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in a state of permitting the operation ofthe operation member,
and giving a response to the camera main body in a form of
operating the driving unit according to the diaphragm driving
command.
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INTERCHANGEABLE LENS AND CAMERA
LENS SYSTEM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an interchangeable
lens including a diaphragm operation member, and a camera
lens system including the interchangeable lens.

[0003] 2. Description of the Related Art

[0004] Conventionally, as a diaphragm control system of a
lens attached to a lens interchangeable camera, for example,
there is a system in which a camera side transmits a desired
diaphragm driving amount to the lens by a communication
unit, and the lens drives a diaphragm by the received driving
amount to control a light amount. To improve operability
during moving image capturing, there is a system which
includes an electronically-controllable diaphragm operation
member on a lens side, and enables the lens side to instruct a
diaphragm driving amount.

[0005] Japanese Patent Application Laid-Open No.
06-186626 discusses a configuration in which a diaphragm
operation member of a lens side can control a diaphragm
when a diaphragm operation switch of the lens side is in an
operation permitted state.

[0006] Japanese Patent Application Laid-Open No. 2009-
53599 discusses a system in which a camera determines
whether a lens includes a diaphragm operation member and,
when the lens includes the diaphragm operation member,
allows selection as to which of diaphragm operation members
of'a camera side and a lens side is preferentially used.
[0007] However, in the technique discussed above, a case
where the camera includes no unit to determine whether the
lens side has a diaphragm operation member is not referred to.
In the technique discussed in Japanese Patent Application
Laid-Open No. 2009-53599, the camera uses exclusive com-
munication function to determine whether the lens side
includes a diaphragm operation member.

[0008] However, depending on a difference in release time
of cameras, the camera may not include such exclusive com-
munication function. When a lens equipped with a diaphragm
operation member is loaded on the camera having no exclu-
sive communication function, the camera side cannot deter-
mine whether the lens includes the diaphragm operation
member.

[0009] Inthis case, when the diaphragm operation member
of the lens side is operated while an operation of the dia-
phragm operation member is permitted, the camera side
receives information on a diaphragm operation from the lens
side irrespective of no command issued to operate a dia-
phragm. The camera side may then determine that the lens
side is performing an operation different from that by a com-
mand of the camera side, and stop the system.

SUMMARY OF THE INVENTION

[0010] According to an aspect of the present invention, an
interchangeable lens includes a diaphragm, a driving unit
configured to drive the diaphragm, an operation member con-
figured to set an aperture value of the diaphragm, a switching
unit configured to switch an operation of the operation mem-
ber between permission and inhibition, and a control unit
configured to operate, while the interchangeable lens is
loaded on a camera main body which includes no unit to
recognize information on the aperture value set by the opera-
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tion member, the driving unit according to a diaphragm driv-
ing command from the camera main body when the switching
unit is in a state of inhibiting the operation of the operation
member, operate the driving unit according to the aperture
value set by the operation member when the switching unit is
in a state of permitting the operation ofthe operation member,
and give a response to the camera main body in a form of
operating the driving unit according to the diaphragm driving
command.

[0011] Further features and aspects of the present invention
will become apparent from the following detailed description
of exemplary embodiments with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the inven-
tion and, together with the description, serve to explain the
principles of the invention.

[0013] FIG. 1 is a block diagram illustrating a camera lens
system according to an exemplary embodiment of the present
invention.

[0014] FIG. 2 illustrates the entire camera lens system
according to the exemplary embodiment of the present inven-
tion.

[0015] FIG. 3 is a top view illustrating the camera lens
system according to the exemplary embodiment of the
present invention.

[0016] FIG. 4 is a flowchart illustrating an operation when
a lens is attached to a camera which has exclusive communi-
cation function according to the exemplary embodiment of
the present invention.

[0017] FIG. 5is a flowchart illustrating an operation when
the lens is attached to a camera main body which has no
exclusive communication function according to the exem-
plary embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0018] Various exemplary embodiments, features, and
aspects of the invention will be described in detail below with
reference to the drawings.

