a2 United States Patent
Tsuchiya

US009838605B2

10) Patent No.: US 9,838,605 B2
45) Date of Patent: Dec. 5, 2017

(54) CAMERA SYSTEM

(71)  Applicant: OLYMPUS CORPORATION,
Hachioji-shi, Tokyo (IP)

(72) Inventor: Hitoshi Tsuchiya, Tokyo (JP)

(73) Assignee: OLYMPUS CORPORATION, Tokyo
(IP)

*) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21) Appl. No.: 15/212,919
(22) Filed:  Jul. 18, 2016

(65) Prior Publication Data
US 2016/0330378 Al Nov. 10, 2016
Related U.S. Application Data

(63) Continuation of application No.
PCT/IP2015/050126, filed on Jan. 6, 2015.

(30) Foreign Application Priority Data
Jan. 30, 2014 (JP) ceoevvivveeiineerencnne 2014-015762

(51) Imt.CL
HO4N 5/228 (2006.01)
HO4N 5/232 (2006.01)
(Continued)
(52) US. CL
CPC ... HO4N 5/23287 (2013.01); GO3B 5/00
(2013.01); GO3B 17/14 (2013.01); HO4N
5/2254 (2013.01);

(56) References Cited
U.S. PATENT DOCUMENTS

2005/0140793 Al* 6/2005 Kojima .............. HO4N 5/23287
348/208.99
2006/0110147 A1* 5/2006 Tomita ............... HO4N 5/23212
396/55

(Continued)

FOREIGN PATENT DOCUMENTS

JP HO07-104338 A 4/1995
JP 2006-126668 A 5/2006
JP 2009-075221 A 4/2009

OTHER PUBLICATIONS

International Search Report mailed in corresponding International
Patent Application No. PCT/JP2015/050126 dated Mar. 31, 2015,
consisting of 1 pp. (English Translation Provided).

Primary Examiner — Anthony J Daniels
(74) Attorney, Agent, or Firm — Volpe and Koenig, P.C.

(57) ABSTRACT

In a camera system that includes a lens unit and a camera
body, the camera body includes a blur correcting unit that
performs blur correction in a plurality of directions, and a
determining unit that determines whether the lens unit
mounted onto the camera body is a lens unit that performs
the blur correction in the plurality of directions. When the
determining unit determines that the mounted lens unit is the
lens unit that performs the blur correction in the plurality of
directions, the camera body performs the blur correction in
the plurality of directions at a camera body side blur

(Continued) correction ratio, and the lens unit performs the blur correc-
(58) Field of Classification Search tion in. the pl.urality of directions at a lens unit side blur
CPC ....cccue. HO4N 5/23264; HO4N 5/2328; HO4N correction ratio.
5/23287
(Continued) 5 Claims, 11 Drawing Sheets
OPTICAL
CHARAGTERISTIC

(FOCAL LENGTH} 502 504

501
ANGULAR VELOCITY

c IMAGE PLANE

CORRECTION SENSITIVITY —

LENS SIDE BLUR CORREGTION |
RANGE LENGTH

BODY SIDE BLUR GORRECTION

—

X f x)-—— MOVEMENT
AMOUNT
CORRECT [ ON
| CALgGE}\%NG

RANGE LENGTH



US 9,838,605 B2

Page 2
(51) Imt. ClL
GO3B 5/00 (2006.01)
GO3B 17/14 (2006.01)
HO4N 5225 (2006.01)
(52) US. CL

CPC ..... HO4N 5/23209 (2013.01); HO4N 5/23258
(2013.01); GO3B 2205/0007 (2013.01)
(58) Field of Classification Search
USPC it ence s 348/208.5
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2010/0194897 Al* 82010 Yumiki .............. GO3B 7/091
348/208.4

2011/0001858 Al1* 1/2011 Shintani .................. GO02B 7/28
348/294

2014/0049658 Al* 2/2014 Yamazaki ... HO4N 5/23254
348/208.11

* cited by examiner



U.S. Patent Dec. 5, 2017 Sheet 1 of 11 US 9,838,605 B2

FI1G. 1



US 9,838,605 B2

Sheet 2 of 11

Dec. 5, 2017

U.S. Patent

2 O 4
HOSNIS ALISOTHA ||
YIONY HOLI | gop7
HOSNIS ALIDOTEA ||
o0y SYNONY MYA " egpz
LINn S M A NOLVNLOY 3ATNG
~ - WILSAS WD1LdO
0Lg =
Y k MWW_..AIH.
YITIOUINDD |+ 25
WALSAS (ISR 1 |
e~ T Bwl
e T )
HALNANOJ0HD T ==t Yole
DNI LD3HH0D — U
Ui 0se 08 ~
0ge- 002
| HOSNIS ALIDOTAA
WINONY HOLId | - qoue
| HOSNIS ALIOOTAA L
YINONY WYA | % pgge
. N
008 00l



