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57 ABSTRACT

A camera system includes an interchangeable lens including
an image-pickup optical system, a camera body including an
image sensor, and an adapter attached between the inter-
changeable lens and the camera body. The adapter includes a
lens side mount to which the interchangeable lens is detach-
ably attached, a camera side mount detachably attached to the
camera body, and a tilt-shift unit configured to provide at least
one of a tilt operation and a shift operation. A flange focal
length of the interchangeable lens is longer than a flange focal
length of the camera body. A length of the adapter from the
lens side mount to the camera side mount in an optical axis
direction is equal to or smaller than a difference between the
flange focal length of the interchangeable lens and the flange

G02B 27/64 (2006.01) focal length of the camera body.
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ADAPTER AND CAMERA SYSTEM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an adapter attached
between an interchangeable lens and a camera body, and a
camera system.

[0003] 2. Description of the Related Art

[0004] Conventionally, an adapter has been known as a
component used to connect a camera body and an inter-
changeable lens with each other, when the camera body and
the interchangeable lens have different mount shapes. The
mount shape may be different due to a difference of an image
size (for example, a full size corresponding to 35 mm silver
halide film and an APS-C size smaller than it), or due to a
difference of a flange focal length or a flange back. In general,
an interchangeable lens having an image size smaller than a
sensor size of a camera body cannot be attached to the camera
body.

[0005] The interchangeable lens and adapter may be used
for the shift photography to correct a perspective in photo-
graphing a building, or for the tilt and shift (collectively
referred to as a “tilt-shift” hereinafter) in photographing a
product, a landscape, etc. Japanese Patent Laid-Open No.
(“JP”’) 2000-89284 proposes a tilt-shift adapter configured to
insert an auxiliary optical system, to extend a flange focal
length, and to prevent a shield of an object light flux in a
mount and on an inner surface of a mirror box in a camera.
[0006] The structure of JP 2000-89284 requires the adapter
for the auxiliary optical system, and thus the adapter becomes
complicated, large, and expensive.

SUMMARY OF THE INVENTION

[0007] The present invention provides an adapter and a
camera system, which can have a small configuration and
provide at least one of a shift and a tilt.

[0008] A camera system according to the present invention
includes an interchangeable lens including an image-pickup
optical system configured to form an optical image of an
object, a camera body including an image sensor configured
to photoelectrically convert the optical image of the object
formed by the image-pickup optical system, and an adapter
attached between the interchangeable lens and the camera
body, the adapter including a lens side mount to which the
interchangeable lens is detachably attached, a camera side
mount detachably attached to the camera body, and a tilt-shift
unit configured to provide at least one of a tilt operation and
a shift operation. A flange focal length of the interchangeable
lens is longer than a flange focal length of the camera body. A
length of the adapter from the lens side mount to the camera
side mount in an optical axis direction is equal to or smaller
than a difference between the flange focal length of the inter-
changeable lens and the flange focal length of the camera
body.

[0009] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of a camera system
according to first, second, third, fifth, and sixth embodiments
of the present invention.
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[0011] FIG. 2 is an enlarged side view of an adapter illus-
trated in FIG. 1 according to the first, second, third, fifth, and
sixth embodiments.

[0012] FIG. 3 is a comparative view between an image size
of'an interchangeable lens and a sensor size of a camera body
according to the first embodiment according to the present
invention.

[0013] FIGS. 4A and 4B are schematic side views illustrat-
ing a shift operation of the adapter according to the first,
second, third, fifth, and sixth embodiments of the present
invention.

[0014] FIGS.5A and 5B are schematic top view illustrating
a tilt operation of the adapter according to the first, second,
third, fifth, and sixth embodiments of the present invention.
[0015] FIG. 6 is a flowchart illustrating an image recording
range changing method of the adapter according to the second
embodiment of the present invention.

[0016] FIG. 7 is a flowchart illustrating a shift difference
correcting method according to the third embodiment of the
present invention.

[0017] FIG. 8 is a block diagram of a camera system
according to the fourth embodiment of the present invention.
[0018] FIG. 9 is a flowchart of a shift difference correcting
method according to the fourth embodiment of the present
invention.

[0019] FIG. 10 is a flowchart of a tilt-shift assisting method
according to the fiftth embodiment of the present invention.
[0020] FIG. 11 is a flowchart illustrating an autofocus
method according to the sixth embodiment of the present
invention.

DESCRIPTION OF THE EMBODIMENTS

[0021] A description will be given of embodiments accord-
ing to the present invention with reference to the accompa-
nying drawings.

First Embodiment

[0022] FIG. 1 is a block diagram of a camera system
according to a first embodiment. The camera system includes
an interchangeable lens 100, an adapter 200, and a camera
body 300, and the adapter 200 is arranged between the inter-
changeable lens 100 and the camera body 300. The inter-
changeable lens 100 can be attached to and detached from the
adapter 200, and the adapter 200 can be attached to and
detached from the camera body 300.

[0023] The interchangeable lens 100 is an optical apparatus
that includes an image-pickup optical system configured to
form an optical image of an object. The image-pickup optical
system includes a fixed lens unit 101, a focus lens unit 102, a
diaphragm unit 103, and an image stabilizing lens 104. The
focus lens unit 102 is moved in the optical axis direction by
the focus driver 105 for focusing. The diaphragm unit 103 is
driven by the diaphragm driver 106 so as to adjust a light
quantity incident upon an image sensor 301. The image sta-
bilizing lens 104 is moved in (Y and Z; ) directions) orthogo-
nal to the optical axis by an image stabilization driver 107 so
as to stabilize an image. Herein, moving in the orthogonal
direction is satisfied as long as there is a component orthogo-
nal to the optical axis, and the image stabilizing lens 104 may
be moved obliquely to the optical axis. A lens CPU 108 as a
lens controller controls each of driving by the focus driver
105, driving by the diaphragm driver 106, and driving by the
image stabilization driver 107.
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[0024] The camera body 300 is an image-pickup apparatus
that includes the image sensor 301 configured to photoelec-
trically convert the optical image of the object formed by the
image-pickup optical system. The camera body 300 further
includes a camera CPU 302, a manipulating unit 303, a liquid
crystal display 304, atilt-shift setter 305, a focus detector 306,
a main power source 307, and a mount 308.

