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(54) (T1TLE OF THE INVENTION) LENS BARREL, LENS-INTERCHANGEABLE CAMERA, AND PROGRAM

(57) (ABSTRACT)

(PROBLEM) To provide a lens barrel, a lens-interchangeable
camera, and a program which enable acquisition of curvature
of field information peculiar to an imaging lens to adjust the
position of a subject image formed on an imaging means at
the time of imaging.

(SoLuTioN) The lens-interchangeable camera is provided
with a reception means (lens interface 185) for receiving
curvature of field information peculiar to an imaging lens
provided on a freely attachable and detachable lens barrel
from the lens barrel; a focusing position detection means
(information processing means 180) for measuring the
contrast of a subject image to detect a focusing position; a
control signal generation means (information processing
means 180) for correcting the detected focusing position on
the basis of the received curvature of field information and
generating a control signal for adjusting the focusing
position of the subject image formed by the imaging lens;
and a transmission means (lens interface 185) for
transmitting the generated control signal to the lens barrel.
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(SCOPE OF THE PATENT CLAIMS)

(CLAM 1) A lens barrel which is provided with an imaging
lens and can be mounted on a lens-interchangeable camera;
the lens barrel comprising:

a recording means for recording curvature of field
information peculiar to the imaging lens; and

a transmission means for reading out the curvature of field
information from the recording means and transmitting the
information to a lens-interchangeable camera.

(CLAM 2) The lens barrel according to Claim 1, comprising:
a focusing position adjustment means for adjusting a
focusing position of a subject image formed by the imaging
lens; and

areception means for receiving a control signal for adjusting
the focusing position from a lens-interchangeable camera, or
a transmitting means for transmitting control power for
adjusting the focusing position from a lens-interchangeable
camera.

(CLAM 3) A lens-interchangeable camera to which a lens
barrel can be freely attached and detached; the camera
comprising:

a lens barrel which is interchangeable and comprises: a
recording means for recording curvature of field information
peculiar to an imaging lens provided on the lens barrel; and
a transmission means for reading out the curvature of field
information from the recording means and transmitting the
information to a lens-interchangeable camera;

a reception means for receiving the curvature of field
information from the lens barrel;

a focusing position detection means for measuring a contrast
of a subject image to detect a focusing position;

a focusing position correction means for correcting the
detected focusing position on the basis of the received
curvature of field information; and

a focusing position adjustment means for adjusting a
formation position of the subject image formed on the
imaging means on the basis of the corrected focusing
position.

(CLAIM 4) A lens-interchangeable camera to which a lens
barrel can be freely attached and detached; the camera
comprising:

a lens barrel which is interchangeable and comprises: a
recording means for recording curvature of field information
peculiar to an imaging lens provided on the lens barrel; and
a transmission means for reading out the curvature of field
information from the recording means and transmitting the
information to a lens-interchangeable camera;

a reception means for receiving the curvature of field
information from the lens barrel;

a distance measurement means for measuring a distance to a
subject;

a focusing position correction means for correcting the
measured distance to the subject on the basis of the received
curvature of field information to correct the focusing
position; and

a focusing position adjustment means for adjusting a
formation position of a subject image formed on the imaging
means on the basis of the corrected focusing position.
(CLAIM 5) A lens-interchangeable camera to which a lens
barrel can be freely attached and detached; the camera
comprising:

a lens barrel which is interchangeable and comprises: a
recording means for recording curvature of field information
peculiar to an imaging lens provided on the lens barrel; a first

transmission means for reading out the curvature of field
information from the recording means and transmitting the
information to the lens-interchangeable camera; a focusing
position adjustment means for adjusting a focusing position
of a subject image formed by the imaging lens; and a first
reception means for receiving a control signal for adjusting
the focusing position from the lens-interchangeable camera,
or a transmitting means for transmitting control power for
adjusting the focusing position from the lens-
interchangeable camera;

a second reception means for receiving the curvature of field
information from the lens barrel;

a focusing position detection means for measuring a contrast
of the subject image to detect the focusing position;

a control signal generation means for correcting the detected
focusing position on the basis of the received curvature of
field information and generating a control signal for
adjusting the focusing position of the subject image formed
by the imaging lens; and

a second transmission means for transmitting the generated
control signal to the lens barrel, or a transmitting means for
transmitting control power for adjusting the focusing
position to the focusing position adjustment means provided
on the lens barrel on the basis of the generated control signal.
(CLAIM 6) A lens-interchangeable camera to which a lens
barrel can be freely attached and detached; the camera
comprising:

a lens barrel which is interchangeable and comprises: a
recording means for recording curvature of field information
peculiar to an imaging lens provided on the lens barrel; a first
transmission means for reading out the curvature of field
information from the recording means and transmitting the
information to the lens-interchangeable camera; a focusing
position adjustment means for adjusting a focusing position
of a subject image formed by the imaging lens; and a first
reception means for receiving a control signal for adjusting
the focusing position from the lens-interchangeable camera,
or a transmitting means for transmitting control power for
adjusting the focusing position from the lens-
interchangeable camera;

a second reception means for receiving the curvature of field
information from the lens barrel;

a distance measurement means for measuring a distance to a
subject;

a control signal generation means for correcting the
measured distance to the subject on the basis of the curvature
of field information and generating a control signal for
adjusting the focusing position of the subject image formed
by the imaging lens; and

a second transmission means for transmitting the generated
control signal to the lens barrel, or a transmitting means for
transmitting control power for adjusting the focusing
position to the focusing position adjustment means provided
on the lens barrel on the basis of the generated control signal.
(CLAMM 7) A lens-interchangeable camera to which a lens
barrel can be freely attached and detached; the camera
comprising:

a reception means for receiving curvature of field
information peculiar to an imaging lens provided on the lens
barrel from the lens barrel;
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a focusing position detection means for measuring a contrast
of a subject image to detect a focusing position;

a control signal generation means for correcting the detected
focusing position on the basis of the received curvature of
field information and generating a control signal for
adjusting the focusing position of the subject image formed
by an imaging lens; and

a transmission means for transmitting the generated control
signal to the lens barrel, or a transmitting means for
transmitting control power for adjusting the focusing
position to a focusing position adjustment means provided
on the lens barrel on the basis of the generated control signal.
(CLAM 8) The lens-interchangeable camera according to any
one of Claims 3 to 7, comprising a detection means for
detecting that a lens barrel has been mounted;

wherein when the detection means detects that a lens barrel
has been mounted, the reception means or the second
reception means receives the curvature of field information
from the lens barrel.

(CLAM 9) A lens-interchangeable camera to which a lens
barrel can be freely attached and detached; the camera
comprising:

a detection means for detecting that a lens barrel has been
mounted;

an interface for reading out curvature of field information
peculiar to an imaging lens provided on the lens barrel from
a recording medium;

a focusing position detection means for measuring a contrast
of a subject image to detect a focusing position;

a control signal generation means which, when the detection
means detects the mounting of a lens barrel, reads out
curvature of field information recorded on the recording
medium via the interface, corrects the detected focusing
position on the basis of the curvature of field information,
and generates a control signal for adjusting the focusing
position of the subject image formed by the imaging lens;
and

a transmission means for transmitting the generated control
signal to the lens barrel, or a transmitting means for
transmitting control power for adjusting the focusing
position to a focusing position adjustment means provided
on the lens barrel on the basis of the generated control signal.
(CLamM 10) A program to be operated in a lens-
interchangeable camera comprising: a reception means for
receiving curvature of field information from a lens barrel; a
focusing position detection means for measuring a contrast
of a subject image to detect a focusing position; a control
signal generation means for generating a control signal for
adjusting the focusing position of the subject image; a
transmission means for transmitting the generated control
signal, or a transmitting means for transmitting control
power for adjusting the focusing position on the basis of the
generated control signal; and an information processing
means capable of controlling the reception means, the
focusing position detection means, the control signal
generation means, and the transmission means or the
transmitting means;

the purpose of the program being to make the information
processing means execute:

a function in which the reception means receives curvature
of field information peculiar to an imaging lens provided on
a lens barrel from the lens barrel;

a function in which the focusing position detection means
measures a contrast of a subject image to detect a focusing
position;

a function in which the control signal generation means
corrects the detected focusing position on the basis of the
received curvature of field information and generates a
control signal for adjusting the focusing position of the
subject image formed by the imaging lens; and

a function in which the transmission means transmits the
generated control signal to the lens barrel, or a function in
which the transmitting means transmits control power for
adjusting the focusing position to a focusing position
adjustment means provided on the lens barrel on the basis of
the generated control signal.

