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PHOTOGRAPHING APPARATUS AND
PHOTOGRAPHING CONTROL SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a photographing
apparatus and a photographing control system which corrects
image shake by varying the image formation position of an
object image and obtains an optical low-pass filter effect by
driving an image sensor in directions different from the direc-
tion of an optical axis of a photographing optical system (e.g.,
in a plane orthogonal to the optical axis) via a single (shared)
electromagnetic drive system.

BACKGROUND ART

[0002] In this type of photographing apparatus and photo-
graphing control system, a single (shared) electromagnetic
drive system is known in the art in which a movable stage to
which an image sensor is mounted is supported onto a fixed
stage in a slidable manner, in which a magnet and a coil are
supported to one and the other of the fixed stage and the
movable stage, respectively, and in which the movable stage
(the image sensor) is driven relative to the fixed stage in
directions different from the direction of an optical axis of a
photographing optical system (e.g., in a plane orthogonal to
the optical axis) by passing an alternating drive signal through
the coil.

[0003] It is ideal for the alternating drive signal that is
passed through the coil to be in synchronization with the
horizontal synchronizing signal (horizontal synchronizing
signal of an image sensor) which is for an image sensor to
read out one line of pixel signal in the horizontal direction.
However, since a very small high frequency component for
obtaining an optical low-pass filter effect enters the alternat-
ing drive signal that is passed through the coil, it is extremely
difficult to make the alternating drive signal that is passed
through the coil synchronized with the horizontal synchro-
nizing signal of an image sensor. Therefore, during the period
of'signal readout of the image sensor, so-called magnetic fog
phenomenon occurs, in which near-field magnetic field varies
in accordance with variations of the alternating drive signal
that is passed through the coil, an induced current flows
through the loop between a power supply and a GND
(ground) in the image sensor in accordance with variations of
the aforementioned magnetic field, and the power supply
level of the image sensor varies in accordance with variations
of' the alternating drive signal that is passed through the coil.
If magnetic fog phenomenon occurs, patterned noise occurs
in the image data that is read out of the image sensor, thus
deteriorating image quality.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Patent
Publication No. 2008-35241

SUMMARY OF THE INVENTION

Technical Problem

[0005] The present invention has been completed based on
the above described problems, and an object of the present
invention is to prevent magnetic fog phenomenon from occur-
ring during the period of signal readout of an image sensor to
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thereby obtain high-quality image data in a photographing
apparatus, which corrects image shake by varying the image
formation position of an object image and obtains an optical
low-pass filter effect by driving the image sensor in directions
different from the direction of an optical axis of a photograph-
ing optical system via a single (shared) electromagnetic drive
system.

Solution to Problem

[0006] The inventor of the present invention has focused
attention on the fact that it is easy to synchronize the drive
signal for image-shake correction with the horizontal syn-
chronizing signal of an image sensor, the fact that it is
extremely difficult to synchronize the drive signal for the
optical low-pass filter effect with the horizontal synchroniz-
ing signal of an image sensor, and the fact that magnetic fog
phenomenon exerts an adverse effect on the image data qual-
ity, particularly during the period of signal readout of an
image sensor, and presents no particular problem during a
period of exposure time of the image sensor.

[0007] Accordingly, the inventor of the present invention
has arrived at the present invention as a result of reaching the
conclusion that it is possible to obtain high-quality image data
by preventing image fog phenomenon from occurring during
the period of signal readout of the image sensor if control for
image-shake correction is kept ON throughout the period of
exposure time of the image sensor and the period of signal
readout of the image sensor, and if control for the optical
low-pass filter effect is turned ON only during the period of
exposure of the image sensor and OFF during the period of
signal readout of the image sensor after separately and inde-
pendently providing a drive signal generator which generates
a drive signal (which is easy to be synchronized with the
horizontal synchronizing signal of the image sensor) for
image shake correction and a drive signal generator which
generates a drive signal (which is extremely difficult to be
synchronized with the horizontal synchronizing signal of the
image sensor).

[0008] Specifically, a photographing apparatus according
to the present invention is characterized by including an
image sensor which includes a plurality of pixels which are
mutually different in detection color, converts an object
image which is formed through a photographing optical sys-
tem during a period of exposure into a pixel signal, and reads
out the pixel signal during a period of signal readout; an
electromagnetic drive system which drives the image sensor
in a direction which is different from a direction of an optical
axis of the photographing optical system; a first drive signal
generator (drive signal generator for image shake correction)
which generates a first drive signal (drive signal for image
shake correction) that serves as a predetermined timing cue
based on a horizontal synchronizing signal with which the
image sensor reads out one line of pixel signal in a horizontal
direction; a second drive signal generator (drive signal gen-
erator for optical low-pass filter effect) which generates a
second drive signal (drive signal for optical low-pass filter
effect) which has a different period from that of the first drive
signal; and an image sensor drive controller which drives the
image sensor in the direction which is different from the
direction of the optical axis of the photographing optical
system via the electromagnetic drive system in accordance
with the first drive signal, which is generated by the first drive
signal generator, and the second drive signal, which is gener-
ated by the second drive signal generator, during the period of
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exposure of the image sensor. The image sensor drive con-
troller drives the image sensor in the direction which is dif-
ferent from the direction ofthe optical axis of the photograph-
ing optical system via the electromagnetic drive system in
accordance with the first drive signal, which is generated by
the first drive signal generator, during the period of signal
readout of the image sensor.