[0025] The camera CPU 302 serves as a camera controller
configured to control the entire camera body, and to commu-
nicate data and instructions to and from the adapter 200 and
the interchangeable lens 100. The manipulating unit 303
includes a dial, a switch, and a release button, etc. configured
to change and determine the setting. The liquid crystal display
304 is a display unit configured to display an image captured
by the image sensor 301. The tilt-shift setter 305 can set a
tilt-shift amount and a tilt-shift direction by a tilt-shift unit,
and may be a mechanical unit, such as a dial, or a function
operable on the liquid crystal display 304. The tilt-shift
amount contains a tilt amount and a shift amount.

[0026] The focus detector 306 includes a plurality of focus-
ing units, such as a phase difference AF unit (first autofocus
unit) and a contrast AF unit (second autofocus unit). The
“phase difference AF” is one type of AF that detects a focus-
ing state based on a phase difference between two divided
image signals of an object image, and moves the focus lens
unit 102 as part of the image-pickup optical system in the
optical axis direction based on the focus detection result. The
“contrast AF” is another type of AF that moves the focus lens
unit 102 to a peak position of a high frequency component
(contrast) of an image signal from the image sensor 301
through scanning that changes a focus position formed by the
image-pickup optical system relative to a position of the
image sensor 301. Via a contact block (not illustrated), the
camera body 300 can supply power to and communicate
image-pickup information with the interchangeable lens 100
and the adapter 200.

[0027] FIG.2is anenlarged side view of the adapter 200. In
FIGS.1and 2, a central axis X as the optical axis is orthogonal
to a Yc axis representing an image-pickup plane of the image
sensor 301, and extends from a center Oc of the image sensor
301.

[0028] The adapter 200 includes a lens side mount 201, a
camera side mount 202, an adapter CPU 207, a camera frame
217, a lens frame 218, a tilt-shift unit, a tilt-shift detector, a
lens side contact block 220, and a camera side contact block
221.

[0029] The tilt-shift unit provides at least one (both in this
embodiment) of the tilt operation and the shift operation. The
tilt-shift detector detects the tilt-shift amount and the tilt-shift
direction by the tilt-shift unit.

[0030] The tilt operation by the tilt-shift unit is performed
by a tilt setter 203, a tilt driver 208, a tilter 210, a tilt frame
215, arevolving frame 2174, and a revolving fixed knob 222a4.
The tilt-shift detector configured to detect the tilt-shift
amount (tilt amount) and the tilt-shift direction (tilt direction)
includes a tilt set-amount detector 205, a tilt amount detector
212, and a revolving detector 214.

[0031] The shift operation by the tilt-shift unit is performed
by a shift setter 204, a shift driver 209, a shifter 211, a shift
frame 216, a revolving frame 2175, and a revolving fixed
knob 2225. The tilt-shift detector configured to detect the
tilt-shift amount (shift amount) and the tilt-shift direction
(shift direction) includes a shift set-amount detector 206, a
shift amount detector 213, and a revolving detector 214.
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[0032] Thelens side mount 201 is fixed onto the lens frame
(fixed member) 218 by a screw etc., and the mount 109 of the
interchangeable lens 100 can be attached to and detached
from the lens side mount 201. The lens side contact block 220
is fixed onto the lens side mount 201. The lens side contact
block 220 has a plurality of electric contacts used for com-
munications. Once the interchangeable lens 100 is attached,
lens side contact block 220 is electrically connected to con-
tacts of the interchangeable lens 100 (not illustrated) for the
electric communications with and the power source supply to
the interchangeable lens 100.

[0033] The camera side mount 202 is fixed onto the camera
frame 217 by a screw etc., and can be attached to and detached
from the mount 308 of the camera body 300. The camera side
contact block 221 is fixed onto the camera side mount 202.
The camera side contact block 221 has a plurality of electric
contacts used for communications. Once attached to the cam-
era body 300, camera side contact block 221 is electrically
connected to the contacts (not illustrated) of the camera body
300 for the electric communications with and the power
source supply from the camera body 300.

[0034] The tilt setter 203 sets a tilt amount to be driven by
the tilt driver 208, and the shift setter 204 sets a shift amount
to be driven by the shift driver 209. The set amount set by the
tilt setter 203 is detected by the tilt set-amount detector 205,
and the set amount set by the shift setter 204 is detected by the
shift set-amount detector 206.

[0035] The adapter CPU 207 is an adapter controller that
has a tilt-shift driving control function of the adapter 200, and
can communicate with the interchangeable lens 100 and the
camera body 300. The detected set amounts are output to the
adapter CPU 207. The adapter CPU 207 can send a signal
representative of an instruction from the camera CPU 302, to
the lens CPU 108 when the camera CPU 302 controls a state
of the image-pickup optical system in the interchangeable
lens 100. The adapter CPU 207 can send a signal from the lens
CPU 108 representative of the state of the image-pickup
optical system, to the camera CPU 302. In that case, the
adapter CPU 207 may perform part of control, such as a
calculation, which the lens CPU 108 or the camera CPU 302
performs.

[0036] The adapter CPU 207 communicates with the cam-
era CPU 302, and determines whether the camera CPU 302 is
compatible with the tilt-shift unit. When the camera CPU 302
is compatible with the tilt-shift unit, the adapter CPU 207
makes the camera CPU 302 control the tilt-shift unit. When
the camera CPU 302 is not compatible with the tilt-shift unit,
the adapter CPU 207 may control the tilt-shift unit. Alterna-
tively, the adapter CPU 207 may control the tilt-shift unit
irrespective of whether the camera CPU 302 is compatible
with the tilt-shift unit. In this case, the adapter CPU 207 sends
information of the tilt-shift operation by the tilt-shift unit, to
the camera CPU 302.

[0037] The tilt driver (tilt driver) 208 is a motor or another
actuator configured to drive the tilter 210. The shift driver
(shift driver) 209 is a motor or another actuator configured to
drive the shifter 211. A driving amount (tilt amount) to be
driven by the tilt driver 208 and a driving amount (shift
amount) to be driven by the shift driver 209 may be set by the
tilt-shift setter 305.