US 9,838,605 B2

Sheet 3 of 11

Dec. 5, 2017

U.S. Patent

e Bi14
43 TIOHINGD . 11NN
H3ISAS ~4 NOTIVOINNWWOD
€ !
1IKN
R 11NN < ONILYINO VO LNNOWY <
LNNOWY gese ™
NOTIOFHH0D
B LIND DN LYINOTYD .
Ke— © LINNOWY HNTF 3DNY-MYA )
et e

ALTIO0TEA
dYINBNY HOLld

ALTO0T3A
dYINONY MYA



U.S. Patent Dec. 5, 2017

Sheet 4 of 11

OPTICAL

CHARAGTERISTIC
(FOCAL LENGTH) 502 504

501
ANGULAR VELOGITY b [ -

CORRECTION SENSITIVITY
LENS SIDE BLUR GORREGTION

RANGE LENGTH ™™

BODY SIDE BLUR CORRECTION
RANGE LENGTH

S

US 9,838,605 B2

IMAGE PLANE

x)-— MOVEMENT
ANMOUNT

" CORRECTION
RATIO
CALCULAT ING
UNIT

—

- 503

FI1G. 4



US 9,838,605 B2

Sheet 5 of 11

Dec. 5, 2017

U.S. Patent

g 914

d3TICYINGD

W3LSAS

X o

~
0é¢

A

" LIND
e < HTI0HINOD SNAT
~4 NO11VOINMANOD
A ) 672
e 7
llllmMW/ i+ LINN 4 ONTLYTNOTYD LNNOWY A!Anmm¢
ayzz ONI LY 1RO TVO N8 JIBNY-HOLId QprNr\/
INROWY qcee \\\\\
d NO 11334400
« LINA ONILYINOTVO
‘i\w T [ INNOWY ¥NT9 ITONY-MYA ‘T\ﬁ_x\/
By o Nm.\ 2772 3 Y44

ALIJ0T3A
dYINENY HOLId

ALTODTHA
dYHNDNY MYA



U.S. Patent Dec. 5, 2017

START BLUR GORREGTION
\_PROCESS (CAMERA BODY)

Y

BLUR DETEGTION
PROCESS
(YAW)

T

),'8101

{aSiOZ

¥
BLUR DETECTION
PROCESS
(PETCH)

/}\ S103

IS BUR S Ty

<7~ CORRECTION DISABLED ™

-

Sheet 6 of 11

US 9,838,605 B2

S~ ON LENS SIDE?_—
S~

Y

S104

CORRECTION PROGESS
(YAW, PITCH)

”

~ 3105

¥

PROCESS OF
CALCULATING CAMERA
SIDE CORRECTION
RATIO

, S106

CORRECTION PROCESS
ACGORDING TO CAMERA
SIDE CORRECTION
RATIO

(YAW, PITCH)

H
i

Y

FINISH BLUR CORREGTION
\\?ROCESS (CANERA BODY)

F1G. ©



U.S. Patent Dec. 5, 2017

( START BLUR GORRECTION
PROGESS (LENS UNIT)

:

PROCESS
(YA¥)

¥

X

PROCESS
(PITCH)

X si3

IS BLUR™
CORRECTION DISABLED™.N

<

Sheet 7 of 11

Bl.UR DETECT ION e St

BLUR DETECTION Ve S112

US 9,838,605 B2

ON CAMERA SIDEE/«”/
~

Y

S114

X

CORRECTION PROCESS
(YAW, PITCH)

”
<

U S115

PROCESS OF
CALCULATING LENS
SIDE CORRECTION

RATIC

L site

CORRECTION PROCESS
ACCORDING TO LENS
SIDE CORRECTION
RATIO
(YAW, PITCH)

|

A

FINISH BLUR CORREGTION
PROCESS (LENS UNIT)