[0019] FIG. 2 illustrates an entire camera lens system
according to an exemplary embodiment of the present inven-
tion. The camera lens system includes a camera main body
101 and a lens 102 removable from the camera main body
101. The lens 102 includes a focus ring 130 for focusing, a
zoom ring 131 for zooming, a diaphragm ring 132 (operation
member) for operating a diaphragm, and a diaphragm switch
129 (switching unit) for selecting permission/inhibition of an
operation of the diaphragm ring 132.

[0020] FIG. 3 is a top view of the camera lens system
illustrated in FIG. 2. On the top surface of the camera main
body 101, there are a release button 301, an exposure value
setting dial 302 for changing an exposure value, an exposure
mode setting dial 303 for changing an exposure mode of the
camera, and a switching button 304 for switching a mode of
the camera between a moving image mode and a still image
mode.

[0021] Concerning the exposure mode of the camera, there
are a manual mode (M) in which a user determines an aperture
value and a shutter speed, and a program mode (P) in which
the camera automatically determines an aperture value and a
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shutter speed. There are also a shutter speed priority mode (T)
in which the user determines a shutter speed and the camera
determines an aperture value, and a diaphragm priority mode
(A) in which the user determines an aperture value and the
camera determines a shutter speed to achieve appropriate
exposure.

[0022] These modes can be selected by rotating the expo-
sure mode setting dial 303. Rotating the exposure value set-
ting dial 302 enables changing of an exposure value such as an
aperture value or a shutter speed.

[0023] FIG.1is ablock diagram of the camera lens system
illustrated in FIG. 2. The camera main body 101 includes an
electric circuit 103. The electric circuit 103 includes a light
metering unit 104 for measuring an amount of light transmit-
ted through a photographing optical system of the lens 102,
and a focus detection unit 105 for detecting (detecting focus)
a focus adjustment state of the photographing optical system.
The electric circuit 103 further includes a shutter 106 for
controlling exposure time of an image sensor (not illustrated).
[0024] The camera main body 101 includes a camera micro
processing unit (MPU) 107 for performing various control
operations of the camera main body 101. The camera MPU
107 includes a random access memory (RAM) 127, which is
a volatile memory for storing data. The camera main body
101 further includes a power source 110, which supplies
power to the lens 102.

[0025] The lens 102 includes a diaphragm 122, a zooming
lens 123, and a focusing lens 124. A zoom brush 112 slides, to
detect a position of the zooming lens 123, on a resistor (not
illustrated) according to the movement of the zooming lens
123, and outputs a signal of a voltage value corresponding to
the position of the zooming lens 123.

[0026] A focus brush 113 slides, to detect a position of the
focusing lens 124, on the resistor (not illustrated) according to
the movement of the focusing lens 124, and outputs a signal of
a voltage value corresponding to the position of the focusing
lens 124. A diaphragm pulse generator 114 generates a pulse
signal according to a rotation operation of the diaphragm ring
132.

[0027] An electric circuit 111 in the lens includes a camera
communication circuit 116 for performing serial communi-
cation with the camera main body 101, and a lens MPU 115
(control unit) for performing various control operations of the
lens 102. The electric circuit 111 includes a lens driving unit
117 for controlling, according to a control signal from the lens
MPU 115, driving of a focus driving motor 118 for driving the
focusing lens 124.

[0028] The electric circuit 111 further includes a dia-
phragm driving unit 119 for controlling, according to the
control signal from the lens MPU 115, driving of a diaphragm
driving motor 120 (driving unit) for driving the diaphragm
122. For example, a two-phase pulse motor is used for the
diaphragm driving motor 120.

[0029] The lens 102 includes a focus pulse generator 121
for outputting a pulse signal according to the movement of the
focusing lens 124. The lens MPU 115 includes an electri-
cally-rewritable Flash read-only memory (ROM) 128 for
storing firmware, which is a control program necessary for
operating the lens 102.

[0030] Next, referring to flowcharts in FIGS. 4 and 5, a
detailed operation is described.

[0031] A diaphragm ring exclusive command is a com-
mand which the lens 102 having a diaphragm ring can trans-
mit. The lens 102 refers to an ID of the camera main body 101
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to determine whether the diaphragm ring exclusive command
is receivable. The diaphragm ring exclusive command is
1-byte communication data, and an upper 1 bit is a diaphragm
ring operation permission flag indicating a diaphragm ring
operation state, and lower 7 bits represent an aperture value
determined based on an operation amount of the diaphragm
ring.