[0038] The tilter 210 is configured between the tilt driver
208 and the tilt frame 215, and coupled with them via a gear
(not illustrated) etc. The tilter 210 rotates the tilt frame 215
around one point Oc on the optical axis on a plane that passes
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the optical axis of the image-pickup optical system and is
illustrated in FIGS. 5A and 5B, which will be described later,
relative to the lens side mount 201 of the adapter 200.

[0039] The shifter 211 is configured between the shift
driver 209 and the shift frame 216, and coupled with them via
a gear (not illustrated) etc. The shifter 211 moves the shift
frame 216 in a direction vertical to the optical axis of the
image-pickup optical system as illustrated in FIGS. 4A and
4B, which will be described later, relative to the camera side
mount 202 of the adapter 200.

[0040] The tilt amount detector 212 detects the tilt amount
of the tilt frame 215 of the adapter 200. The shift amount
detector 213 detects the shift amount of the shift frame 216 of
the adapter 200. The detection results detected by the tilt
amount detector 212 and the shift amount detector 213 are
output to the adapter CPU 207.

[0041] The revolving detector 214 detects a revolving
amount, and can detect the tilt-shift direction which changes
when the revolving frames 217a and 2175 are revolved. In
other words, the revolving detector 214 serves as a first revo-
Iution detector configured to detect a revolving amount of the
revolving frame 2174, and as a second revolution detector
configured to detect a revolving amount of the revolving
frame 2175.

[0042] The revolving frame (first revolver) 217q is fixed
onto the tilt frame 215, and can rotate with the tilt frame 215
around the optical axis of the image-pickup optical system. A
first driver configured to revolve the revolving frame 217a
may be further provided, and the tilt-shift setter 305 may set
a revolving amount of the revolving frame 217a to the first
driver.

[0043] The revolving frame (second revolver) 2175 is fixed
onto the shift frame 216, and can rotate with the shift frame
216 around the optical axis of the image-pickup optical sys-
tem. A second driver configured to revolve the revolving
frame 2175 may be further provided, and the tilt-shift setter
305 may set a revolving amount of the revolving frame 2175
to the second driver.

[0044] The revolving frame 2175 is a revolver attached
rotatably around the center axis X relative to the camera frame
217. The shift frame 216 is attached movably relative to the
revolving frame 2175 approximately along the axis Z or in a
depth direction of the paper plane in FIG. 2 which is parallel
to the camera side mount plane. The revolving frame 2174 is
a revolver attached rotatably around the center axis X relative
to the shift frame 216.

[0045] The tilt frame 215 is fixed onto the revolving frame
217a by a screw etc. The tilt frame 215 forms an arc 223
having a center that is approximately located at the rotating
center Oc, as illustrated in FIG. 2, on a section that contains
the optical axis and the Yc¢ axis parallel to and the image-
pickup plane. The lens frame 218 is attached movably relative
to the tilt frame 215 along the arc 223. In other words, the lens
frame 218 can move (or tilt) relative to the camera body 300
approximately around the rotating center Oc.

[0046] Since the revolving frame 21756 is rotatable relative
to the camera frame 217, the shift direction can be arbitrarily
changed. The tilt direction can be simultaneously changed by
revolving the revolving frame 2175, but the tilt direction can
be arbitrarily changed by revolving the revolving frame 217a.
In other words, these two revolving frames 217a and 2175
enable the tilt direction and shift direction to be arbitrarily and
independently set.
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[0047] The lens side mount 201 and the camera side mount
202 have different mount shapes, and the interchangeable
lens 100 having a flange focal length X, longer than a flange
focal length X, of the camera body 300 is attached to the
adapter 200. For example, the interchangeable lens 100 is an
interchangeable lens for a single-lens reflex camera, and the
camera body 300 is a mirror-less camera, but the present
invention is not limited to this configuration.

[0048] The adapter having the conventional tilt-shift unit
has equalized the flange focal lengths of the interchangeable
lens and the camera body using the auxiliary optical system.
On the other hand, this embodiment maintains a length X,
from the lens side mount 201 to the camera side mount 202 of
the adapter 200 in the optical axis direction equal to or smaller
than a difference between a flange focal length X, of the
interchangeable lens 100 and a flange focal length X, of the
camera body 300, i.e., X, =(X,-X,). As illustrated in FIG. 2,
a start point of the length X is an end of the lens side mount
201 on the side of the interchangeable lens 100, or an end
point is an end of the camera side mount 202 on the side of the
camera body 300.

[0049] This embodiment configures the adapter 200 with-
out including the auxiliary optical system in it as in JP 2000-
89284. In other words, the adapter 200 has no optical element
that constitutes the auxiliary optical system. Therefore, the
adapter 200 can be made smaller than the conventional struc-
ture and the entire camera system can also be made smaller.
[0050] The revolving fixed knob 2224 is a first fixer con-
figured to fix the revolving frame 217a that has been revolved.
The revolving fixed knob 2225 is a second fixer configured to
fix the revolving frame 2175 that has been revolved.

[0051] Theadapter CPU 207 sends as target values detected
set-amounts to the tilt driver 208 and the shift driver 209, and
drives the tilter 210 and the shifter 211. By driving the tilter
210 and the shifter 211, the tilt frame 215 tilts and the shift
frame 216 shifts so as to set a focus position to an arbitrary
angle. Thus, even when the interchangeable lens attached to
the camera body 300 via the adapter 200 according to the first
embodiment has no tilt-shift function, a camera system can
provide the tilt-shift photography.

[0052] While this embodiment drives the tilt-shift unit
through the tilt driver 208 and the shift driver 209, these
drivers may omitted by coupling the tilt setter 203 with the tilt
frame 215 and the shift setter 204 with the shift frame 216 via
a gear etc.

[0053] There are two methods of setting a driving amount
to each of'the tilt driver 208 and the shift driver 209. Accord-
ing to the first method, each of the tilt setter 203 and the shift
setter 204 sets the driving amount. According to the second
method, the tilt-shift setter 305 sets the driving amount. In the
second method, the tilt-shift setter 305 sends a tilt amount to
the tilt driver 208 and a shift amount to the shift driver 209.
Hence, even when there is no space to provide a manipulating
unit to the adapter 200 or it is difficult to manipulate such a
manipulating unit, the driving amount can be set on the cam-
era side and the operability improves.

