any number ofhardware
and/or software components configured to perform the speci-
fied functions. For example, the invention may employ vari-
ous integrated circuit components, e.g., memory elements,
processing elements, logic elements, look-up tables, and the
like, which may carry out a variety of functions under the
control of one or more microprocessors or other control
devices. Similarly, where the elements of the invention are
implemented using software programming or software ele-
ments the invention may be implemented with any program-
ming or scripting language such as C, C++, Java, assembler,
or the like, with the various algorithms being implemented
with any combination of data structures, objects, processes,
routines or other programming elements. Functional aspects
may be implemented in algorithms that execute on one or
more processors. Furthermore, the invention could employ
any number of conventional techniques for electronics con-
figuration, signal processing and/or control, data processing
and the like. The words “mechanism” and “element” are used
broadly and are not limited to mechanical or physical
embodiments, but can include software routines in conjunc-
tion with processors, etc.

[0122] The particular implementations shown and
described herein are illustrative examples of the invention and
are not intended to otherwise limit the scope of the invention
in any way. For the sake of brevity, conventional electronics,
control systems, software development and other functional
aspects of the systems (and components of the individual
operating components of the systems) may not be described
in detail. Furthermore, the connecting lines, or connectors
shown in the various figures presented are intended to repre-
sent exemplary functional relationships and/or physical or
logical couplings between the various elements. It should be
noted that many alternative or additional functional relation-
ships, physical connections or logical connections may be
present in a practical device. Moreover, no item or component
is essential to the practice of the invention unless the element
is specifically described as “essential” or “critical”. The word
“comprise” or variations such as “comprises” or “compris-
ing” is understood to mean “includes, but is not limited to”
such that other elements that are not explicitly mentioned may
also be included.

[0123] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural. Further-
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more, recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individu-
ally to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incor-
porated into the specification as if it were individually recited
herein. Finally, the steps of all methods described herein can
be performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate
the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. Numerous modifica-
tions and adaptations will be readily apparent to those of
ordinary skill in this art without departing from the spirit and
scope of the invention.

What is claimed is:

1. An imaging apparatus comprising:

an imaging device:

a support plate that supports the imaging device;

a main body that supports the support plate to adjust a

position of the support plate; and

a posture sensor that is disposed on the support plate and

senses a change in a posture of the main body.

2. The imaging apparatus of claim 1, further comprising
position adjusting units that adjust the position of the support
plate relative to the main body.

3. The imaging apparatus of claim 2, wherein the position
adjusting units comprise a plurality of adjusting screws that
are respectively inserted into a plurality of coupling holes
formed in the support plate,

wherein lengths of portions of the plurality of adjusting

screws passing through the plurality of coupling holes
and protruding from the support plate are adjusted.

4. The imaging apparatus of claim 3, wherein end portions
of the plurality of adjusting screws protruding from the sup-
port plate are supported by the main body.

5. The imaging apparatus of claim 3, further comprising a
main circuit board that is mounted on the main body,

wherein end portions of the plurality of adjusting screws

protruding from the support plate are supported by the
main circuit board.

6. The imaging apparatus of claim 1, wherein the position
of the support plate relative to the main body is adjusted by
rotating the support plate relative to the main body plate in a
first direction, rotating the support plate relative to the main
body in a second direction that intersects the first direction, or
moving the support plate toward or away from the main body.

7. The imaging apparatus of claim 3, further comprising a
fixing member that fixes the support plate to the main body.

8. The imaging apparatus of claim 3, wherein the support
plate is fixed to the main body by using an adhesive.

9. The imaging apparatus of claim 1, wherein the support
plate comprises an electrical circuit pattern that is electrically
connected to the imaging device and the posture sensor.
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10. The imaging apparatus of claim 9, further comprising a
main circuit board that is mounted on the main body and is
electrically connected to the support plate.

11. The imaging apparatus of claim 10, wherein the main
circuit board is disposed to face a surface of the support plate
opposite to a surface of the support plate on which the imag-
ing device is disposed.

12. The imaging apparatus of claim 10, wherein the main
circuit board is disposed to be spaced apart from a side surface
of the support plate.

13. The imaging apparatus of claim 1, further comprising a
flexible circuit board that is electrically connected to the
imaging device and the posture sensor,

wherein the imaging device and the posture sensor are

coupled to the support plate by using the flexible circuit
board.

14. The imaging apparatus of claim 1, wherein the posture
sensor is one selected from the group consisting of an accel-
eration sensor for sensing a change in acceleration due to a
movement of the main body, an angular velocity sensor for
sensing a change in an angular velocity, and a combination of
an acceleration sensor and an angular velocity sensor.

15. A method of manufacturing an imaging apparatus, the
method comprising:

disposing an imaging device on a support plate;

disposing a posture sensor on the support plate;

disposing the support plate on a main body; and

adjusting a position of the support plate relative to the main

body.

16. The method of claim 15, further comprising, after the
adjusting of the position of the support plate relative to the
main body, fixing the support plate to the main body.

17. The method of claim 16, wherein the fixing of the
support plate comprises fixing the support plate to the main
body by using an adhesive.

18. The method of claim 16, wherein the fixing of the
support plate comprises fixing the support plate to the main
body by using a fixing member.

19. The method of claim 16, further comprising, after the
fixing of the support plate to the main body, obtaining a signal
about a reference surface from the posture sensor and com-
pensating for a positional difference between the posture
sensor and the imaging device.

20. The method of claim 15, wherein the adjusting of the
position of the support plate relative to the main body com-
prises adjusting the position of the support plate by rotating
the support plate relative to the main body in a first direction,
rotating the support plate relative to the main body in a second
direction that intersects the first direction, or moving the
support plate toward or away from the main body.
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