(DETAILED DESCRIPTION OF THE INVENTION)

(0001)

(TECHNICAL FIELD OF THE INVENTION) The present invention
relates to a lens barrel, a lens-interchangeable camera, and a
program, and more particularly to a lens barrel, a lens-
interchangeable camera, and a program capable of correcting
the curvature of field aberration of an imaging lens provided
on a lens barrel.

(0002)

(CONVENTIONAL TECHNOLOGY) A lens-interchangeable
digital camera configured to obtain ID data recorded on an
interchangeable lens or the like, to record image data
obtained by CCD and the ID data on a recording medium,
and to perform high-precision distortion and shading
correction on a captured image has been previously
disclosed in Japanese Unexamined Patent Application
Publication No. 2000-184247.

(0003)

(PROBLEM TO BE SOLVED BY THE INVENTION) However, in the
case of the lens-interchangeable digital camera disclosed in
Japanese Unexamined Patent Application Publication No.
2000-184247, although distortion, shading, or the like can be
corrected for an image, there was a problem that the
adjustment of the focusing position cannot be performed
optimally on the basis of the curvature of field information
of the imaging lens. The correction of distortion and shading
for a captured image can be performed retroactively for a
captured image, but there was a problem that for an image
that is out of focus, the focusing position at the time of
imaging cannot be corrected, no matter how much image
processing is performed.

(0004) The present invention was conceived in light of such
circumstances, and an object of the present invention is to
provide a lens barrel, a lens-interchangeable camera, and a
program which enable acquisition of curvature of field
information peculiar to an imaging lens and adjustment of
the position of a subject image formed on an imaging means
at the time of imaging, thereby enabling the optimization of
the focusing state near the center of a captured image and the
acquisition of an image with a wide focusing range as a
result.

(0005)

(MEANS FOR SOLVING THE PROBLEM) To achieve the object
described above, the lens barrel according to the present
invention comprises: a recording means for recording
curvature of field information peculiar to the imaging lens;
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and a transmission means for reading out the curvature of
field information from the recording means and transmitting
the information to a lens-interchangeable camera.

(0006) According to the present invention, the lens barrel
comprises a recording means for recording curvature of field
information peculiar to the imaging lens, and a transmission
means for reading out the curvature of field information
from the recording means and transmitting the information
to a lens-interchangeable camera, so it becomes possible to
adjust the position of a subject image formed on the imaging
means with a lens-interchangeable camera and to acquire an
image having a wide focusing range.

(0007) In addition, to achieve the object described above, the
lens-interchangeable camera according to Claim 7
comprises a reception means for receiving curvature of field
information peculiar to an imaging lens provided on a freely
attachable and detachable lens barrel, a focusing position
detection means for measuring a contrast of a subject image
to detect a focusing position, a control signal generation
means for correcting the detected focusing position on the
basis of the received curvature of field information and
generating a control signal for adjusting the focusing
position of the subject image formed by an imaging lens, and
a transmission means for transmitting the generated control
signal to the lens barrel, or a transmitting means for
transmitting control power for adjusting the focusing
position to a focusing position adjustment means provided
on the lens barrel on the basis of the generated control signal.
(0008) According to the present invention, the lens-
interchangeable camera comprises a reception means for
receiving curvature of field information peculiar to an
imaging lens provided on a freely attachable and detachable
lens barrel, a focusing position detection means for
measuring a contrast of a subject image to detect a focusing
position, a control signal generation means for correcting the
detected focusing position on the basis of the received
curvature of field information and generating a control signal
for adjusting the focusing position of the subject image
formed by an imaging lens, and a transmission means for
transmitting the generated control signal to the lens barrel,
or a transmitting means for transmitting control power for
adjusting the focusing position to a focusing position
adjustment means provided on the lens barrel on the basis of
the generated control signal, which enables the acquisition
of curvature of field information peculiar to an imaging lens
and adjustment of the position of a subject image formed on
an imaging means at the time of imaging, thereby enabling
the optimization of the focusing state near the center of a
captured image and the acquisition of an image with a wide
focusing range as a result.

(0009)

(EMBODIMENTS OF THE INVENTION) Preferred embodiments
of the lens barrel and the lens-interchangeable camera
according to the present invention will be described in detail
hereinafter with reference to the attached drawings.

(0010) FIG. 1 is a block diagram illustrating the
configuration of the lens barrel and the lens-interchangeable
camera according to the present invention. (0011) As
illustrated in the drawing, a lens barrel 100 (interchangeable
lens) is provided with a mount 101 for mounting the lens
barrel 100 to a lens mount 151 of a lens-interchangeable

camera 10, which makes it possible to freely attach and
detach the lens barrel 100 to and from the lens-
interchangeable camera 10.

(0012) Inside the lens barrel 100 are provided: a focus lens
unit 130 capable of making adjustments to focus a subject
image on an imaging surface of an imaging means 150 of the
lens-interchangeable camera 10; a zoom lens unit 131
capable of adjusting the angle of view of an image formed
on the imaging surface; an aperture 133 capable of adjusting
the brightness of a subject image; a shutter 134 for
transmitting or blocking the light of a subject; and an image
stabilization device 135 which performs control for reducing
the blur of a subject image at the time of imaging by moving
a subject image formed on the imaging means of the lens-
interchangeable camera in X-Y two-dimensional directions.
(0013) The following various focusing means (focusing
position adjustment means for adjusting the focusing
position of a subject image formed by the imaging lens) are
connected to the focus lens unit 130: a motor 136A for
providing power when adjusting the focusing position on the
basis of a command from the lens-interchangeable camera
10 or a command from the user; an encoder 137A for
detecting the focusing position of the focus lens unit 130 or
the setting position of the focus lens unit 130; and a driver
138A for integrating or performing arithmetic operations on
values detected by the encoder 137A and driving the motor
136A.

(0014) The following are connected to the zoom lens unit
131: a motor 136B for providing power when adjusting the
angle of view on the basis of a command from the lens-
interchangeable camera 10 or a command from the user; an
encoder 137B for detecting the zoom position of the zoom
lens unit 131 or the setting position of the zoom lens unit
131; and a driver 138B for integrating or performing
arithmetic operations on values detected by the encoder
137B and driving the motor 136B.

(0015) The following are connected to the aperture 133: a
motor 136D for providing power when adjusting the
brightness of a subject image on the basis of a command
from the lens-interchangeable camera 10 or a command from
the user; an encoder 137D for detecting the aperture position
of'the aperture 133 or the setting position of the aperture 133;
and a driver 138D for integrating or performing arithmetic
operations on values detected by the encoder 137D and
driving the motor 136D.