[0032] First, referring to a flowchart in FIG. 4, operations of
the lens 102 side and the camera main body 101 side when the
cameral main body 101 can receive the diaphragm ring exclu-
sive command, are described.

(Lens Side Operation)

[0033] When the diaphragm switch 129 is set to permit an
operation of the diaphragm ring 132 (YES in step S401), in
step S401a, the diaphragm ring operation permission flag is
set to ON, and the processing proceeds to step S402. When the
diaphragm switch 129 is set to inhibit the operation (NO in
step S401), in step S4015, the diaphragm ring operation per-
mission flag is set to OFF, and the processing proceeds to step
S403.

[0034] In step S402, the pulse generator 114 generates
pulses according to an operation amount of the diaphragm
ring 132. The lens MPU 115 detects the operation amount of
the diaphragm ring 132 by counting the number of generated
pulses, and determines a diaphragm setting value according
to the detected operation amount.

[0035] In step S403, the diaphragm ring exclusive com-
mand containing the diaphragm setting value determined in
step S402 is transmitted through the camera communication
circuit 116 and a lens communication circuit 108 to the cam-
era MPU 107. In step S404, a diaphragm driving command is
received from the camera MPU 107 as needed. The dia-
phragm driving command contains a diaphragm driving
direction and a diaphragm driving amount.

[0036] When the received diaphragm driving command is a
open driving command for returning the diaphragm to a open
position (YES in step s405), in step S405a, the lens MPU 115
sets a flag indicating that the diaphragm is being driven, to
OFF. When the received diaphragm driving command is not
an open driving command (NO in step S405), in step S4055,
the lens MPU 115 sets the flag indicating that the diaphragm
is being driven, to ON.

[0037] In step S406, the lens MPU 115 transmits the dia-
phragm driving flag indicating a diaphragm driving state to
the camera MPU 107. The camera MPU 107 refers to the flag
to monitor an operation of the diaphragm of the lens side. For
example, when the diaphragm driving flag is not set to ON
within a predetermined period after the camera MPU 107 has
issued a driving command to narrow down the diaphragm,
generation of an error is determined to stop the processing.
[0038] In step S407, the lens MPU 115 transmits a com-
mand to drive the diaphragm by the diaphragm driving
amount received in step S404 to the diaphragm driving unit
119. The diaphragm driving unit 119 drives the diaphragm
driving motor 120 to drive the diaphragm 122.

(Cameras Side Operation)

[0039] In step S408, the camera main body 101 changes a
diaphragm control method based on an exposure mode set by
the exposure mode setting dial 303. When the exposure mode
is the program mode (P) or the shutter speed priority mode (T)
(YES in step S408), in step S408a, an aperture value is deter-
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mined to achieve appropriate exposure according to bright-
ness of an object. When the exposure mode is the manual
mode (M) or the diaphragm priority mode (A) (NO in step
S408), in step S4085, an aperture value is determined accord-
ing to an operation amount of the exposure value setting dial
302.

[0040] In step S409, the diaphragm ring exclusive com-
mand is received as needed, and an aperture value determined
by the diaphragm ring 132 is acquired.

[0041] In step S410, which of the camera side and the lens
side performs a diaphragm operation is determined based on
the setting on the camera side. When the diaphragm ring
operation permission flag received in step S409 is OFF, the
diaphragm is set on the camera side. When the diaphragm ring
operation permission flag is ON, which of the camera and the
lens takes priority is switched based on the setting on the
camera side.

[0042] When the camera side preferentially sets an aperture
value (YES in step S410), in step S410aq, the aperture value
determined by the exposure value setting dial 302 is used.
When the lens side preferentially sets an aperture value (NO
in step S410), in step S4105, the received aperture value is
used. In step S411, a diaphragm driving amount to be trans-
mitted to the lens is calculated from the aperture value deter-
mined in step S410.

[0043] In step S412, a diaphragm driving command is
transmitted to the lens MPU 115. In step S413, the diaphragm
driving flag is received from the lens.