[0009] The first drive signal generator can generate a drive
signal to serve as the first drive signal which is in synchroni-
zation with the horizontal synchronizing signal, which is used
by the image sensor to read out the one line of pixel signal in
the horizontal direction, and the second drive signal generator
can generate a drive signal to serve as the second drive signal
which is not in synchronization with the horizontal synchro-
nizing signal, which is used by the image sensor to readout the
one line of pixel signal in the horizontal direction.

[0010] The image sensor drive controller can drive the
image sensor in the direction which is different from the
direction of the optical axis of the photographing optical
system via the electromagnetic drive system during the period
of exposure of the image sensor in accordance with an asyn-
chronous drive signal which is generated by superposing and
synthesizing the first drive signal with the second drive signal
generated by the first drive signal generator and the second
drive signal generator, respectively, and can drive the image
sensor in the direction which is different from the direction of
the optical axis of the photographing optical system via the
electromagnetic drive system during the period of signal
readout of the image sensor in accordance with a synchronous
drive signal which is composed of the first drive signal that is
generated by the first drive signal generator.

[0011] The image sensor drive controller can corrects
image shake by varying an image formation position of the
object image by driving the image sensor in the direction
which is different from the direction of the optical axis of the
photographing optical system via the electromagnetic drive
system in accordance with the asynchronous drive signal or
the synchronous drive signal through the period of exposure
and the period of signal readout of the image sensor, and can
obtains an optical low-pass filter effect by making object-
emanating light rays incident on the plurality of pixels of the
image sensor that are mutually different in detection color by
driving the image sensor in the direction which is different
from the direction of the optical axis of the photographing
optical system via the electromagnetic drive system in accor-
dance with the asynchronous drive signal only during the
period of exposure of the image sensor.

[0012] The electromagnetic drive system can include a
fixed support board; a movable stage which is slidable relative
to the fixed support board and to which the image sensor is
fixed; a magnet and a yoke which are fixed to one of the fixed
support board and the movable stage; and a drive coil which
is fixed to the other of the fixed support board and the movable
stage. The movable stage, to which the image sensor is fixed,
can be driven relative to the fixed support board in the direc-
tion which is different from the direction of the optical axis of
the photographing optical system by applying the asynchro-
nous drive signal or the synchronous drive signal to the drive
coil.

[0013] A photographing control system according to the
present invention is characterized by including an image sen-
sor which includes a plurality of pixels which are mutually
different in detection color, converts an object image which is
formed through a photographing optical system during a
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period of exposure into a pixel signal, and reads out the pixel
signal during a period of signal readout; an electromagnetic
drive system which drives the image sensor in a direction
which is different from a direction of an optical axis of the
photographing optical system; a first drive signal generator
which generates a first drive signal that serves as a predeter-
mined timing cue based on a horizontal synchronizing signal
with which the image sensor reads out one line of pixel signal
in a horizontal direction; a second drive signal generator
which generates a second drive signal which has a different
period from that of the first drive signal; and an image sensor
drive controller which drives the image sensor in the direction
which is different from the direction of the optical axis of the
photographing optical system via the electromagnetic drive
system in accordance with the first drive signal, which is
generated by the first drive signal generator, and the second
drive signal, which is generated by the second drive signal
generator, during the period of exposure of the image sensor.
The image sensor drive controller drives the image sensor in
the direction different from the direction of the optical axis of
the photographing optical system via the electromagnetic
drive system in accordance with the first drive signal, which is
generated by the first drive signal generator, during the period
of signal readout of the image sensor.

[0014] The image sensor is configured of a plurality of
components which include a package, amounted image-sen-
sor chip that is housed in this package and a lid member that
is fixed to the package so as to seal and protect the solid-state
image sensor chip. In the present specification, the expression
“driving the image sensor in directions different from the
direction of an optical axis of a photographing optical sys-
tem” refers to driving at least a part of a plurality of elements
of the image sensor through which object-emanating light
rays pass in directions different from the direction of an
optical axis of a photographing optical system.