(0016) The following are connected to the shutter 134: a
motor 136E for providing power when producing a shutter-
closed state and a shutter-open state on the basis of a
command from the lens-interchangeable camera 10 or a
command from the user; an encoder 137E for detecting the
position of a shutter curtain of the shutter 134; and a driver
138E for integrating or performing arithmetic operations on
values detected by the encoder 137E and driving the motor
136E.

(0017) The image stabilization device 135 is provided with
an optical axis inclination means for inclining the optical
axis of a subject image in order to move the subject image in
X-Y biaxial directions on the basis of the output or the like
of an orthogonal biaxial rate sensor (not illustrated) provided
in the lens-interchangeable camera 10 or the lens barrel 100.
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A motor 136F for providing power to this optical axis
inclination means to incline the optical axis in two-
dimensional directions and an encoder 137F for detecting the
inclination angle of the optical axis according to the optical
axis inclination means 135 are provided thereto.

(0018) A driver 138F for integrating or performing
arithmetic operations on values detected by the encoder
137F and driving the motor 136F is connected to the image
stabilization device 135.

(0019) Note that the above explanation was given with
regard to an embodiment for the image stabilization device
135 in which a subject image is stabilized by an optical axis
inclination means which inclines the optical axis of the
subject image in orthogonal biaxial directions, but the
present invention is not limited to this case and may be a
device which moves the subject image in orthogonal biaxial
directions or the like. In addition, the motor 136F and the
like are not limited to rotary motors, and may be configured
to drive using linear motors, piezoelectric elements, or other
actuators.

(0020) Further, the lens barrel 100 is provided with an
information processing means 140 for acquiring information
such as the setting positions of the encoders 137A, 137B,
137D, 137E, and 137F from various drivers such as the
drivers 138A, 138B, 138D, 138E, and 138F and outputting
commands to drive the motors 136A, 136B, 136D, 136E,
136F, and the like to the various drivers.

(0021) The following are recorded in the recording means
141: firmware related to drive control processing for
allowing the functions of the lens barrel 100 such as zoom,
focus, aperture, shutter, the image stabilization device or
others to be effectively executed on the lens-interchangeable
camera 10 side, or firmware for adjusting the focusing
position of the subject image on the basis of curvature of
field information peculiar to the imaging lens; numerical
information related to the drive control (including curvature
of field information peculiar to the imaging lens); and a map
or numerical formula for the curvature of field information
aberration peculiar to the imaging lens provided on the lens
barrel.

(0022) In addition, the following may also be recorded in the
firmware recorded in the recording means 141: processing
for an aperture priority mode based on a function peculiar to
the lens barrel 100; processing for a shutter speed priority
mode; processing for an automatic exposure mode;
processing for a manual exposure mode, and processing for
realizing microsteps which enable minute positioning and
reduce operating noise related to the driving of zoom, focus,
aperture, shutter, and other components.

(0023) Further, the curvature of field information peculiar to
the imaging lens provided on the lens barrel 100 or
correction values for an image such as chromatic aberration
of magnification, distortion aberration,
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shading, or others caused by the imaging lens can also be
recorded in the recording means 141.

(0024) Note that the recording means 141 may also be
provided so that it can be freely inserted into and removed
from the lens barrel 100. By providing the recording means
141 so that it can be freely inserted into and removed from
the lens barrel 100, it becomes possible to more easily update
the firmware of the lens-interchangeable camera 10.

(0025) The information processing means 140 (including the
functions of a transmission means and a reception means or
a first transmission means and a first reception means) can
transmit and receive information to and from the lens-
interchangeable camera 10 via electrical contacts provided
on the mount 101. In addition, the information processing
means 140 can read out the firmware that becomes necessary
when using the functions peculiar to the lens barrel provided
on the lens barrel 100 with the lens-interchangeable camera
10 and the numerical information related to the control
thereof or the curvature of field information of the imaging
lens from the recording means 141, and output it to the lens-
interchangeable camera 10 side.

(0026) Further, the information processing means 140 can
read correction values for an image such as chromatic
aberration of magnification, distortion aberration, or shading
caused by the imaging lens provided on the lens barrel 100
and the curvature of field information peculiar to the
imaging lens from the recording means 141 and transmit the
information to the lens-interchangeable camera 10 side.
(0027) In addition, the information processing means can
receive a control signal for realizing the functions peculiar
to the lens barrel 100 from the lens-interchangeable camera
10 side or a control signal or other information for adjusting
the focusing position from the lens-interchangeable camera.

(0028) The means in which the information processing
means 140 transmits and receives information to and from
the lens-interchangeable camera 10 side may transmit and
receive information via electrical contacts provided on the
mount 101, as described above, and the object of the present
invention can also be achieved by transmitting and receiving
information wirelessly without using electrical contacts.
(0029) In addition, instead of receiving a control signal for
realizing the functions peculiar to the lens barrel 100 from
the lens-interchangeable camera 10 side or a control signal
for adjusting the focusing position from the lens-
interchangeable camera, the functions of motors or drivers
may be provided on the lens-interchangeable camera 10 side,
and a coupler or other transmitting means for transmitting
control power for mechanically adjusting the focusing
position by the focus lens unit 130 or the control power of
the zoom lens unit 131 or the like from the lens-
interchangeable camera 10 side may also be provided.
(0030) Further, the configuration may also be such that
focusing position information or information related to the
distance to the subject detected on the lens-interchangeable
camera 10 side is received from the lens-interchangeable
camera side and the focusing position is adjusted on the lens
barrel 100 side.

(0031) The image processing part of the lens-
interchangeable camera 10 is provided with: an imaging
means 150 for forming an image of a subject on an imaging
surface, photoelectrically converting the image, and
outputting the image as an image signal; a shutter 152 for
adjusting the amount of light by transmitting or blocking the
light formed on the imaging means, and protecting the
imaging means 150 when the lens barrel 100 has been
removed;
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an image processing means 153 for performing processing
such as changing the image size, sharpness correction, and
contour processing, and contrast correction; and an A/D
converter 154 for converting an analog image signal to
digital image data.

(0032) In addition, a communication means of the lens-
interchangeable camera 10 for transmitting and receiving
image files and other information to and from other
transmission devices by means of communication
comprises: a short-range transmission and reception means
157 (which may include functions or the like of a
transmission means, a second transmission means, a
reception means, and a second reception means) for
transmitting or receiving information such as image files by
placing the information on carrier waves such as
electromagnetic waves; an antenna 156 for transmitting and
receiving carrier waves, image files, and other information;
a communication connector 162 for transmitting and
receiving image files and other information to and from
other communication devices via communication cables;
and a cradle connector 163 for transmitting and receiving
information to and from other communication devices via a
cradle to which the lens-interchangeable camera 10 is
mounted.

(0033) Further, the lens-interchangeable camera 10 is
provided with: a compression and expansion means 167 for
performing compression processing or thinning processing
on information such as image data with a technique such as
JPEG or motion JPEG or performing expansion processing
on compressed image data or the like; an OSD 169 for
providing an on-screen display of various characters or
message data displayed on a display means 168 together
with an image; a signal processing means 170 for performing
white balance processing, gamma conversion, YC
conversion processing, pixel count conversion processing,
electronic zoom processing, trimming processing, or the like
on image data obtained by imaging; a frame memory 171 for
temporarily storing image data for display; a D/A converter
172 for converting digital image data to a composite signal
or the like for display; and a connector 173 for outputting a
signal for display to a display device of each part.