F1G. 7



U.S. Patent Dec. 5, 2017

/ START BLUR CORRECTION
\ PROGESS (GAHERA BODY)

Sheet 8 of 11

v
BLUR DETECTION | - 101
PROCESS
CYAD)
v
BLUR DETECTION | / 5102
PROCESS
PITCH)
,/;\\ 8103
18 BLUR ™
< CORRECTION DISABLED M
= ON'LENS SIDE?
Y
_ s104

CORRECTION PROCESS
(YAW, PITCH)

¥ /

PROCESS OF CALCULATING
CORRECTION RATIOS ON
CAME SIDE AND LENS SIDE

v o

TRANSMIT LENS SIDE
CORREGTION RATIO

v ~

CORRECTION PROCESS
ACCORDING TO CAMERA
SIDE CORRECTION RATIO
(YAW, PITCH)

|

&
«
A

FINISH BLUR CORRECTION
PROCESS (CAMERA BODY)

FI1G. 8

US 9,838,605 B2

- S§121

S122

5106



U.S. Patent Dec. 5, 2017

e

PROCESS (LENS UNIT)

) v

Sheet 9 of 11 US 9,838,605 B2

( START BLUR CORRECHOE\}

BLUR DETEGTION
PROCESS
(YAW)

SN

J

¥

BLUR DETEGTION
PROCESS
(PHICGH)

_ 812
J

T

$113
IS BUR \& \
< GORRECTION DISABLED™

T~ ON CAMERA SIDE? —
\ o

~ /
TY

-~ Sti4
/ y

GORRECTION PROCESS
(YAW, PLTCH)

s S131

OBTAIN LENS SIDE
CORRECTION RATIO

~ S116

CORREGT1ON PROCESS
AGCORDING TO LENS

SIDE CORRECTION

RATIO
(YAW, PITCH)

I

&
&

FINISH BLUR GORRECTION
PROCESS (LENS UNIT)

FIG. @



U.S. Patent

Dec. 5, 2017

/"START BLUR CORRECTION

‘\\ PROCESS (LENS UNIT)

Sheet 10 of 11

v
BLUR DETECTION
PROCESS
(YAW)

S111
S

+

BLUR DETECTION
PROCESS
(PITCH)

S112
/

P

718 BLIR

7 \\N
<:: GORRECTION DISABLED

N CAMERA SIDE?

i

~..

BN -

\\ /’/
Y

S113

PROCESS OF CALCULATING
CORRECTION RATIOS ON
CAMERA Sé?EEAND LENS

v

TRANSMIT CAMERA SIDE
GORRECTION RATIO

v % S114 4 s
CORRECTION PROCESS CORRECTION PROGESS
ACCORDING TO LENS SIDE
(YAW, PLTCH) CORRECTION RATIO
(YAW, PITCH)
¢ |
FINISH BLUR CORRECTION

PROCESS (LENS UNIT)

FI1GaG.

)

10

US 9,838,605 B2

] //'8141

S142

S116



U.S. Patent Dec. 5, 2017 Sheet 11 of 11 US 9,838,605 B2

“START BLUR CORRECTION"
PROCESS (CAMERA BODY\

BLUR DETECTION ¥a S101
PROCESS
(YAWD
¥
BLUR DETEGTION | §102
PROCESS
(PITCH)
/{\\/ $103
<GORRECTION S 8151
~<_ON LENS SIDE? v L
T~ OBTAIN CAMERA SIDE
y CORRECTION RATIO
fsm 4 ~ S106
CORRECTION PROCESS N R
(YAW. PITCH) SIDE CORRECTION RATIO
(YAW. PITCH)

|

»
<4
b

K
FINISH BLUR GORREGTION
PROCESS {(CAMERA BODY)/,

FI1G., 11



US 9,838,605 B2

1
CAMERA SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2014-
015762, filed Jan. 30, 2014, the entire contents of which are
incorporated herein by reference.

This is a Continuation Application of PCT Application
No. PCT/IP2015/050126, filed Jan. 6, 2015, which was not
published under PCT Article 21(2) in English.

FIELD

The present invention relates to a camera system that
includes a lens unit and a camera body that the lens unit can
be attached to or detached from, and in particular, a camera
system having a blur correction function for correcting an
image blur caused by camera shake or the like.