Advantageous Effects of the Invention

[0015] According to the present invention, in a photograph-
ing apparatus which corrects image shake by varying the
image formation position of an object image and obtains an
optical low-pass filter effect by driving an image sensor in
directions different from the direction of an optical axis of a
photographing optical system via a single (shared) electro-
magnetic drive system, it is possible to prevent image fog
phenomenon from occurring during the period of signal read-
out ofthe image sensor to thereby obtain a high-quality image
data.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a block diagram showing main compo-
nents of a digital camera (photographing apparatus) accord-
ing to the present invention;

[0017] FIG. 2 is a block diagram showing main compo-
nents of an image shake correcting apparatus (electromag-
netic drive system) of the digital camera (photographing
apparatus) according to the present invention;

[0018] FIG. 3 is a side elevational view of the image shake
correcting apparatus (electromagnetic drive system) of the
digital camera (photographing apparatus), illustrating the
structure thereof;

[0019] FIGS. 4(A) and 4(B) show diagrams illustrating
operations for providing an optical low-pass filter effect by
driving an image sensor so that it traces a predetermined path,
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wherein FIG. 4(A) illustrates the case where the image sensor
is driven to trace a rotationally symmetrical circular path
about an optical axis of a photographing optical system, and
FIG. 4(B) illustrates the case where the image sensor is driven
to trace a rotationally symmetrical square path about the axis
of the photographing optical system;

[0020] FIG. 5 is a diagram illustrating magnetic fog phe-
nomenon which occurs during the period of signal readout of
the image sensor; and

[0021] FIG. 6 is a diagram illustrating image shake correc-
tion control and LPF control during a period of exposure and
the period of signal readout of the image sensor.

EMBODIMENT

[0022] Anembodiment of a digital camera (photographing
apparatus/photographing control system) 10 according to the
present invention will be hereinafter discussed with reference
to FIGS. 1 through 6.

[0023] As shown in FIG. 1, the digital camera 10 is pro-
vided with a photographic lens 11 which is detachably
attached to the camera body 20 of the digital camera 10. The
photographic lens 11 is provided with a photographing lens
group L, serving as a photographing optical system, and a
diaphragm 13, in that order from the object side (the left side
with respect to the drawings), and the camera body 20 is
provided with a shutter 15 and an image sensor (image pickup
device) 17. An object image formed by object-emanating
light rays, which enter from the photographing lens group L.
and pass through the diaphragm 13 and the fully-opened
shutter 15, is formed and exposed on the light receiving
surface of the image sensor 17. The object image thus formed
on the image sensor 17 is converted into an electrical pixel
signal using a large number of pixels arranged in a matrix, and
this signal is output as image data (an image signal) to a DSP
(image sensor drive controller) 21. More specifically, the
image sensor 17 contains a plurality of pixels which are
mutually different in detection color and in which an expo-
sure and a signal readout are sequentially performed, converts
an object image which is formed through a photographing
optical system into an electrical pixel signal during a period of
exposure, and reads out the pixel signal to output this pixel
signal to the DSP 21 during the period of signal readout. In
addition, the DSP 21 performs predetermined image process-
ing on the image data to display this processed image on a
display member (LCD monitor) 23, and writes this image
data onto a memory card 25. The DSP 21 is connected to
operating members 27, a low-pass filter operator panel 29, a
diaphragm/shutter drive circuit 31 and a memory 35. The
operating members 27 include a power switch and a release
switch, etc.; the low-pass filter operator panel 29 includes a
switch to turn ON and OFF a low-pass filter operation which
will be discussed later, an adjusting switch to adjust the low-
pass filter effect, and a direction selection switch to select the
oscillating direction of the image sensor during the low-pass
filter operation; a diaphragm/shutter drive circuit 31 is for
driving and controlling the operations of the diaphragm 13
and the shutter 15, and data on the low-pass filter, etc., has
been written into the memory 35. The photographic lens 11
incorporates a memory 19 which has stored therein informa-
tion on the aperture diameter (aperture value) of the dia-
phragm 13 and information on the resolving power (MTF) of
the photographing lens group L, and the DSP 21 reads these
pieces of information. The photographing lens group L
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includes a plurality of lens groups with the diaphragm 13
generally positioned therebetween in the optical axis direc-
tion.

[0024] Although not shown in the drawings, the image
sensor 17 consists of a plurality of components which include
apackage, a mounted image-sensor chip that is housed in this
package and a lid member that is fixed to the package so as to
seal and protect the solid-state image sensor chip. In the
present specification, the expression “driving the image sen-
sor 17 in a plane orthogonal to an optical axis of the photo-
graphing optical system” refers to driving at least some of a
plurality of elements of the image sensor 17 through which
object-emanating light rays pass in a plane orthogonal to an
optical axis of the photographing optical system.