(0034) In addition, the lens-interchangeable camera 10 is
provided with: an input means 174 consisting of a power
switch or release button, a communication button, a transmit
button, a function switch, a cross button, a confirmation
switch, a mode switching switch, and the like; an 1/0O 175,
which is an interface for inputting and outputting input
information provided by the input means 174 and
information for a display means such as an LED; a recording
medium mounting part 178 for detachably mounting a
recording medium 177 (which may include functions of a
recording means for recording curvature of field information
peculiar to the imaging lens provided on the lens barrel); and
a recording medium interface 179 for recording or reading
out image data, curvature of field information, or other
information to and from the recording medium 177. Note
that the recording medium 177 is semiconductor such as a
memory card or a magnetic recording-type or optical
recording-type detachable recording medium such as an
MO.

(0035) In addition, the lens-interchangeable camera 10 is
provided with: an information processing means 180
(focusing position detection means, focusing position
correction means, and control signal generation means) for

controlling the entire lens-interchangeable camera 10 and
performing control such as image data sampling timing
control, image data recording control, image data pattern
recognition, processing for reading model information of the
lens-interchangeable camera 10 or device-specific
identification information, communication control, control
related to the recording of images and audio, and display
control; a nonvolatile memory 182 capable of rewriting
information and capable of continuing to store information
such as various constants for adjustments that are stored,
curvature of field information, firmware, numerical
information, and processing programs operating on the lens-
interchangeable camera 10 side even after the power is shut
off; a ROM 183 in which identification information peculiar
to the lens-interchangeable camera 10 such as the model
name or manufacturing number, operation programs,
various constants, information related to display, and
correction values for images associate with the imaging lens
are stored; and a RAM 184, which is a high-speed
readable/writable storage means serving as a work area at the
time of program execution.

(0036) In addition, the lens-interchangeable camera 10 is
provided with: a calendar clock 190 for keeping time; a
power supply 191 for supplying various types of power for
driving the lens-interchangeable camera 10; a power supply
connector 192 for receiving the supply of power from an
external power supply; a light-emitting means 193 for
compensating for insufficient amounts of light by emitting
light onto the subject at the time of imaging; and a light
emission control means 194 for adjusting the light emission
timing of the light-emitting means 193 or the amount of light
to be emitted.

(0037) The information processing means 180 of the lens-
interchangeable camera 10 is connected to the image
processing means 153, the A/D converter, the transmission
and reception means 157, the compression and expansion
means 167, the I/O 175, the OSD 169, the signal processing
means 170, the recording medium interface 179, the
nonvolatile memory 182, the ROM 183, the RAM 184, the
calendar clock 190, the lens interface 185, and various other
circuits via a bus 199, which makes it possible to transmit
information therebetween at high speeds on the basis of
commands from the information processing means 180.
(0038) In addition, the lens mount 151 of the lens-
interchangeable camera 10 is provided with one or more
electrical contacts, which are configured to be conductive
when in contact with electrical contacts provided on the
mount 101 of the lens barrel 100 at the time of the mounting
of the lens barrel 100. In this way, the information
processing means 140 of the lens barrel 100 and the
information processing means 180 of the lens-
interchangeable camera 10 can transmit and receive
information via the lens interface 185 (transmission means,
reception means, second transmission means, and second
reception means) provided in the lens-interchangeable
camera 10. Further, operating power can be supplied from
the lens-interchangeable camera 10 side to the lens barrel
100 side via the electrical contacts.

(0039) Note that a switch 185A (detection means) for
detecting whether the lens barrel 100 has been mounted is
connected to the lens interface 185, and the information
processing means 180 can detect whether the lens barrel 100
has been mounted to a lens-interchangeable camera via the
lens interface 185.
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(0040) The lens interface 185 can transmit and receive
information to and from the lens barrel 100 via the electrical
contacts provided on the lens mount 151, and can receive
firmware that becomes necessary when using functions
peculiar to the lens barrel 100 and numerical information
related to the control thereof from the information
processing means 140.

(0041) In addition, the lens interface 185 can receive image
correction values for chromatic aberration of magnification,
distortion aberration, shading or others caused by the
imaging lens of the lens barrel 100 that is mounted, or
curvature of field information of the imaging lens from the
information processing means 140.

(0042) Note that the means in which the lens interface 185
transmits and receives information to and from the lens
barrel 100 side may transmit and receive information via
electrical contacts provided on the lens mount 151, as
described above, and the object of the present invention can
also be achieved by transmitting and receiving information
wirelessly using a transmission and reception means (such
as transmission and reception means 157) without using
electrical contacts.

(0043) In addition, instead of transmitting a control signal
for adjusting the focusing position or a control signal for
realizing peculiar functions from the lens-interchangeable
camera 10 to the lens barrel 100 side, the functions of motors
or drivers (focusing position adjustment means such as
136A, 137A, and 138A illustrated in FIG. 1) may be
provided on the lens-interchangeable camera 10 side, and a
coupler or other transmitting means for transmitting control
power mechanically to the focus lens unit 130 or the like of
the lens barrel 100 may also be provided. Note that the
control power transmitted from the transmitting means is
transmitted to the lens barrel 100 side via a coupler or other
transmitting means provided on the lens barrel side, and is
further transmitted to the focus lens unit 130 or the like
provided inside the lens barrel.

(0044) Further, instead of mechanically transmitting control
power for adjusting the focusing position from the lens-
interchangeable camera 10 to the lens barrel 100 side, the
functions of motors or drivers (such as 136A, 137A, and
138A illustrated in FIG. 1) and a focusing position
adjustment means for moving the imaging means 150
relative to the imaging lens may be provided on the lens-
interchangeable camera 10 side so as to adjust the focusing
position of the subject image formed on the imaging means
150.

(0045) In this case, a coupler or other transmitting means for
mechanically transmitting control power to the focus lens
unit 130 or the like of the lens barrel 100 may be provided.
Note that the control power transmitted from the transmitting
means is transmitted to the lens barrel 100 side via a coupler
or other transmitting means provided on the lens barrel side,
and is further transmitted to the focus lens unit 130 or the
like provided inside the lens barrel.

(0046) The information outputted by the information
processing means 180 of the lens-interchangeable camera 10
to the information processing means 140 of the lens barrel
100 includes control information such as a drive command
for the focus lens unit 130, a drive command for the zoom

lens unit 131, and a drive command for the aperture 133, a
drive command for the shutter 134, a control command for
the image stabilization device 135, and information for
acquiring the status of the lens barrel 100.

(0047) In addition, the setting information received from the
information processing means 140 of the lens barrel 100
includes status information such as the position information
of the focus lens unit 130, the position information of the
zoom lens unit 131, and the position information of the
aperture 133, the position of the shutter curtain, and the
inclination angle of the optical axis set by the image
stabilization device 135.

(0048) The functions of each device will be described
hereinafter for a case in which all of the focusing position
adjustment means for adjusting the focusing position of the
subject image are provided on the lens-interchangeable
camera 10 side.

(0049) The reception means such as the lens interface 185
(or the transmission and reception means 157) of the lens-
interchangeable camera 10 can receive curvature of field
information from the lens barrel.

(0050) The focusing position detection means such as the
information processing means 180 can measure the contrast
of image data acquired by the imaging means 150 to detect
the focusing position.

(0051) The focusing position correction means such as the
information processing means 180 can perform arithmetic
operations to correct the detected focusing position on the
basis of the received curvature of field information.

(0052) In addition, a distance measuring means based on a
triangulation method, an irradiated light reflection strength
measurement method, an ultrasonic wave time method, a
phase method, or another distance measurement method may
be provided inside the lens-interchangeable camera 10 to
measure the distance to the subject. The focusing position
correction means such as the information processing means
180 may also be configured to correct the distance to the
subject measured by the distance measuring means on the
basis of the received curvature of field information to correct
the focusing position.