[0054] FIG. 3 is a view that compares an image circle of the
interchangeable lens 100 with a sensor size of the camera
body 300. An “image size” of the interchangeable lens 100 is
arectangle inscribed in the image circle as a circular range in
which the image-pickup optical system in the interchange-
able lens 100 forms the optical image of the object, and the
rectangle has an aspect ratio similar to the image-pickup
plane of the image sensor 301. The “sensor size” is a size of
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the image-pickup plane of the image sensor 301. The sensor
size may be a sensor size of a full size and an APS-C sensor
size 402 smaller than the full size. The image circle of the
interchangeable lens 100 may contain an image circle 403 for
the full size and an image circle for the APS-C image circle.
In this embodiment, the interchangeable lens 100 has an
image size larger than the sensor size of the image sensor 301.
[0055] An image circle 403a illustrated as a circle by a
broken line is an image circle of the interchangeable lens 100
when the interchangeable lens 100 is moved from a Z axis to
a Za axis in the Y direction, and A is a distance from a center
O, of the image circle 403 to a center O, of the image circle
403a. An image circle 4035 illustrated as a circle by a broken
line is an image circle of the interchangeable lens 100 when
the interchangeable lens 100 is moved from a 'Y axis to a Ya
axis in the Z direction, and B is a distance from a center O, of
the image circle 403 to a center O; of the image circle 4035.
[0056] The interchangeable lens 100 having the image
circle 403 of the full size allows the tilt-shift amount by A in
theY direction and B in the Z direction relative to the sensor
size 402 of the APS-C camera. Therefore, the tilt and the shift
are available by attaching the interchangeable lens 100 hav-
ing the image circle having the image size larger than the
sensor size.

[0057] Whenthe image size of the interchangeable lens 100
is equal to or smaller than the sensor size, a light flux is
shielded and does not reach the periphery of the image-
pickup plane due to the tilt-shift, and the peripheral light
quantity lowers. Accordingly, the adapter 200 may have a
mechanical unit, such as a stopper, configured to prevent the
interchangeable lens 100 having an image size smaller than
the sensor size of the camera body 300 from being attached.
As a result, the light shield caused by the tilt-shift can be
prevented. For example, the mount 109 of the interchange-
ablelens 100 has a shape corresponding to the image size, and
the lens side mount 201 of the adapter 200 may not have a
shape that cannot be engaged with the mount of the inter-
changeable lens having the image sensor equal to or smaller
than the sensor size of the image sensor 301.

[0058] Alternatively, an electric unit rather than the
mechanical unit may provide a function of the stopper. For
example, the camera CPU 302 or the adapter CPU 207 deter-
mines, based on the ID of the interchangeable lens 100, the ID
of the camera body 300, etc., whether the interchangeable
lens 100 has an image size larger than the sensor size of the
image sensor 301. When determining that the interchange-
able lens 100 does not have the image size larger than the
sensor size of the image sensor 301, the liquid crystal display
304 may display a message that prompts a detachment of the
interchangeable lens 100 or a message of unavailability of the
tilt or the shift.

[0059] FIG. 4A is a side view illustrating the entire struc-
ture of the camera system. FIG. 4B is a side view of the entire
structure when the adapter 200 is shifted.

[0060] Initially, since a tripod seat 224 is fixed onto the lens
frame 218 of the adapter 200 and the tilt-shift unit is provided
between the lens frame 218 and the camera side mount 202,
the camera body 300 moves in the shift operation. When the
adapter 200 is shifted by Az in the direction orthogonal to the
center axis X, the center of the image sensor of the camera
body shifts by Az from the center axis X to an axis X,, as
illustrated in FIG. 4B. The interchangeable lens for the full
size is larger and heavier for the improved performance than
that for the APS-C, and generally heavier than the camera
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body 300. Therefore, a torque necessary for the shift can be
reduced by moving the camera body in the shift operation.
The torque necessary for the shift can be maintained approxi-
mately constant irrespective of the type of the attached inter-
changeable lens, and thus the operability becomes stable. In
addition, when the electric actuator is used for the shift, the
necessary torque can be estimated to be constant. Therefore,
the actuator does not have to be unnecessarily large, and the
entire camera system can be made smaller.

[0061] FIG. 5A is a top view of the entire structure of the
camera system viewed from the top. FIG. 5B is a top view of
the entire structure viewed from the top when the adapter 200
is tilted. The Y axis is an axis parallel to the image-pickup
plane of the image sensor 301, and is located at the position of
the image sensor 301 on the center axis X.

[0062] Now the adapter 200 is tilted by A8 around the
rotating center Oc or the Z axis as the paper plane depth
direction. Since the tripod is fixed onto the lens frame 218 and
thus the interchangeable lens 100 does not move, the camera
body 300 rotates from the Y axis to the Y, axis and the image
sensor 301 inclines relative to the Y axis by A0. Similar to the
shift, the camera body is moved in the tilt operation and
thereby the torque necessary for the tilt can be reduced.
[0063] Since the rotating center O, of the tilt frame 215 is
provided at the intersection between the center axis X and the
Y axis on the image-pickup plane of the image sensor 301, a
significant change ofthe angle of view can be prevented in the
tilt-shift operation.

[0064] While this embodiment provides two revolving
frames 217a and 21754, three revolving frames may be pro-
vided by providing a revolving frame between the lens frame
and the tilt frame to provide a tilt angle. This configuration
can set a shift direction and a tilt direction, while the inter-
changeable lens is being fixed onto the tripod, and this con-
figuration also arbitrarily set one of the photography with the
camera’s vertical orientation and the photography with the
camera’s horizontal orientation.

[0065] Forasimpler structure, the tripod may be attached to
the adapter at one of positions of 0°, 45°, and 90° around the
center axis X by setting to 0° the position ofthe adapter which
intersects with the Z-axis direction on the lower side of the
adapter. This configuration can arbitrarily set one of the pho-
tography with the camera’s vertical orientation and the pho-
tography with the camera’s horizontal orientation, and
enables the tripod seat for fixing the camera to be adjusted
accordingly.