[0025] As shown in FIGS. 1 and 3, the image sensor 17 is
mounted onto an image shake correcting apparatus (electro-
magnetic drive system) 40 in a manner to be movable in an
X-axis direction and a Y-axis direction (two orthogonal direc-
tions) which are orthogonal to an optical axis Z of the photo-
graphic lens 11. The image shake correcting apparatus 40 is
provided with a fixed support board 41, a movable stage 42,
magnets M1, M2 and M3, yokes 431, 432 and 433, and drive
coils C1, C2 and C3. The fixed support board 41 is fixed to a
structural member such as a chassis of the camera body 20,
the movable stage 42 is slidable relative to the fixed support
board 41, and the magnets M1, M2 and M3 are fixed to
surfaces of the fixed support board 41 which face the movable
stage 42. The yokes 431, 432 and 433 are made of a magnetic
material and are fixed to the fixed support board 41 to face the
magnets M1, M2 and M3 with the movable stage 42 posi-
tioned between the fixed support board 41 and the yokes 431,
432 and 433 to form a magnetic circuit between each yoke
431, 432 and 433 and the associated magnet M1, M2 or M3,
and the drive coils C1, C2 and C3 are fixed to the movable
stage 42 and each generate a driving force by receiving an
electric current within the magnetic field of the aforemen-
tioned magnetic circuit. Applying an AC drive signal (AC
voltage) to the drive coils C1, C2 and C3 causes the movable
stage 42 (the image sensor 17) to move relative to the fixed
support board 41 in a plane orthogonal to the optical axis. The
AC drive signal (AC voltage) applied to the drive coils C1, C2
and C3 will be discussed in detail later.

[0026] Inthis embodiment, a magnetic driver configured of
the magnet M1, the yoke 431 and the drive coil C1, and a
magnetic driver configured of the magnet M2, the yoke 432
and the drive coil C2 (i.e., two magnetic drivers) are arranged
along the lengthwise direction of the image sensor 17 (hori-
zontal direction/the X-axis direction) with a predetermined
distance therebetween; and a magnetic driver (one magnetic
driver) configured of the magnet M3, the yoke 433 and the
drive coil C3 is arranged along the short side direction of the
image sensor 17 that is orthogonal to the lengthwise direction
of'the image sensor 17 (perpendicular (orthogonal) direction/
the Y-axis direction).

[0027] Hall sensors H1, H2 and H3 which detect the mag-
netic forces of the magnets M1, M2 and M3 to detect the
position of the movable stage 42 are arranged on the fixed
support board 41 in the vicinity of (in the central hollow
spaces of) the drive coils C1 through C3, respectively. The
position in the Y-axis direction and the inclination (rotation)
of the movable stage 42 are detected by the Hall sensors H1
and H2, and the position of the movable stage 42 in the X-axis
direction is detected by the Hall sensor H3. The DSP 21
passes an AC drive signal (AC voltage), which will be dis-
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cussed later, through each drive coil C1 through C3 while
detecting the position of the movable stage 42 from the out-
puts of the Hall sensors H1, H2 and H3 to move the movable
stage 42 (the image sensor 17) along a predetermined path
and track at a predetermined speed (period). During image
shake correcting operation, the DSP 21 performs a shake
reduction drive control by detecting an image shake of the
digital camera 10 using acceleration sensors not shown in the
drawings and by varying the image formation position of an
object image by driving the movable stage 42 (the image
sensor 17) in a plane orthogonal to the optical axis so that the
object image does not move relative to the image sensor 17. In
the present embodiment, this operation is referred to as “the
image shake correcting operation (image shake correction
drive) of the image sensor 17 by the DSP 21 via the image
shake correcting apparatus 40.”

[0028] The image shake correcting apparatus 40 repro-
duces the effects of an optical low-pass (may also be referred
to as an LPF effect in the following descriptions) by making
object-emanating light rays incident on a plurality of pixels of
the image sensor 17 which are mutually different in detection
color by driving the image sensor 17 in a manner such that the
image sensor 17 traces a predetermined path in a plane
orthogonal to the optical axis Z of a photographing optical
system. In the present embodiment, this operation is referred
to as the “LPF operation (LPF drive) of the image sensor 17
by the DSP 21 via the image shake correcting apparatus 40.”

[0029] The image shake correcting apparatus 40 performs
“a center-position holding operation (center-position holding
drive) for the image sensor 17 for holding the image sensor
17 at the center position in the operating range of the image
shake correcting operation of the image sensor 17. For
instance, when both “the image shake correcting operation
(image shake correction drive) of the image sensor 17 and
“the LPF operation (LPF drive) of the image sensor 17” are
OFF, a photographing operation is performed with only “the
center-position holding operation (center-position holding
drive) for the image sensor 17" turned ON (the center holding
operation is performed even when the image shake correction
operation is not performed).

[0030] “The image shake correcting operation (image
shake correction drive) of the image sensor 177, “LPF opera-
tion (LPF drive) of the image sensor 17” and “the center-
position holding operation (center-position holding drive) for
the image sensor 17” can be achieved as a combination of
these operations (a combination of these driving operations)
using the image shake correcting apparatus 40, or only one of
these operations can be achieved using the image shake cor-
recting apparatus 40.