(0053) Note that by providing all of the focusing position
adjustment means such as the motors, encoders, and drivers
inside the lens-interchangeable camera 10, it is possible to
adjust the image forming position of the subject image
formed on the imaging means 150 on the basis of the
focusing position corrected by the focusing position
correction means.

(0054) The functions of each device will be described
hereinafter for a case in which the focusing position
adjustment means for adjusting the focusing position of the
subject image is provided on the lens barrel side.

(0055) The reception means such as the lens interface 185
(or the transmission and reception means 157) of the lens-
interchangeable camera 10 can receive curvature of field
information from the lens barrel.

(0056) The focusing position correction means such as the
information processing means 180 can measure the contrast
of image data acquired by the imaging means 150 to detect
the focusing position.
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(0057) The control signal generation means such as the
information processing means 180 can perform arithmetic
operations to correct the detected focusing position on the
basis of the received curvature of field information, and
generate a control signal for adjusting the focusing position
of the subject image formed by the imaging lens.

(0058) In addition, a distance measuring means based on a
triangulation method, an irradiated light reflection strength
measurement method, an ultrasonic wave time method, a
phase method, or another distance measurement method may
be provided inside the lens-interchangeable camera 10 to
measure the distance to the subject.

(0059) The focusing position correction means such as the
information processing means 180 may also be configured
to perform processing to correct the distance to the subject
measured by the distance measuring means on the basis of
the received curvature of field information, and to generate
a control signal for adjusting the focusing position of the
subject image formed by the imaging lens.

(0060) The transmission means such as the lens interface
185 (or the transmission and reception means 157) can
transmit the generated control signal to the lens barrel.
(0061) In the configuration described above, the reception
means such as the lens interface 185 may be configured so
that when the switch 185A detects that the lens barrel 100
has been mounted, the reception means receives curvature of
field information from the lens barrel.

(0062) Note that in the case where the driving parts of the
focusing position adjustment means such as the motors,
encoders, and drivers are provided inside the lens-
interchangeable camera 10, the focusing position is adjusted
by transmitting control power for adjusting the focusing
position to the focusing position adjustment means provided
in lens barrel on the basis of the generated control signal.
(0063) In addition, in the case where curvature of field
information peculiar to the imaging lens provided on the lens
barrel 100 is recorded on the recording medium 177
(recording means), the recording medium interface 179
reads out the curvature of field information from the
recording medium 177.

(0064) FIG. 2 illustrates the generation of the curvature of
field peculiar to the imaging lens.

(0065) As illustrated in the figure, light emitted from the
subject is typically formed as an image on the imaging
surface via an imaging lens using Z as an optical axis.
However, due to the properties of the curvature of field
information in the imaging lens, images of portions other
than the optical axis do not necessarily form sharp images on
the imaging surface. In the example illustrated in FIG. 2,
there is a property in which the image surface curves in
accordance with the distance from the optical axis, so
although a sharp image of the subject is formed near the
optical axis of the imaging surface, the subject image
becomes more blurry as the distance from the optical axis
increases.

(0066) This property of image formation with rotational
symmetry with the optical axis is called a curvature of field
property. Note that this curvature of field property is not
limited to a concave shape such as that illustrated in FIG. 2,
and there are also cases in which the imaging lens has S-

shaped properties. In addition, this property may also vary
depending on the zoom setting position (focal distance when
zooming).

(0067) In the present invention, information related to the
relationship between the distance from the optical axis and
the image surface or the position of the imaging surface to
be adjusted is called curvature of field information. This
curvature of field information peculiar to the imaging lens is
read out from the recording means 141, and an adjustment is
made to correct the focusing position at the time of imaging.
(0068) In addition, in the case illustrated in FIG. 2, the
defocus can be reduced over a wider range on the imaging
surface by making an adjustment to move the imaging
surface toward the imaging lens side by a prescribed amount
(or setting the image forming position in the opposite
direction as the imaging lens by a prescribed amount). In
particular, when there is depth of field as illustrated in FIG.
2, the shift in focus can be further reduced by setting the
focusing position so that the imaging surface covers wide
range within the depth of field.

(0069) FIG. 3 illustrates a flowchart of processing after the
power of the lens-interchangeable camera of the present
invention is turned on.

(0070) As illustrated in the drawing, when the user turns the
power switch provided on the input means 174 of the lens-
interchangeable camera 10 to the “activate” or “ON” state,
the processing executed by the information processing
means 180 branches to step S100 “processing after power is
turned on” (abbreviated as “S100” hereinafter). The
processing then proceeds to the process of the next step S102
“set peripheral circuits.”

(0071) In S102, the information processing means 180
communicates with the image processing means 153, the
A/D converter, the transmission and reception means 157,
the compression and expansion means 167, the I/O 175, the
OSD 169, the signal processing means 170, the recording
medium interface 179, the nonvolatile memory 182, the
ROM 183, the RAM 184, the calendar clock 190, the lens
interface 185, and various other circuits to instruct the
initialization of each processing circuit and to acquire the
status thereof.

(0072) In the next step S104 “communicate with lens
barrel,” the information processing means 180 detects
whether the lens barrel 100 has been mounted on the lens-
interchangeable camera 10 by inquiring the lens interface
185. If it is assessed that the lens barrel 100 has not been
mounted, then the process proceeds to the assessment of the
next step S106 “is there updating firmware?.”

(0073) In addition, if it is assessed that the lens barrel 100
has been mounted, then communication is established with
the information processing means 140 provided in the lens
barrel 100 so as to acquire identification information of the
updating firmware, identification information of numerical
information, information related to image correction values
for chromatic aberration of magnification, distortion
aberration, shading or others caused by the imaging lens of
the lens barrel 100 recorded in the recording means 141, or
curvature of field information peculiar to the imaging lens,
and the processing then proceeds to the assessment of the
next step S106 “is there updating firmware?.”
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(0074) In S106, the information processing means 180 reads
out and compares various information related to the
identification information of the updating firmware,
identification information of numerical information, image
correction values for chromatic aberration of magnification,
distortion aberration, shading or others caused by the
imaging lens, or curvature of field information recorded in
the recording means 141.

(0075) If the information read out from the recording means
such as the nonvolatile memory 182 matches the information
read out from the lens barrel 100 in S104, then the processing
branches to the processing of S118 “set lens barrel.”

(0076) If the information read out from the recording means
such as the nonvolatile memory 182 does not match the
information read out from the lens barrel 100 in S104 (if,
after the user newly mounts a lens barrel 100 on the lens-
interchangeable camera 10, the power switch is set to the
“activate” state and it is assessed that the firmware recorded
in the lens barrel is newer), then the processing performed
by the information processing means 180 proceeds to the
processing of the next step S108 “prompt the user to assess
whether firmware has been updated.”

(0077) In S108, information processing means 180 outputs
display information such as “install firmware corresponding
to the lens barrel? (Y/N)” to the OSD 169. As a result, this
information is displayed on the display means 168
(notification means) via the D/A converter 172 to notify the
user.

(0078) The information notified in S108 may be displayed
to individually inquire as to whether to selectively update
one or more pieces of firmware recorded in the recording
means 141 of the lens barrel 100 to one or more pieces of
firmware received from the lens barrel.

(0079) If the user inputs an instruction not to update
firmware via the input means 174, then the processing
branches to S110 “receive numerical information,” where
processing is performed to receive and update only
numerical information without performing processing to
update firmware.