Second Embodiment

[0066] A second embodiment describes an adapter that
enables the interchangeable lens 100 to be attached, even
when the interchangeable lens 100 has the image size equal to
the sensor size of the camera body 300. The first embodiment
prohibits the attachment of the interchangeable lens 100 to
the adapter 200, when the image size of the interchangeable
lens 100 is equal to the sensor size of the camera body 300, so
as to prevent light shielding caused by the tilt-shift operation.
On the other hand, the second embodiment enables the inter-
changeable lens 100 to be attached to the adapter 200 irre-
spective of the image size of the interchangeable lens 100.
The other structure is similar to that of the first embodiment,
and a description thereof will be omitted.

[0067] FIG. 6 is a flowchart illustrating an image recording
range changing method using the adapter according to the
adapter, and “S” denotes the step. The method illustrated in
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FIG. 6 can be implemented as a program that enables a
computer to execute each step. In this embodiment, each step
is executed by the camera CPU 302, but the adapter CPU 207
may execute it.

[0068] In S001, the camera CPU 302 detects an attachment
of' the interchangeable lens 100 via the adapter 200. In S002,
the camera CPU 302 obtains ID (identification information)
of the interchangeable lens 100 via the adapter 200. In S003,
the camera CPU 302 obtains image size information of the
interchangeable lens 100 from the lens information corre-
sponding to the lens ID using a data table in the camera body
300 or the adapter 200.

[0069] In S004, the camera CPU 302 obtains sensor size
information of the camera body 300. In S005, when the cam-
era CPU 302 determines that the image size of the inter-
changeable lens 100 is equal to the sensor size of the camera
body 300, the flow moves to S006. Otherwise, the flow moves
to S008.

[0070] InS006,the camera CPU 302 changes a liquid crys-
tal display range on the liquid crystal display 304 used to
display an obtained image obtained from the image sensor
301 to a range in which the light is not shielded by the tilt-shift
operation. In other words, the camera CPU 302 generates a
signal to reduce an image pickup area of the image sensor 301
s0 as to make available the tilt-shift by the tilt-shift unit, when
the image size of the interchangeable lens 100 is equal to the
sensor size of the image sensor 301.

[0071] In S007, the camera CPU 302 changes the image
recording range for the obtained image to the range in which
the light is not shielded by the filt-shift operation. The
changed range for the obtained image may be automatically
selected by the camera side or the changed range may be set
by the user.

[0072] In S008, the flow moves to the image pickup mode.
[0073] The above function does not use the light shielded
range caused by the tilt-shift operation and can maintain the
photography without a sense of discomfort, even when the
image size of the interchangeable lens 100 and the sensor size
of the camera body 300 are equivalent with each other. In
addition, since the interchangeable lens 100 can be attached
to the adapter 200 irrespective of the image size, a camera
system is applicable to more types of camera bodies 300 and
interchangeable lenses 100.

Third Embodiment

[0074] When the rotating center of the tilt frame of the
adapter 200 is not located on the image-pickup plane of the
camera body 300, the focus position may shift in the shift
direction relative to the image-pickup plane of the camera
body 300 as the adapter 200 is tilted. This embodiment will
discuss an adapter configured to reduce a shift difference
caused by the tilt-shift operation. The entire structure of the
camera system according to this embodiment is similar to that
of the first or second embodiment.

[0075] FIG. 7 is a flowchart illustrating a shift difference
correcting method according to a third embodiment, and “S”
denotes the step. The method illustrated in FIG. 7 can be
implemented as a program that enables a computer to execute
each step. While the camera CPU 302 executes each step in
this embodiment, the adapter CPU 207 may execute each
step.

[0076] The camera CPU 302 starts an image pickup mode
in S101, and obtains ID of the interchangeable lens 100 via
the adapter 200 in S102. In S103, the camera CPU 302 obtains
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lens information corresponding to the lens ID based on a data
table in the camera body 300 or the adapter 200. In S104, the
camera CPU 302 determines, based on the obtained lens
information, whether the interchangeable lens 100 includes
the image stabilizing lens 104. When the interchangeable lens
100 does not include the image stabilizing lens 104, the flow
returns to S101, and when the interchangeable lens 100
includes the image stabilizing lens 104, the flow moves to
S105.

[0077] InS105, the tilt-shift amount and the tilt-shift direc-
tion are detected by the tilt amount detector 212, the shift
amount detector 213, and the revolving detector 214. In S106,
when the tilt-shift amount is 0, the flow moves to S001, and
when the tilt-shift amount is not 0, the flow moves to S107.
The camera CPU 302 calculates the shift difference amount
based on the tilt-shift amount and tilt-shift direction in S107.
In S108, the camera CPU 302 calculates the correction value
of the driving amount of the image stabilizing lens 104 to
correct the shift difference amount, and sends the correction
value to the interchangeable lens 100 so as to drive the image
stabilizing lens 104 by the correction value. Then, the flow
moves to the image pickup mode in S101.

[0078] This embodiment calculates a correction value for
the shift difference amount caused by the tilt-shift operation
of the adapter 200, using the detected value detected by the
tilt-shift detector. The correction value is sent to the inter-
changeable lens 100 via the adapter 200 in order to drive the
image stabilizing lens 104 and to prevent a movement of the
image-pickup plane and a change of the angle of view. Since
it is unnecessary to adjust a composition after the tilt-shift
operation, the operability improves.

Fourth Embodiment

[0079] Similar to the third embodiment, this embodiment
reduces a shift difference caused by the tilt-shift. FIG. 8 is a
block diagram of a camera system according to a fourth
embodiment. This embodiment drives the image sensor 301
instead of driving the image stabilizing lens 104.

[0080] The camera body 300 has an image sensor driver
309 configured to move the image sensor 301 in the Yc and Zc
directions orthogonal to the center axis X. This configuration
provides an image stabilizer configured to stabilize an image.
The other entire structure is similar to that in the third embodi-
ment, and a description thereof will be omitted.

[0081] FIG. 9 is a flowchart illustrating a shift difference
correcting method according to the fourth embodiment, and
“S” denotes the step. The method illustrated in FIG. 9 can be
implemented as a program that enables a computer to execute
each step. While the camera CPU 302 executes each step in
this embodiment, the adapter CPU 207 may execute each
step.