[0031] Withreference to FIGS. 4(A) and 4(B), the low-pass
filter operation of the image shake correcting apparatus (elec-
tromagnetic drive system) 40 that provides an LPF effect
using the image sensor 17 by driving the image sensor 17 so
that it traces a predetermined path will be discussed herein-
after. In FIGS. 4(A) and 4(B), the image sensor 17 is provided
with a large number of pixels 174 which are arranged in a
matrix at a predetermined pixel pitch P on the light receiving
surface, and one of color filters R, G and B arranged in Bayer
pattern is positioned on the front surface of each pixel 17a.
Each pixel 17a detects a color of object-emanating light rays
which are incident on the pixel 174 after passing through the
color filter R, G or B on the front surface thereof; specifically,
each pixel 17a converts light of the color component (color
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band) into an electrical signal and accumulates electric charge
according to the intensity (brightness) of the light.

[0032] FIG. 4(A) shows the case where the image sensor 17
is driven to trace a rotationally symmetrical circular path
having the center thereof on the optical axis Z of the photo-
graphic optical system. This circular path is a circular closed
path having a radius r of 2'/%/2 times the pixel pitch P of the
image sensor 17. FIG. 4(B) shows the case where the image
sensor 17 is driven to trace a rotationally symmetrical square
path having the center thereof on the optical axis Z of the
photographic optical system. This square path is a square
closed path each side of which has a length equal to the pixel
pitch P of the image sensor 17. In FIG. 4(B), the image sensor
17 is driven alternately in the Y-axis direction of the pixels
17a, which is parallel to one of mutually orthogonal align-
ment directions (perpendicular direction) of the pixels 17a,
and in the X-axis direction of the pixels 174, which is parallel
to the other direction (horizontal direction), per unit of the
pixel pitch P so that the image sensor 17 moves in the square
closed path.

[0033] If the image sensor 17 is driven to trace the prede-
termined circular or square path during an exposure as shown
in FIGS. 4(A) and 4(B), the object-emanating light rays (ray
bundle) incident on the center of each color filter R, G and B
(each pixel 17a) are equally incident on four color filters R, G,
B and G, so that the effect equivalent to that obtained using an
optical low-pass filter is obtained. Namely, the light rays
incident on any of the color filters R, G, B and G (the pixels
17a) are reliably incident on the peripheral color filters R, G,
B and G (the peripheral pixels 17a), so that the effect (an LPF
effect) equivalent to that obtained in the case where the light
rays are passed through an optical low-pass filter is obtained.
[0034] Additionally, by stepwisely changing the drive
range of the image sensor 17 (by varying the radius r in the
case where the path is circular in shape or by varying the
length of one side of the path in the case where the path is
square in shape), the intensity of the LPF effect can be
adjusted stepwise. Accordingly, the LPF effect is enhanced as
the radius r of the circular path or the length of one side of the
square path is increased (as the range of the pixels 17a (the
color filters R, G, B and G) of the image sensor 17, on which
object-emanating light rays are incident, which are mutually
different in detection color is enlarged). On the other hand,
the LPF effect is weakened as the radius r or the length of the
one side is decreased (as the range of the pixels 17a (the color
filters R, G, B and G) of the image sensor 17, on which
object-emanating light rays are incident, which are mutually
different in detection color is reduced).

[0035] As shown in FIGS. 1 and 2, the digital camera 10 is
provided with a first drive signal generator (drive signal gen-
erator for image shake correction) 32 and a second drive
signal generator (drive signal generator for LPF effect) 33
which are for generating an AC drive signal (AC voltage)
which is applied to the drive coils C1, C2 and C3 of the image
shake correcting apparatus (electromagnetic drive system)
40.

[0036] The first drive signal generator 32 generates a first
drive signal (drive signal for image-shake correction) which
serves as a predetermined timing cue based on the horizontal
synchronizing signal (HD) with which the image sensor 17
reads out one line of pixel signal in the horizontal direction.
More specifically, the first drive signal generator 32 generates
a first drive signal (drive signal for image-shake correction)
which is in synchronization with the horizontal synchroniz-
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ing signal (HD) with which the image sensor 17 reads out one
line of pixel signal in the horizontal direction. Since the
period of the first drive signal is close to the period (e.g.,
several tens of microseconds) of the horizontal synchronizing
signal (HD) of the image sensor 17, it is easy to synchronize
the first drive signal with the horizontal synchronizing signal
(HD) of the image sensor 17.

[0037] The second drive signal generator 33 generates a
second drive signal (drive signal for LPF effect) different in
period from that of the first drive signal (drive signal for
image shake correction) generated by the first drive signal
generator 32. More specifically, the second drive signal gen-
erator 33 generates a second drive signal (drive signal for LPF
effect) which is not in synchronization with the horizontal
synchronizing signal (HD) with which the image sensor 17
reads out one line of pixel signal in the horizontal direction.
Since the period of the second drive signal is much smaller
than the period (e.g., several tens of microseconds) of the
horizontal synchronizing signal (HD) of the image sensor 17
(since the period of the second drive signal is composed of a
very small high frequency component), it is extremely diffi-
cult to synchronize the second drive signal with the horizontal
synchronizing signal (HD) of the image sensor 17.