[0044] As described above, when the camera lens system is
attached to the camera which can receive the diaphragm ring
exclusive command, information is exchanged between the
camera and the lens, and on the lens side and the camera side,
the diaphragm can respectively be operated.

[0045] Next, referring to a flowchart in FIG. 5, operations
of'the lens 102 side and the camera main body 101 side, when
the camera main body 101 cannot recognize the diaphragm
ring exclusive command, are described. Such a combination
may occur when the camera main body 101 is released before
the lens 102 equipped with the diaphragm ring.

[0046] There are several methods for detecting whether the
camera main body 101 can recognize the diaphragm ring
exclusive command. An example is that if there is stored
information on whether the diaphragm ring exclusive com-
mand can be recognized in the memory of the camera main
body, receiving the information by the lens enables detection
as to whether the diaphragm ring exclusive command of the
camera main body can be recognized.

[0047] Another example is that information on whether the
diaphragm ring exclusive command can be recognized is
stored beforehand for each camera main body in the memory
of the lens, and whether the attached camera main body can
recognize the diaphragm ring exclusive command, can be
detected based on the information.

(Lens Side Operation)

[0048] When the diaphragm switch 129 is set to permit an
operation of the diaphragm ring 132 (YES in step S501), in
step S501a, the diaphragm ring operation permission flag is
setto ON, and the processing proceeds to step S502. When the
diaphragm switch 129 is set to inhibit the operation (NO in
step S501), in step S5015, the diaphragm ring operation per-
mission flag is set to OFF, and the processing proceeds to step
S504.
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[0049] In step S502, the pulse generator 114 generates
pulses according to an operation amount of the diaphragm
ring 132. The lens MPU 115 detects the operation amount of
the diaphragm ring 132 by counting the number of generated
pulses, and determines a diaphragm setting value according
to the detected operation amount.

[0050] Instep S503, a diaphragm driving amount is calcu-
lated from the diaphragm setting value determined in step
S502. In step S504, a diaphragm driving command is received
from the camera MPU 107 as needed. The diaphragm driving
command contains a diaphragm driving direction and a dia-
phragm driving amount.

[0051] When the received diaphragm driving command is a
open driving command for returning the diaphragm to an
open position (YES in step s505), in step S5054, the lens
MPU 115 sets a flag indicating that the diaphragm is being
driven, to OFF. When the received diaphragm driving com-
mand is not an open driving command (NO in step S505), in
step S5055, the lens MPU 115 sets the flag indicating that the
diaphragm is being driven, to ON.

[0052] In step S506, the lens MPU 115 transmits the dia-
phragm driving flag indicating the diaphragm driving state to
the camera MPU 107. The camera MPU 107 refers to the flag
to monitor the operation of the diaphragm ofthe lens side. For
example, when the diaphragm driving flag is not set to ON
within a predetermined period after the camera MPU 107 has
issued a driving command to narrow down the diaphragm,
generation of an error is determined to stop the processing.
[0053] Instep S507, whether the camera main body 101 is
in a moving image capturing mode is determined. When the
camera main body 101 is in the moving image capturing
mode, and permitted to operate the diaphragm ring (YES in
step S507), in step S5075, the diaphragm is driven by the
driving amount calculated in step S503. When the camera
main body 101 is in the moving image capturing mode but
inhibited to operate the diaphragm ring, or in a still image
capturing mode (NO in step S507), in step S507a, the dia-
phragm is driven by the driving amount received in step S504.

(Cameras Side Operation)

[0054] In step S508, the camera main body 101 changes a
diaphragm control method based on an exposure mode set by
the exposure mode setting dial 303. When the exposure mode
is the program mode (P) or the shutter speed priority mode (T)
(YES in step S508), in step S508a, an aperture value is deter-
mined to achieve appropriate exposure according to bright-
ness of an object. When the exposure mode is the manual
mode (M) or the diaphragm priority mode (A) (NO in step
S508), in step S5085, an aperture value is determined accord-
ing to an operation amount of the exposure value setting dial
302.

[0055] Instep S509, a diaphragm driving amount is calcu-
lated based on the aperture value determined in step S508. In
step S510, a diaphragm driving command is transmitted to the
lens MPU 115. In step S511, a diaphragm driving flag is
received from the lens.