[0082] The camera CPU 302 starts an image pickup mode
in S201, and obtains ID of the camera body 300 in S202. In
S203, the camera CPU 302 obtains camera information cor-
responding to the camera ID from the camera data table in the
camera body 300. In S204, the camera CPU 302 determines
whether the camera body 300 includes an image stabilizer
based on the obtained camera information. When the camera
body 300 does not include the image stabilizer, the flow
returns to S201, and when the camera body 300 includes the
image stabilizer, the flow moves to S205.

[0083] InS205, the tilt-shift amount and the tilt-shift direc-
tion are detected by the tilt amount detector 212, the shift
amount detector 213, and the revolving detector 214. In S206,
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when the tilt-shift amount is 0, the flow moves to S201, and
when the tilt-shift amount is not 0, the flow moves to S207. In
S207, the camera CPU 302 calculates a shift difference
amount based on the tilt-shift amount and tilt-shift direction.
In S208, the camera CPU 302 calculates the correction value
of the driving amount of the image sensor 301 to correct the
shift difference amount, and sends the correction value to the
image sensor driver 309 so as to drive the image sensor 301 by
the correction value in S209. Then, the flow moves to the
image pickup mode in S201.

[0084] This embodiment calculates a correction value for
the shift difference amount caused in the tilt-shift operation of
the adapter 200, using the detected value detected by the
tilt-shift detector. The correction value is sent to the image
sensor driver 309 to drive the image sensor 301 and to prevent
a movement of the image-pickup plane and a change of the
angle of view. Therefore, similar to the third embodiment, it is
unnecessary to adjust a composition after the tilt-shift opera-
tion, and thus the operability improves.

Fifth Embodiment

[0085] This embodiment provides a camera system that can
provide assisting information of the tilt-shift photography to
a user who is unfamiliar with the tilt-shift photography. The
camera system according to this embodiment is similar to that
of the first or second embodiment.

[0086] FIG. 10 is a flowchart illustrating a tilt-shift assist-
ing method according to the fifth embodiment, and “S”
denotes the step. The method illustrated in FIG. 10 can be
implemented as a program that enables a computer to execute
each step. While the camera CPU 302 executes each step in
this embodiment, the adapter CPU 207 may execute each
step.

[0087] In S301, in response to the user’s manipulation at
the manipulating unit 303, the camera CPU 302 runs a simu-
lation mode. In S302, the camera CPU 302 takes in a refer-
ence image for the simulation. In S303, the tilt-shift setter 305
sets a virtual tilt-shift amount and a virtual tilt-shift direction.
In S304, the camera CPU 302 simulates a tilted and/or shifted
image based on the set value.

[0088] InS305,thecamera CPU 302 displays the simulated
result on the liquid crystal display 304. In S306, when deter-
mining that the desired image is obtained, the user selects the
image on the manipulating unit 303, and thereby the flow
moves to S307. The user who is not satisfied with the image,
the flow returns to S303, and resets the image.

[0089] In S307, the camera CPU 302 sets the tilt-shift
amount and tilt-shift direction of the selected image to the
target values. In S308, the camera CPU 302 sends the adapter
200 for the tilt-shift up to the target value. In S309, the camera
CPU 302 detects the actual tilt amount and the actual shift
amount using the tilt amount detector 212 and shift amount
detector 213 in the adapter 200. The camera CPU 302 runs the
image pickup mode in S311 when determining that the
detected value is (approximately) equal to the target value in
S310, and executes at least one of the tilt and the shift again
when determining that the detected value has not yet been
(approximately) equal to the target value.

[0090] This embodiment can friendly provide the tilt-shift
photography even to a user who first uses the tilt-shift lens.
This embodiment previously sets a target value and displays
an image that matches the target value. Alternatively, the
camera body 300 may provide some captured examples and
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drive the adapter 200 by the tilt-shift operation corresponding
to the captured example selected the manipulating unit 303 in
the camera body 300.

Sixth Embodiment

[0091] Since the interchangeable lens 100 that can provide
the conventional tilt-shift photography does not have an auto-
focus function, the manual focus has been necessary for
focusing. On the other hand, this embodiment makes the
tilt-shift unit and the AF unit of different components and the
adapter 200 has a communication function. Therefore, a tar-
getmay be autofocused. Nevertheless, in comparison with the
normal photography, an incident light path changes in the
tilt-shift photography. It is thus necessary to correct informa-
tion for the phase difference AF, and the AF becomes difficult.

[0092] This embodiment relates to a camera system that
can smoothly detect a focusing state even in the tilt-shift
photography, and may use the camera system according to the
first or second embodiment.

[0093] FIG. 11 is a flowchart illustrating an autofocus
method according to the sixth embodiment, and “S” denotes
the step. The method illustrated in FIG. 11 can be imple-
mented as a program that enables a computer to execute each
step. While the camera CPU 302 executes each step in this
embodiment, the adapter CPU 207 may execute each step.

[0094] In S401, the interchangeable lens 100 is attached to
the camera body 300 via the adapter 200. In S402, the camera
CPU 302 sets a phase difterent AF (first autofocus unit) to the
focus detector 306 in the camera body 300. In S403, the
camera CPU 302 determines whether or not the attached
adapter is compatible with the tilt-shift operation. When it is
compatible with the tilt-shift operation, the flow moves to
S404, and when it is incompatible, the flow moves to S407.

[0095] In S404, the camera CPU 302 communicates with
the adapter CPU 207, and obtains the tilt amount and the shift
amount of the adapter 200. In S405, the camera CPU 302
determines whether it has provided the tilt-shift operation
based on determining whether the tilt-shift amount of the
adapter 200 is 0. Unless the tilt-shift amount is 0, the flow
moves to S406, and when the tilt-shift amount is 0, the flow
moves to S407 because the phase difference AF is available.
In S406, the camera CPU 302 sets the contrast AF (second
autofocus unit) to the focus detector of the camera body 300
and in S407, the flow moves to a standby mode.

[0096] The phase difference AF has difficulty in obtaining
stable focusing in the tilt-shift operation because the focal
plane fluctuates unlike the normal photography, whereas the
contrast AF can obtain stable focusing irrespective of whether
the tilt-shift operation is being performed because the con-
trast AF relies upon the peak value of the image. This embodi-
ment can smoothly provide the in-focus state with the proper
AF function in the tilt-shift photography. While this embodi-
ment uses the contrast AF, another focusing unit may be set as
long as it is advantageous in the focusing precision and focus-
ing velocity in the tilt-shift photography.