[0038] During a period of exposure of the image sensor 17,
the DSP (image sensor drive controller) 21 performs both an
image shake correcting operation and the LPF operation by
driving the image sensor 17 in a plane orthogonal to the
optical axis via the image shake correcting apparatus (elec-
tromagnetic drive system) 40 in accordance with the first
drive signal generated by the first drive signal generator 32
and the second drive signal that the second drive signal gen-
erator 33. More specifically, during a period of exposure of
the image sensor 17, the DSP (image sensor drive controller)
21 performs both an image shake correcting operation and the
LPF operation by driving the image sensor 17 in a plane
orthogonal to the optical axis via the image shake correcting
apparatus (electromagnetic drive system) 40 in accordance
with an asynchronous drive signal which is generated by
superposing and synthesizing the first drive signal and the
second drive signal that the first drive signal generator 32 and
the second drive signal generator 33 generate, respectively.
[0039] During the period of signal readout from the image
sensor 17, the DSP (image sensor drive controller) 21 per-
forms only an image shake correcting operation by driving
the image sensor 17 in a plane orthogonal to the optical axis
via an image shake correcting apparatus (electromagnetic
drive system) 40 in accordance with the first drive signal
generated by the first drive signal generator 32, and does not
perform the LPF operation. More specifically, during the
period of signal readout of the image sensor 17, the DSP
(image sensor drive controller) 21 performs only an image
shake correcting operation by driving the image sensor 17 in
a plane orthogonal to the optical axis via the image shake
correcting apparatus (electromagnetic drive system) 40 in
accordance with a synchronous drive signal composed of the
first drive signal generated by the first drive signal generator
32, and does not perform the LPF operation.

[0040] Namely, the DSP (image sensor drive controller) 21
performs an image shake correcting operation through a
period of exposure and the period of signal readout of the
image sensor in accordance with an asynchronous drive sig-
nal or a synchronous drive signal, and performs the LPF
operation only during a period of exposure of the image
sensor 17 in accordance with an asynchronous drive signal.
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[0041] By performing both the image shake correcting
operation and the LPF operation during a period of exposure
of the image sensor 17 in accordance with an asynchronous
drive signal which is generated by superposing and synthe-
sizing the first drive signal with the second drive signal gen-
erated by the first drive signal generator 32 and the second
drive signal generator 33 generate, respectively, it is possible
to prevent spurious resolution such as moire and false color
from occurring while correcting image displacement caused
by hand shake to obtain high-quality image data. In addition,
during a period of exposure of the image sensor 17, deterio-
ration in image quality caused by magnetic fog does not occur
even if the image sensor 17 is driven in a plane orthogonal to
the optical axis in accordance with an asynchronous drive
signal.

[0042] It is possible to prevent magnetic fog phenomenon
from occurring to obtain high-quality image data during the
period of signal readout from the image sensor 17 by per-
forming only the image shake correcting operation in accor-
dance with a synchronous drive signal composed of the first
drive signal generated by the first drive signal generator 32,
and by not performing the LPF operation.

[0043] Themagnetic fogphenomenon which occurs during
the period of signal readout of the image sensor 17 will be
hereinafter discussed with reference to FIG. 5. In the upper
part (CIS) in FIG. 5, the output of a horizontal synchronizing
signal (HD), the output of a pixel signal, and A/D conversion
periods (Res, Sig) (column A/D) are included in each section
in which the image sensor 17 reads out one line of pixel signal
in the horizontal direction. In the lower part (coil drive signal)
in FIG. 5, “Duty 40 percent (asynchronization)” denotes the
asynchronous drive signal consisting of the second drive sig-
nal the drive duty ratio of which is 40 percent, and “duty 40
percent (synchronization)” denotes the synchronous drive
signal consisting of the first drive signal the drive duty ratio of
which is 40 percent. When the synchronous signal (duty 40
percent (synchronization)) is applied to the drive coils C1, C2
and C3, either the rise or the fall of the synchronous signal
does not overlap the A/D conversion periods (Res, Sig), so
that magnetic fog phenomenon does not occur. Whereas,
when the asynchronous signal (duty 40 percent (asynchroni-
zation)) is applied to the drive coils C1, C2 and C3, the rise
and the fall of the asynchronous signal overlap the A/D con-
version periods (Res, Sig), which causes magnetic fog phe-
nomenon to Occur.