[0056] This configuration enables the lens of the present
invention, even when attached to a camera which cannot
recognize the diaphragm ring exclusive communication, to
perform a diaphragm operation by using the diaphragm ring.
In the moving image capturing mode, diaphragm effects can
be checked by monitoring an actually captured image dis-
played on a display disposed backside of the camera.
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[0057] Normally, when the diaphragm does not operate
according to a camera driving command, error processing is
performed. However, in step S505, by setting the diaphragm
driving flag to ON or OFF according to the driving command
of the camera side, the lens side transmits a response to the
camera side in the form of operating the diaphragm according
to the driving command of the camera side. Thus, the camera
side determines that the diaphragm operation is normally
performed on the lens side.

[0058] During still image capturing, even when the user
operates the diaphragm by using the diaphragm ring, gener-
ally, the user cannot check a set aperture value. Thus, unin-
tended switching of the aperture value is prevented by invali-
dating a diaphragm setting operation by the diaphragm ring
irrespective of a state of the diaphragm switch.

[0059] The diaphragm ring is disposed in consideration of
diaphragm operability during moving image capturing. Dur-
ing the moving image capturing, it is convenient if the dia-
phragm can be operated by using the diaphragm ring. Thus, a
configuration can be employed where the lens side detects a
state of the camera, a ring operation is then permitted irre-
spective of a state of the diaphragm switch in the moving
image capturing mode, while the ring operation is inhibited
irrespective of the state of the diaphragm switch in the still
image mode.

[0060] In this case, in the flowchart of FIG. 5, steps S507,
S507a, and S5075b are replaced by steps S501, S501a, and
S50154. Instep S501, whether the camera side is in the moving
image capturing mode is determined. In the case of the mov-
ing image capturing mode (YES in step S501), in step S501a,
the diaphragm ring operation permission flag is set to ON, and
the processing proceeds to step S502. In the case of the still
image capturing mode (NO in step S501), in step S5015, the
diaphragm ring operation permission flag is set to OFF, and
the processing proceeds to step S504.

[0061] Thecamera mainbody to which the interchangeable
lens of the present invention is attached can be a still camera
or a video camera as long as the camera main body has no
diaphragm exclusive communication function.

[0062] Theexemplary embodiment of the present invention
has been described. However, the present invention is not
limited to the exemplary embodiment. Various changes and
modifications can be made within a gist of the present inven-
tion.

[0063] 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
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accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

[0064] This application claims priority from Japanese
Patent Application No. 2010-061055 filed Mar. 17, 2010,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. An interchangeable lens comprising:

a diaphragm;

a driving unit configured to drive the diaphragm;

an operation member configured to set an aperture value of
the diaphragm;

a switching unit configured to switch an operation of the
operation member between permission and inhibition;
and

a control unit configured to operate, when the interchange-
able lens is mounted on a camera main body which
includes no recognition unit to recognize information on
the aperture value set by the operation member, the
driving unit according to a diaphragm driving command
from the camera main body if the switching unit is in a
state of inhibiting the operation of the operation mem-
ber, and operate the driving unit according to the aper-
ture value set by the operation member if the switching
unit is in a state of permitting the operation of the opera-
tion member, and give a response to the camera main
body in a form of operating the driving unit according to
the diaphragm driving command.

2. The interchangeable lens according to claim 1, further
comprising a detection unit configured to detect that the cam-
era main body includes no recognition unit to recognize the
information on the aperture value set by the operation mem-
ber.

3. The interchangeable lens according to claim. 1, wherein
when the camera main body is in a state of capturing a still
image, the control unit operates the driving unit according to
the diaphragm driving command from the camera main body
irrespective of a state of the switching unit.

4. The interchangeable lens according to claim. 1, wherein
when the camera main body is in a state of capturing a moving
image, the control unit operates the driving unit according to
the aperture value set by the operation member irrespective of
a state of the switching unit.

5. A camera lens system comprising:

the interchangeable lens according to claim 1; and

acamera main body which can capture a moving image and
includes no recognition unit to recognize information on
an aperture value set by the operation member.
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