(0080) In addition, if the user gives an instruction to
selectively update one or more pieces of firmware via the
input means 174, or if the user gives an instruction to update
all of the firmware, then the processing proceeds to the next
step S112 “receive firmware and numerical information.”
(0081) In S112, the information processing means 180 issues
a request to the lens interface 185 to transmit firmware or
numerical information recorded in the recording means 141
of the lens barrel 100. As a result, the lens interface 185
outputs a request to the lens barrel 100 to transmit firmware
or numerical information via the electrical contacts provided
on the lens mount 151.

(0082) Upon receiving the transmission request, the
information processing means 140 of the lens barrel
performs processing to read out modules and numerical
information of the firmware related to drive control for
effectively realizing the functions peculiar to the lens barrel

100 such as zoom, focus, aperture, shutter, and other
functions of the image stabilization device recorded in the
recording means 141 with the lens-interchangeable camera
10 on the basis of the received request to transmit firmware
or numerical information. The information processing
means 140 then performs processing to transmit the
firmware or numerical information that is read out to the lens
interface 185.

(0083) In addition, at that time, the information processing
means 140 may be configured to read out information related
to the image correction values for chromatic aberration of
magnification, distortion aberration, shading or others
caused by various lenses provided in the lens barrel and to
transmit the information to the lens interface 185.

(0084) The firmware or numerical information received by
the lens interface 185 from the information processing
means 140 on the lens barrel 100 side is read by the
information processing means 180 of the lens-
interchangeable camera 10. If it is assessed that all
information has been read, then the processing performed by
the information processing means 180 proceeds to the next
step S114 “record received firmware or the like in recording
means.”

(0085) In S114, the information processing means 180
performs processing to record modules or numerical
information of the received firmware (firmware for realizing
the functions peculiar to the lens barrel 100 on the lens-
interchangeable camera 10 side) as well as identification
information thereof in a recording means such as the
nonvolatile memory 182, and the processing then proceeds
to the next step S116 “reedit startup/main loop firmware.”
(0086) In S116, processing is performed to rewrite the
startup routine or main loop routine of existing firmware on
the basis of the firmware or numerical information recorded
in the recording means and to reedit the module or numerical
information of the received firmware so that it is usable.
(0087) When the firmware or numerical information has
been recorded in the nonvolatile memory 182 and the
reediting of the startup routine or main loop routine of the
firmware is complete, the information processing means 180
can utilize the peculiar functions provided in the lens barrel
100 using the recorded firmware or numerical information.
(0088) In the next step S118 “set lens barrel,” the
information processing means 180 outputs an instruction for
the lens barrel 100 to perform initialization processing to the
information processing means 140 of the lens barrel 100 via
the lens interface 185.

(0089) Upon receiving the instruction for the lens barrel 100
to perform initialization processing, the information
processing means 140 of the lens barrel 100 performs
initialization processing to determine the origins of the drive
systems of the focus lens unit 130, the zoom lens unit 131,
the aperture 133,
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the shutter 134, the image stabilization device 135, and the
like of the lens barrel. When the initialization process is
complete in S118, the processing proceeds to S120 “end” to
end the processing after the power is turned on (startup
processing).

(0090) When the processing after the power is turned on is
complete, the processing performed by the information
processing means 180 of the lens-interchangeable camera 10
proceeds to the processing of S200 “main loop” illustrated
in FIG. 4, and the processing proceeds to the assessment of
the next step S202 “has a lens barrel been newly mounted?.”
(0091) In S202, the information processing means 180
acquires the state of the switch S185A which detects whether
the lens barrel 100 has been mounted via the lens interface
185.

(0092) If the switch 185A detects that the lens barrel 100 has
transitioned from a state in which it is not mounted to a state
in which it is mounted, then the information processing
means 180 assesses that a lens barrel has been newly
mounted, returns the processing to S104 in FIG. 3, and
attempts to communicate with the lens barrel again. If it is
assessed that a lens barrel has not been newly mounted, then
the processing proceeds to the next step S204 “assess
processing mode.”

(0093) In S204, it is assessed whether the processing mode
that is presently set in the lens-interchangeable camera 10 is
the “reproduction mode,” the “automatic imaging mode,”
the “manual imaging mode,” or “power switch OFF,” and
processing  branching into a processing routine
corresponding to the respective mode is performed. If the
mode set in the lens-interchangeable camera 10 is the
“manual imaging mode,” then the processing performed by
the information processing means 180 branches to S210
“manual imaging mode.”

(0094) FIG. 5 illustrates the processing routine of the manual
imaging mode.

(0095) In the assessment of S204 illustrated in FIG. 4, if it is
assessed that the mode set in the lens-interchangeable
camera 10 is the “manual imaging mode,” then the
processing branches to S210 “manual imaging mode” and
proceeds to the assessment of the next step S300 “silent
mode?.”

(0096) In S300, the information processing means 180
assesses whether the mode currently set in the lens-
interchangeable camera 10 is the silent mode. The silent
mode is a mode which enables minute positioning for the
driving of the zoom lens unit 131, the focus lens unit 130,
the aperture 133, the shutter 134, the image stabilization
device 135, and the like of the lens barrel 100 that is
mounted, and activates a microstep function (silent mode)
for driving quietly by reducing operating noise.

(0097) In the assessment of S300, if it is assess that the silent
mode has been set, then the processing proceeds to S302
“silent mode set,” and the information processing means 180
reads out a processing routine of microstep firmware and

various numerical information (set parameters such as
constants) which become necessary for activating the silent
mode in the lens barrel 100 from the nonvolatile memory
182 and the like and records them in the work area of the
RAM 184. And then, the silent mode is activated

(0098) The silent mode becomes active in the lens-
interchangeable camera 10 thereafter so that when
performing the driving of the zoom lens unit 131, the focus
lens unit 130, the aperture 133, the shutter 134, the image
stabilization device 135, and the like of the lens barrel 100
that is mounted, the processing routine of the microstep
firmware is used so that minute positioning is possible and
so that operating noise is reduced. When the silent mode
setting processing is complete, the processing proceeds to
the assessment of the next step S310 “macro imaging
mode?.”

(0099) In the assessment of S300, if it is assessed that the
silent mode has not been set, then the processing branches to
S304 “cancel silent mode,” and the information processing
means 180 performs processing to invalidate the function of
the silent mode. As a result, the microsteps are not performed
thereafter when performing the driving of the zoom lens unit
131, the focus lens unit 130, the aperture 133, the shutter
134, the image stabilization device 135, and the like of the
lens barrel 100 that is mounted. When the silent mode
cancelation processing is complete, the processing proceeds
to the assessment of the next step S310 “macro imaging
mode?.”

(0100) Note that if the user has not given an instruction to
install firmware to realize the function of the silent mode in
the previous step S108 (see FIG. 3), then the processing of
S300 is not described in the main loop. This is also true of
the other functions described below.

(0101) In S310, the information processing means 180
assesses whether the imaging mode currently set in the lens-
interchangeable camera 10 has been set to the macro
imaging mode for enabling the capturing of images at close
range.

(0102) In the assessment of S310, if it is assessed that the
mode has been set to the macro mode, then the processing
proceeds to S312 “set macro mode,” and the information
processing means 180 sets the lens barrel 100 that is
currently mounted to the macro mode to enable the control
of the zoom lens unit 131 and the focus lens unit 130 of the
lens barrel 100 that is mounted in accordance with the cam
shape thereof. When the macro mode setting processing is
complete, the processing proceeds to the assessment of the
next step S320 “is there a focus driving instruction?.”
(0103) In the assessment of S310, if it is assessed that the
macro mode has not been set, then the processing branches
to S314 “ cancel macro mode ,” and the information
processing means 180 performs processing to cancel the
setting of the macro mode. The processing then proceeds to
the assessment of the next step S320 “is there a focus driving
instruction?.”
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(0104) In step S320 illustrated in FIG. 5, the information
processing means 180 assesses whether a focus driving
instruction has been inputted via the input means 174 in the
manual focus mode. In the assessment of S320, if it is
assessed that a focus driving instruction has been inputted,
then the processing branches to S322 “focus driving.”
(0105) In S322, the information processing means 180
generates a focus control signal based on the inputted focus
driving instruction and numerical information related to the
driving of the focus lens unit 130 provided in the lens barrel
100, and then outputs an instruction to transmit the signal to
the lens barrel 100 via the lens interface 185.