[0044] The image shake correction control and the LPF
control during a period of exposure and the period of signal
readout of the image sensor 17 will be hereinafter discussed
with reference to FIG. 6. To obtain a single frame of photo-
graphed image through the image sensor 17, an exposure and
a signal readout are sequentially performed. The output of a
vertical synchronizing signal (CIS-VD) is contained in each
period of exposure and each signal readout period, and the
output of a CIS-global reset signal is contained in each period
of exposure. An exposure is performed by opening and shut-
ting the shutter 15 in each period of exposure, and a signal
readout is performed by the image sensor 17 in each period of
signal readout. Additionally, an image shake correcting
operation is performed in accordance with an asynchronous
drive signal or a synchronous drive signal through a period of
exposure and the period of signal readout of the image sensor
17, and the LPF operation is performed in accordance with an
asynchronous drive signal only during a period of exposure of
the image sensor 17. Additionally, during a continuous pho-
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tographic shooting, an exposure and a signal readout that are
performed by the image sensor 17 are also sequentially per-
formed.

[0045] As described above, according to the present
embodiment of the digital camera (imaging apparatus) 10,
during an exposure of the image sensor 17, the DSP (image
sensor drive controller) 21 drives the image sensor 17 in a
plane orthogonal to the optical axis via the image shake
correcting apparatus (electromagnetic drive system) 40 in
accordance with an asynchronous drive signal which is gen-
erated by superposing and synthesizing the first drive signal
with the second drive signal generated by the first drive signal
generator 32 and the second drive signal generator 33, respec-
tively, and during the period of signal readout of the image
sensor 17, the DSP (image sensor drive controller) 21 drives
the image sensor 17 in a plane orthogonal to the optical axis
via the image shake correcting apparatus (electromagnetic
drive system) 40 in accordance with a synchronous drive
signal which is generated by the first drive signal generator 32
composed of the first drive signal generated by the first drive
signal generator 32, and accordingly, it is possible to prevent
magnetic fog phenomenon from occurring during the period
of signal readout of the image sensor 17 to thereby obtain
high-quality image data.

[0046] In the above described embodiment, the first drive
signal generator 32 and the second drive signal generator 33
are provided as separate and independent elements; however,
as long as the first drive signal and the second drive signal can
be separately and independently output, there is a degree of
freedom as to whether the separate and independent output of
the first drive signal and the second drive signal is to be
achieved with hardware or software.

[0047] Although the case where the magnets M1, M2 and
M3 and the yokes 431, 432 and 433 are fixed to the fixed
support board 41 and the drive coils C1, C2 and C3 are fixed
to the movable stage 42 has been illustrated as a configuration
of the image shake correcting apparatus (electromagnetic
drive system) 40 in the above described embodiment, this
positional relationship can be reversed, i.e., an embodiment in
which the magnets and the yokes are fixed to the movable
stage and the drive coils are fixed to the fixed support board is
also possible.

[0048] Although the case where the predetermined path
that the image sensor 17 traces is a rotationally symmetrical
circular or square path having the center thereof on the optical
axis Z of the photographic optical system has been illustrated
in the above described embodiment, the present invention is
not limited thereto; for instance, the predetermined path that
the image sensor 17 traces can be defined as a linearly-recip-
rocal moving path which lies in a plane orthogonal to the
optical axis Z of the photographic optical system.

[0049] Although the case where the image sensor 17 is
driven in a plane orthogonal to the optical axis via the image
shake correcting apparatus (electromagnetic drive system) 40
to perform the image shake correcting operation and the LPF
operation has been illustrated in the above described embodi-
ment, the direction in which the image sensor 17 is driven is
not limited thereto and can be any direction different from the
direction of the optical axis of the photographing optical
system.

INDUSTRIAL APPLICABILITY

[0050] It is desirable that the photographing apparatus and
the photographing control system according to the present
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invention be used as a photographing apparatus and a photo-
graphing control system of a digital camera, etc.

REFERENCE SIGNS LIST

10 Digital camera (Photographing apparatus/Photographing
control system)

11 Photographic lens

L Photographing lens group (Photographing optical system)

13 Diaphragm (Photographing optical system)

15 Shutter

17 Image sensor (Image pickup device)

17a Pixel

19 Memory

20 Camera body

21 DSP (Image sensor drive controller)

23 Display member (LCD monitor)

25 Memory card

27 Operating member

29 Low-pass filter operator panel

31 Diaphragm/shutter drive circuit

32 First drive signal generator (Drive signal generator for
image shake correction)

33 Second drive signal generator (Drive signal generator for
optical low-pass filter effect)

35 Memory

40 Image shake correcting apparatus (Electromagnetic drive
system)

41 Fixed support board

42 Movable stage

431432433 Yoke

c1c2ce3 Drive coil

H1 H2 H3 Hall sensor

M1 M2 M3 Magnet

RGB Color filter

1. A photographing apparatus comprising:

an image sensor which includes a plurality of pixels which
are mutually different in detection color, converts an
object image which is formed through a photographing
optical system during a period of exposure into a pixel
signal, and reads out said pixel signal during a period of
signal readout;