Seventh Embodiment

[0097] While the sixth embodiment describes the autofo-
cusing method using the adapter, a lens focusable distance
may change due to the tilt-shift amount. FIG. 5B illustrates
that the image sensor 301 inclines to the Y axis by A8, and the
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lower side of the image-pickup plane is separated from the
lens. Thus, a defocus range on the infinity may occur depend-
ing upon an amount of AQ.

[0098] A user usually designates a focus target point with
an AF frame in the contrast AF. In the above case, the adapter
200 uses a detected value detected by the tilt-shift detector to
calculate a focusable range on the infinity. The calculation
result is sent to the camera CPU 302, and the camera CPU 302
invalidates the AF frame in the range that cannot be focused
on the infinity. Alternatively, the camera CPU 302 may
inform the user of the range that cannot be focused on the
infinity.

[0099] Alternatively, the lens AF driving range may be
changed based on the detected value detected by the tilt-shift
detector. In this control, the lower side of the image-pickup
plane is not focused on the infinity, whereas an object on the
short distance side may be focused in the focus driving range
in the interchangeable lens. In that case, focusing may occur
beyond a range in which the lens performance is guaranteed.
Thus, the AF driving range in which the lens performance is
guaranteed may be calculated based on the detected tilt-shift
amount and a set value of the AF point, and the AF search
range may be changed. This configuration can prevent unin-
tentional focusing on an object with an image pickup distance
and useless driving in a defocus range, guarantee the lens
performance, and accelerate AF operation.

[0100] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0101] The present invention relates to a camera system
that includes an interchangeable lens, a camera body, and an
adapter attached between them, and an adapter.

[0102] The present invention can provide an adapter and a
camera system, which can have a small configuration and
provide at least one of a shift and a tilt.

[0103] This application claims the benefit of Japanese
Patent Application No. 2014-030655, filed Feb. 20, 2014,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:
1. A camera system comprising:

an interchangeable lens including an image-pickup optical
system configured to form an optical image of an object;

a camera body including an image sensor configured to
photoelectrically convert the optical image of the object
formed by the image-pickup optical system; and

an adapter attached between the interchangeable lens and
the camera body, the adapter including a lens side mount
to which the interchangeable lens is detachably
attached, a camera side mount detachably attached to the
camera body, and a tilt-shift unit configured to provide at
least one of a tilt operation and a shift operation,

wherein a flange focal length of the interchangeable lens is
longer than a flange focal length of the camera body, and

wherein a length of the adapter from the lens side mount to
the camera side mount in an optical axis direction is
equal to or smaller than a difference between the flange
focal length of the interchangeable lens and the flange
focal length of the camera body.
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2. The camera system according to claim 1, wherein the
interchangeable lens has an image size larger a sensor size of
the image sensor in the camera body.

3. The camera system according to claim 1, wherein the
tilt-shift unit includes:

a tilt frame; and

a tilter configured to rotate the tilt frame relative to the lens
side mount of the adapter around one point on an optical
axis on a plane that passes the optical axis of the image-
pickup optical system;

a tilt amount detector configured to detect a tilt amount of
the tilt frame by the tilter;

a shift frame;

a shifter configured to move the shift frame in a direction
orthogonal to the optical axis of the image-pickup opti-
cal system relative to the camera side mount of the
adapter; and

a shift amount detector configured to detect a shift amount
of the shift frame by the shifter.

4. The camera system according to claim 3, wherein the
tilt-shift unit further includes a tilt driver configured to drive
the tilter, and a shift driver configured to drive the shifter.

5. The camera system according to claim 4, wherein the
tilt-shift unit further includes a tilt amount setter configured to
set the tilt amount to be driven by the tilt driver, and a shift
amount setter configured to set the shift amount to be driven
by the shift driver.

6. The camera system according to claim 5, wherein the
camera body further includes a tilt-shift setter configured to
set a tilt-shift amount and a tilt-shift direction by the tilt-shift
unit, and

wherein the tilt-shift setter sets the tilt amount to the tilt
driver and the shift amount to the shift driver.

7. The camera system according to claim 3, wherein the

tilt-shift unit further includes:

a first revolver that is fixed onto the tilt frame and can
revolve with the tilt frame around the optical axis of the
image-pickup optical system; and

a second revolver that is fixed onto the shift frame and can
revolve with the shift frame around the optical axis ofthe
image-pickup optical system.

8. The camera system according to claim 7, further com-
prising a first fixer configured to fix the first revolver, and a
second fixer configured to fix the second revolver.

9. The camera system according to claim 8, further com-
prising a first revolution detector configured to detect a
revolving amount of the first revolver, and a second revolution
detector configured to detect a revolving amount of the sec-
ond revolver.

10. The camera system according to claim 3, further com-
prising a first driver configured to revolve the first revolver,
and a second driver configured to revolve the second revolver.

11. The camera system according to claim 10, wherein the
camera body further includes a tilt-shift setter configured to
set a tilt-shift amount and a tilt-shift direction by the tilt-shift
unit, and

wherein the tilt-shift setter sets a revolving amount of the
first revolver to the first driver and a revolving amount of
the second revolver to the second driver.

12. The camera system according to claim 1, wherein the
interchangeable lens includes a mount that has a shape cor-
responding to an image size, and is attachable to and detach-
able from the lens side mount of the adapter, and
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wherein the lens side mount of the adapter has a shape that
is not engaged with the mount of the interchangeable
lens having the image size equal to or smaller than a
sensor size of the image sensor of the camera body.

13. The camera system according to claim 1, wherein the
camera body further includes a camera controller and a dis-
play unit, and the adapter further includes an adapter control-
ler, and

wherein the adapter controller or the camera controller
instructs the display unit to display a message that
prompts a detachment of the interchangeable lens or a
message that none of the tilt operation and the shift
operation by the tilt-shift unit is available, unless the
interchangeable lens has an image size larger than a
sensor size of the image sensor of the camera body.