(0106) Upon receiving the control signal, the information
processing means 140 of the lens barrel 100 outputs a drive
command to the driver 138A for driving the focus lens unit
130. In the driver 138A for driving the focus lens unit 130,
processing is performed to output a control signal based on
the received drive signal to the motor 136A and to acquire a
feedback signal thereof from the encoder 137A so as to
control the motor 136A. As result, focus control is
performed in accordance with the inputted focus driving
instruction.

(0107) In the assessment of S320, if it is assessed that a focus
driving instruction has not been inputted, then the processing
proceeds to the assessment of S330 “is there a zoom driving
instruction?.”

(0108) In the assessment of S320, if the current mode is set
to the autofocus mode, then the processing proceeds to S330
after performing focusing processing automatically.

(0109) Note that when performing focusing processing
automatically, the information processing means 180 first
measures the contrast of the image formed on the imaging
means 150 while shifting the focusing position little by little,
and sets the location at which the contrast of the desired
position in the image (for example, near the center of the
image) is highest to the focusing position.

(0110) In addition, if a distance measuring means for
measuring the distance to the subject is provided in the lens-
interchangeable camera 10, then the focusing position is
adjusted using the measured distance as the focusing
position. Note that in this process, the focusing position may
be corrected based on curvature of field information, and the
image forming position of the subject image may be adjusted
on the basis of the corrected focusing position, or the image
forming position of the subject image may be adjusted by
means of the processing of $394 described below.

(0111) In S330, the information processing means 180
assesses whether a zoom driving instruction has been
inputted via the input means 174. In the assessment of S330,
if it is assessed that a zoom driving instruction has been
inputted, then the processing branches to S332 “zoom
driving.”

(0112) In S332, the information processing means 180
generates a zoom control signal on the basis of the inputted
zoom driving instruction and numerical information related
to the driving of the zoom lens unit 131 provided in the lens
barrel 100, and then outputs an instruction to transmit the
signal to the lens barrel 100 via the lens interface 185.

(0113) Upon receiving the control signal, the information
processing means 140 of the lens barrel 100 outputs a drive
command to the driver 138B for driving the zoom lens unit
131. In the driver 138B for driving the zoom lens unit 131,
processing is performed to output a control signal based on
the received drive signal to the motor 136B and to acquire a
feedback signal thereof from the encoder 137B so as to
control the motor 136B. As a result, zoom control is
performed in accordance with the inputted zoom driving
instruction.

(0114) In the assessment of S330, if it is assessed that a zoom
driving instruction has not been inputted, then the processing
proceeds to the assessment of S340 “is there an aperture
driving instruction?.”

(0115) In S340, the information processing means 180
assesses whether an aperture driving instruction has been
inputted via the input means 174. In the assessment of S340,
if it is assessed that an aperture driving instruction has been
inputted, then the processing branches to S342 “aperture
driving.” The information processing means 180 then
generates an aperture control signal on the basis of the
inputted aperture driving instruction and numerical
information related to the driving of the aperture 133
provided in the lens barrel 100, and then outputs an
instruction to transmit the signal to the lens barrel 100 via
the lens interface 185.

(0116) Upon receiving the control signal, the information
processing means 140 of the lens barrel 100 outputs a drive
command to the driver 138D for driving the aperture 133. In
the driver 138D for driving the aperture 133, process is
performed to output a control signal to the motor 136 on the
basis of the received drive signal, and to acquire a feedback
signal thereof from the encoder 137D so as to control the
motor 136D. As a result, aperture control is performed in
accordance with the inputted aperture driving instruction.
(0117) In the assessment of S340, if it is assessed that an
aperture driving instruction has not been inputted, then the
processing proceeds to the assessment of S350 “is there a
shutter setting instruction?.”

(0118) In S350, the information processing means 180
assesses whether a shutter speed setting instruction has been
inputted via the input means 174. In the assessment of S350,
if it is assessed that a shutter speed setting instruction has
been inputted, then the processing branches to S352 “set
shutter speed,” and the information processing means 180
performs processing to set the exposure time at the time of
imaging on the basis of the inputted shutter speed setting
instruction.

(0119) Note that at the time of imaging, the information
processing means 180 generates a control signal to control
the shutter 134 using the shutter speed or shutter timing that
has been set, and outputs an instruction to transmit the signal
to the lens barrel 100 via the lens interface 185.

(0120) Upon receiving the control signal, the information
processing means 140 of the lens barrel 100 outputs a drive
command to the driver 138E for driving the shutter 134.
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In the driver 138E for driving the shutter 134, processing is
performed to output a control signal based on the received
drive signal to the motor 136E and to acquire a feedback
signal thereof from the encoder 137E so as to control the
motor 136E. As a result, the shutter 134 is controlled in
accordance with the inputted shutter speed or shutter timing
instruction.

(0121) In the assessment of S350, if it is assessed that a
shutter speed setting instruction has not been inputted, then
the processing proceeds to the assessment of S360 “is there
an auxiliary light setting instruction?.”

(0122) In S360, the information processing means 180
assesses whether an instruction to set an auxiliary light
emitting mode has been inputted via the input means 174. In
the assessment of S360, if it is assessed that an instruction to
set an auxiliary light emitting mode has been inputted, then
the processing branches to S362 “auxiliary light setting
processing,” and the information processing means 180
performs processing to set the auxiliary light emitting mode
at the time of imaging on the basis of the inputted instruction
to set the auxiliary light emitting mode. Note that the
auxiliary light emitting mode is a forced light emitting mode,
a forced light emission inhibiting mode, an automatic light
amount adjusted light emitting mode, a red eye prevention
mode, a pre-light emitting mode, an emitted light amount
designation mode, or another light emitting mode.

(0123) Note that at the time of imaging, the information
processing means 180 generates a control signal to control
the light-emitting means 193 with the auxiliary light emitting
mode that is set and outputs the signal to the light emission
control means 194. In addition, if the light-emitting means is
provided in the lens barrel 100, then an instruction to
transmit the generated control signal to the lens barrel 100
via the lens interface 185 is outputted.

(0124) Upon receiving the control signal of the light-
emitting means, the information processing means 140 of the
lens barrel 100 generates and outputs a signal for controlling
light emission to a light emission control means (not
illustrated) provided in the lens barrel. The light emission
control means performs processing to supply electrical
power to the light-emitting means provided in the lens barrel
100 and to perform light emission control for auxiliary light
at the time of imaging.

(0125) In addition, in the assessment of S360, if it is assessed
that an instruction to set auxiliary light has not been inputted,
then the processing proceeds to the next step S390 “image
stabilization processing.”

(0126) In S390, the information processing means 180
generates a control signal for controlling the stabilization of
the subject image in the X-Y biaxial directions on the basis
of the direction and amount of blur of the captured image or
the output value of an orthogonal biaxial rate sensor
according to the results of analyzing the movement of the
image captured by the imaging means 150. An instruction to
transmit the generated control signal to the lens barrel 100
via the lens interface 185 is then outputted.