an electromagnetic drive system which drives said image
sensor in a direction which is different from a direction
of an optical axis of said photographing optical system;

a first drive signal generator which generates a first drive
signal that serves as a predetermined timing cue based
on a horizontal synchronizing signal with which said
image sensor reads out one line of pixel signal in a
horizontal direction;

a second drive signal generator which generates a second
drive signal which has a different period from that of said
first drive signal; and

an image sensor drive controller which drives said image
sensor in said direction which is different from said
direction of'said optical axis of said photographing opti-
cal system via said electromagnetic drive system in
accordance with said first drive signal, which is gener-
ated by said first drive signal generator, and said second
drive signal, which is generated by said second drive
signal generator, during said period of exposure of said
image sensor, and

wherein said image sensor drive controller drives said
image sensor in said direction which is different from
said direction of said optical axis of said photographing
optical system via said electromagnetic drive system in
accordance with said first drive signal, which is gener-
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ated by said first drive signal generator, during said
period of signal readout of said image sensor.

2. The photographing apparatus according to claim 1,
wherein said first drive signal generator generates a drive
signal to serve as said first drive signal which is in synchro-
nization with said horizontal synchronizing signal, which is
used by said image sensor to read out said one line of pixel
signal in said horizontal direction, and

wherein said second drive signal generator generates a

drive signal to serve as said second drive signal which is
not in synchronization with said horizontal synchroniz-
ing signal, which is used by said image sensor to read out
said one line of pixel signal in said horizontal direction.

3. The photographing apparatus according to claim 1,
wherein said image sensor drive controller drives said image
sensor in said direction which is different from said direction
of said optical axis of said photographing optical system via
said electromagnetic drive system during said period of expo-
sure of said image sensor in accordance with an asynchronous
drive signal which is generated by superposing and synthe-
sizing said first drive signal with said second drive signal
generated by said first drive signal generator and said second
drive signal generator, respectively, and drives said image
sensor in said direction which is different from said direction
of said optical axis of said photographing optical system via
said electromagnetic drive system during said period of signal
readout of said image sensor in accordance with a synchro-
nous drive signal which is composed of said first drive signal
that is generated by said first drive signal generator.

4. The photographing apparatus according to claim 3,
wherein said image sensor drive controller corrects image
shake by varying an image formation position of said object
image by driving said image sensor in said direction which is
different from said direction of said optical axis of said pho-
tographing optical system via said electromagnetic drive sys-
tem in accordance with said asynchronous drive signal or said
synchronous drive signal through said period of exposure and
said period of signal readout of said image sensor, and

wherein said image sensor drive controller obtains an opti-

cal low-pass filter effect by making object-emanating
light rays incident on said plurality of pixels of said
image sensor that are mutually different in detection
color by driving said image sensor in said direction
which is different from said direction of said optical axis
of said photographing optical system via said electro-
magnetic drive system in accordance with said asyn-
chronous drive signal only during said period of expo-
sure of said image sensor.

5. The photographing apparatus according to claim 1,
wherein said electromagnetic drive system comprises:
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a fixed support board;

a movable stage which is slidable relative to said fixed
support board and to which said image sensor is fixed;

a magnet and a yoke which are fixed to one of said fixed
support board and said movable stage; and

a drive coil which is fixed to the other of said fixed support
board and said movable stage,

wherein said movable stage, to which said image sensor is
fixed, is driven relative to said fixed support board in said
direction which is different from said direction of said
optical axis of said photographing optical system by
applying said asynchronous drive signal or said syn-
chronous drive signal to said drive coil.

6. A photographing control system comprising:

an image sensor which includes a plurality of pixels which
are mutually different in detection color, converts an
object image which is formed through a photographing
optical system during a period of exposure into a pixel
signal, and reads out said pixel signal during a period of
signal readout;

an electromagnetic drive system which drives said image
sensor in a direction which is different from a direction
of an optical axis of said photographing optical system;

a first drive signal generator which generates a first drive
signal that serves as a predetermined timing cue based
on a horizontal synchronizing signal with which said
image sensor reads out one line of pixel signal in a
horizontal direction;

a second drive signal generator which generates a second
drive signal which has a different period from that of said
first drive signal; and

an image sensor drive controller which drives said image
sensor in said direction which is different from said
direction of'said optical axis of said photographing opti-
cal system via said electromagnetic drive system in
accordance with said first drive signal, which is gener-
ated by said first drive signal generator, and said second
drive signal, which is generated by said second drive
signal generator, during said period of exposure of said
image sensor, and

wherein said image sensor drive controller drives said
image sensor in said direction different from said direc-
tion of said optical axis of said photographing optical
system via said electromagnetic drive system in accor-
dance with said first drive signal, which is generated by
said first drive signal generator, during said period of
signal readout of said image sensor.
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