14. The camera system according to claim 1, wherein the
adapter further includes a fixed member onto which the lens
side mount is attached,

wherein the camera system further includes a tripod seat
fixed onto the fixed member, and

wherein the tilt-shift unit is provided between the fixed
member and the camera side mount.

15. The camera system according to claim 1, further com-
prising a controller configured to generate a signal to reduce
an image pickup area of the image sensor so as to make
available a tilt-shift operation by the tilt-shift unit, when an
image size of the interchangeable lens is equal to a sensor size
of the image sensor of the camera body.

16. The camera system according to claim 1, wherein the
interchangeable lens further includes an image stabilizing
lens thatis movable in a direction orthogonal to an optical axis
of the image-pickup optical system, and

wherein the camera system further includes a controller
configured to calculate a correction value to correct a
shift difference amount caused by a tilt-shift operation
of the tilt-shift unit, and to send the correction value to
the interchangeable lens.

17. The camera system according to claim 1, wherein the
camera body further includes an image sensor driver config-
ured to drive the image sensor in a direction orthogonal to an
optical axis of the image-pickup optical system, and

wherein the camera system further includes a controller
configured to calculate a correction value to correct a
shift difference amount caused by a tilt-shift operation
of the tilt-shift unit, and to send the correction value to
the image sensor driver.

18. The camera system according to claim 1, wherein the
camera body further includes:

a tilt-shift setter configured to set a tilt-shift amount and a

tilt-shift direction by the tilt-shift unit;

acamera controller configured to simulate an image after a
tilt-shift operation set by the tilt-shift setter; and

a display unit configured to display a result simulated by
the camera controller.

19. The camera system according to claim 18, wherein the
camera controller sends a signal to drive the tilt-shift unit by
the tilt-shift amount in the tilt-shift direction used for a simu-
lation.

20. The camera system according to claim 1, wherein the
camera body further includes:

a first autofocus unit configured to detect a focusing state
based on a phase difference between two divided image
signals of an object image and to move part of the image-
pickup optical system in the optical axis direction;
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a second autofocus unit configured to detect the focusing
state based on a high frequency component of an image
signal from the image sensor and to move the part of the
image-pickup optical system in the optical axis direc-
tion; and

a camera controller configured to provide autofocus using
the first autofocus unit when a tilt-shift amount by the
tilt-shift unit is 0 and using the second autofocus unit
when the tilt-shift amount by the tilt-shift unit is not O.

21. The camera system according to claim 1, wherein the

camera body further includes a camera controller, and the
adapter further includes an adapter controller, and

wherein the adapter controller communicates with the
camera controller and determines whether the camera
controller is compatible with the tilt-shift unit, the
adapter controller making the camera controller control
the tilt-shift unit when the camera controller is compat-
ible with the tilt-shift unit, and the adapter controller
controlling the tilt-shift unit when the camera controller
is not compatible with the tilt-shift unit.

22. The camera system according to claim 1, wherein the
camera body further includes a camera controller, and the
adapter further includes an adapter controller, and

wherein the adapter controller controls the tilt-shift unit
irrespective of whether the camera controller is compat-
ible with the tilt-shift unit, and the adapter sends infor-
mation of a tilt-shift operation by the tilt-shift unit to the
camera controller.

23. The camera system according to claim 1, wherein the
camera body further includes a camera controller, the adapter
further includes an adapter controller, and the interchange-
able lens includes a lens controller, and

wherein when the camera controller controls a state of the
image-pickup optical system of the interchangeable
lens, the adapter controller sends a signal representative
of an instruction from the camera controller to the lens
controller, and sends a signal representative of the state
of the image-pickup optical system from the lens con-
troller to the camera controller.

24. The camera system according to claim 1, wherein the
adapter further includes:

a detector configured to detect at least one of a tilt amount
and a shift amount; and

a controller configured to generate information based on a
detection result by the detector, independent of the cam-
era body and the interchangeable lens, and to send the
information to one of the camera body and the inter-
changeable lens.

25. The camera system according to claim 1, wherein the
adapter further includes:

a detector configured to detect at least one of a tilt amount
and a shift amount; and

a controller configured to generate, based on a detection
result by the detector and camera information sent from
the camera body to the interchangeable lens, other infor-
mation different from the camera information, and to
send the other information to the interchangeable lens.

26. The camera system according to claim 1, wherein the
adapter further includes:
a detector configured to detect at least one of a tilt amount
and a shift amount; and
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a controller configured to generate, based on a detection
result by the detector and lens information sent from the
interchangeable lens to the camera body, other informa-
tion different from the lens information, and to send the
other information to the camera body.

27. An adapter attached between an interchangeable lens
and a camera body, the interchangeable lens including an
image-pickup optical system configured to image an optical
system of an object, and the camera body including an image
sensor configured to photoelectrically convert the optical
image of the object formed by the image-pickup optical sys-
tem, the adapter comprising:

a lens side mount to which the interchangeable lens is

detachably attached;

a camera side mount detachably attached to the camera
body; and

a tilt-shift unit configured to provide at least one of a tilt
operation and a shift operation,

wherein a flange focal length of the interchangeable lens is
longer than a flange focal length of the camera body, and

wherein a length of the adapter from the lens side mount to
the camera side mount in an optical axis direction is
equal to or smaller than a difference between the flange
focal length of the interchangeable lens and the flange
focal length of the camera body.
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28. The adapter according to claim 27, further comprising:

a detector configured to detect at least one of a tilt amount
and a shift amount; and

a controller configured to generate information based on a
detection result by the detector, independent of the cam-
era body and the interchangeable lens, and to send the
information to one of the camera body and the inter-
changeable lens.

29. The adapter according to claim 27, further comprising:

a detector configured to detect at least one of a tilt amount
and a shift amount; and

a controller configured to generate, based on a detection
result by the detector and camera information sent from
the camera body to the interchangeable lens, other infor-
mation different from the camera information, and to
send the other information to the interchangeable lens.

30. The adapter according to claim 27, further comprising:

a detector configured to detect at least one of a tilt amount
and a shift amount; and

a controller configured to generate, based on a detection
result by the detector and lens information sent from the
interchangeable lens to the camera body, other informa-
tion different from the lens information, and to send the
other information to the camera body.
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