(0127) Upon receiving the control signal, the information
processing means 140 of the lens barrel 100 outputs a control
command to the driver 138F for driving the image
stabilization device 135. In the driver 138F of the image
stabilization device 135, processing is performed to output a

control signal based on the received control command to the
motor 136F and to acquire a feedback signal thereof from
the encoder 137F so as to control the motor 136F. As aresult,
the optical axis is controlled, and the blur of the subject
image formed on the imaging means 150 is reduced. In
addition, the processing for stabilizing the image may also
be performed on the lens barrel 100 side.

(0128) In the assessment of the next step S392 “release
button ON?,” the information processing means 180
assesses whether a release button (button for instructing
imaging) provided in the input means 174 has been pressed.
If it is assessed that the release button has been pressed by
the user, then the processing proceeds to the next step S394
“imaging processing.”

(0129) If it is assessed that the release button has not been
pressed, then the processing performed by the information
processing means 180 returns to S202.

(0130) Before the release button is pressed, the captured
image is formed on the image formation surface by the focus
lens unit 130, the zoom lens unit 131, and the image
stabilization device 135, and the subject image that is formed
is photoelectrically converted and outputted to the image
processing means 153. The image processing means 153
performs image processing such as correlated double
sampling, amplification, or noise reduction processing on
the image signal so that it can be converted to digital data by
the A/D converter 154.

(0131) The image data that has been converted to digital data
is transferred to the signal processing means 170 in
accordance with a command from the information
processing means 180, and after image processing such as
image white balance, gamma correction, YC conversion,
zoom processing, or pixel count conversion processing is
performed, the data is temporarily stored in a frame memory
171 such as a VRAM.

(0132) The information processing means 180 gives an
instruction to successively transmit the image data stored in
the frame memory 171 to the D/A converter 172, and
displays the data on the display means 168 together with
information such as characters generated from the OSD 169.
(0133) In S394, auxiliary processing such as AE
determination or additional aperture/shutter setting is first
performed on the basis that the release button has been
pressed. In the AE determination, the exposure control of the
manual imaging mode is determined, and if the exposure
deviates excessively, then a warning is displayed or AE
correction is performed manually. Processing is then
performed to generate and output a control signal for the
aperture 133, the shutter 134, and auxiliary light emission.
(0134) Note that if the mode of the lens-interchangeable
camera 10 is set to the autofocus mode, then the focusing
position is corrected on the basis of the curvature of field
information, and the image forming position of the subject
image is adjusted on the basis of the corrected focusing
position.

(0135) When the imaging conditions have been defined, the
information processing means 180 enters imaging
processing and performs processing to record the image data
converted to digital data by the A/D converter 154 in the
RAM 184.
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(0136) When recording an image that has been captured in
the recording medium 177, the images stored in the RAM
184 are successively read out and transferred to the signal
processing means 170, and after image processing such as
image white balance, gamma correction, YC conversion,
zoom processing, and pixel count conversion process is
performed and processing to convert the gradation of each
color and to convert the image size is performed, the data is
transferred to the compression and expansion means 167.
(0137) The image data that was subjected to compression
processing under prescribed conditions by the compression
and expansion means 167 is once again temporarily stored
in a work area for FILE of the RAM 184 on the basis of an
instruction from the information processing means 180.
After the data is then converted to image data for recording,
it is outputted to the recording medium interface 179 and
sequentially recorded on the recording medium 177.

(0138) In addition, the information processing means 180
may request the output of information related to the image
correction values for chromatic aberration of magnification,
distortion aberration, shading or others caused by the
imaging lens, which is used for imaging, to the information
processing means 140 of the lens barrel 100 via the lens
interface 185. As a result, the information processing means
140 of the lens barrel 100 acquires correction values for the
image based on the imaging lens from the recording means
141 and outputs the values to the lens-interchangeable
camera 10 side.

(0139) The information processing means 180 of the lens-
interchangeable camera 10 acquires the correction values via
the electrical contacts provided on the lens mount 151 and
the lens interface 185. The correction values for the image
based on the imaging lens used for imaging associated with
the captured image can then be outputted to the recording
medium 177 via the recording medium interface 179.
(0140) When the processing related to imaging is complete
in S394, the processing performed by the information
processing means 180 returns to S202.

(0141) Note that in the above explanation, the imaging
device according to the present invention was described with
regard to an embodiment in which the imaging device was a
lens-interchangeable camera which forms a subject image on
an imaging means such as a CCD, photoelectrically converts
the image, converts the acquired image to digital data, and
then records or outputs the data, but the present invention is
not limited to the lens-interchangeable camera (digital
camera) described above, and the object of the present
invention can also be achieved with a silver halide camera
which forms, exposes, and records a subject image on silver
halide film.

(0142)

(EFFECT OF THE INVENTION) The lens barrel according to the
present invention is provided with a recording means for
recording curvature of field information peculiar to the
imaging lens, and a transmission means for reading out the
curvature of field information from the recording means and
transmitting the information to a lens-interchangeable
camera, so it becomes possible to adjust the position of a
subject image formed on the imaging means with a lens-

interchangeable camera and to acquire an image having a
wide focusing range.

(0143) The lens-interchangeable camera according to the
present invention comprises a reception means for receiving
curvature of field information peculiar to an imaging lens
provided on a freely attachable and detachable lens barrel, a
focusing position detection means for measuring a contrast
of a subject image to detect a focusing position, a control
signal generation means for correcting the detected focusing
position on the basis of the received curvature of field
information to adjust the focusing position of the subject
image formed by an imaging lens, and a transmission means
for transmitting the generated control signal to the lens
barrel, or a transmitting means for transmitting control
power for adjusting the focusing position to a focusing
position adjustment means provided on the lens barrel on the
basis of the generated control signal, which enables the
acquisition of curvature of field information peculiar to an
imaging lens to adjust the position of a subject image formed
on an imaging means at the time of imaging, thereby
enabling the acquisition of an image with a wide focusing
range as a result.

(BRIEF DESCRIPTION OF THE DRAWINGS)

FIG. 1 is a block diagram of a signal processing system
illustrating the configuration of the lens barrel and the lens-
interchangeable camera according to the present invention.
FIG. 2 is a drawing illustrating the generation of the
curvature of field peculiar to the imaging lens.

FIG. 3 is a flowchart of processing after the power of the
lens-interchangeable camera of the present invention is
turned on.

FIG. 4 is a flowchart of processing of the main loop of the
lens-interchangeable camera according to the present
invention.

FIG. 5 is a flowchart of manual imaging mode processing in
the lens-interchangeable camera according to the present
invention.

(EXPLANATION OF SYMBOLS)

10: Lens-interchangeable camera; 100: lens barrel; 101:
mount: 130: focus lens unit; 131: zoom lens unit; 133:
aperture; 134: shutter; 135: image stabilization device;
136A, 136B, 136D, 136E, 136F: motors; 137A, 137B, 137D,
137E, 137E: encoders; 138A, 138B, 138D, 138E, 138F:
drivers; 140: information processing means; 141: recording
means; 150: imaging means; 151: lens mount; 152: shutter;
153: image processing means; 154: A/D converter; 156:
antenna; 157: transmission and reception means; 162:
communication connector; 163: cradle connector; 167:
compression and expansion means; 168: display means; 169:
OSD; 170: signal processing means; 171: frame memory;
172: D/A converter; 174: input means; 175: 1/O; 177:
recording medium; 178: recording medium mounting part;
179: recording medium interface; 180: information
processing means; 182: nonvolatile memory; 183: ROM;
184: RAM; 185: lens interface; 185A: switch; 190: calendar
clock; 191: power supply; 192: power supply connector;
193: light-emitting means; 194: light emission control
means; 199: bus.
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