BACKGROUND

In recent years, cameras equipped with a blur correction
function for correcting an image blur caused by camera
shake or the like (hereinafter also referred to as an “image
stabilization function”) have become popular, and a photog-
rapher can capture a satisfactory image having no image
blurring without paying any special attention to camera
shake or the like.

As an example, there are two types of camera systems of
a lens-interchangeable camera in which photographing
lenses can be interchanged according to the purpose of
photographing: a camera system in which the image stabi-
lization function is installed onto an interchangeable lens;
and a camera system in which the image stabilization
function is installed onto a camera body. When the image
stabilization function is installed onto an interchangeable
lens, a sensor to detect the movement of a camera is mounted
onto the interchangeable lens, and a portion of a photograph-
ing lens group is moved in a direction in which a detected
camera shake is cancelled such that image stabilization is
performed. When the image stabilization function is
installed onto a camera body, a sensor to detect the move-
ment of a camera is mounted onto the camera body, and an
image sensor is moved in a direction in which a detected
camera shake is cancelled such that image stabilization is
performed. Whether the image stabilization function is
installed onto the interchangeable lens or the camera body
depends on a camera system or a manufacturer, because both
types of camera systems have advantages and disadvan-
tages.

In some of the camera systems having a common stan-
dard, both an interchangeable lens and a camera body have
the image stabilization function.

As an example, a technology is known in which, in a
camera system that includes an interchangeable lens includ-
ing a blur correction system, an anti-vibration converter (a
converter incorporating an image blur correction device),
and a camera body, the interchangeable lens and the anti-
vibration converter correct blurring at a ratio of 1:1, namely,
each of the interchangeable lens and the anti-vibration
converter corrects half of a blur amount (see Japanese
Laid-Open Patent Publication No. 7-104338 and the like). In
the technology above, inconvenience is not generated due to
blur correction performed simultaneously by the inter-
changeable lens and the anti-vibration converter, and a
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photographer is not likely to fail in photographing. In this
technology, the interchangeable lens and the converter per-
form blur correction, but a similar effect can be achieved
even when the interchangeable lens and the camera body
perform blur correction.

SUMMARY

In an aspect of the present invention, a camera system is
provided that includes a lens unit and a camera body that the
lens unit is freely attached to or detached from. The camera
body includes a blur correcting unit that performs blur
correction in a plurality of directions, and a determining unit
that determines whether the lens unit mounted onto the
camera body is a lens unit that performs the blur correction
in the plurality of directions. When the determining unit
determines that the mounted lens unit is the lens unit that
performs the blur correction in the plurality of directions, the
camera body drives the blur correcting unit so as to perform
the blur correction in the plurality of directions at a camera
body side blur correction ratio based on information relating
to a blur correction range that the lens unit has, a correction
sensitivity, and the blur correction range included in the
camera body, and the lens unit performs the blur correction
at a lens unit side blur correction ratio based on the infor-
mation relating to the blur correction range that the lens unit
has, the correction sensitivity, and the blur correction range
included in the camera body. When I_b represents the blur
correction range included in the camera body, L._I represents
the blur correction range that the lens unit has, and K
represents the correction sensitivity, the camera body side
blur correction ratio is a value obtained by performing an
operation of [_b/(I_b+L_IxK), and the lens unit side blur
correction ratio is a value obtained by performing an opera-
tion of L_I/(T_b+L_IxK).

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram explaining directions of a camera
system according to an embodiment.

FIG. 2 illustrates an exemplary configuration of a camera
system according to an embodiment.

FIG. 3 illustrates an example of an internal configuration
of a blur correcting microcomputer according to an embodi-
ment.

FIG. 4 illustrates an example of an internal configuration
of each of a yaw-angle blur amount calculating unit and a
pitch-angle blur amount calculating unit according to an
embodiment.

FIG. 5 illustrates an example of an internal configuration
of an LCU according to an embodiment.

FIG. 6 is a flowchart illustrating the processing content of
a blur correction operation performed by a camera body
according to an embodiment.

FIG. 7 is a flowchart illustrating the processing content of
a blur correction operation performed by a lens unit accord-
ing to an embodiment.

FIG. 8 is a flowchart illustrating the processing content of
a blur correction operation performed by a camera body
according to a variation of the embodiment.

FIG. 9 is a flowchart illustrating the processing content of
a blur correction operation performed by a lens unit accord-
ing to a variation of the embodiment.

FIG. 10 is a flowchart illustrating the processing content
of a blur correction operation performed by a lens unit
according to another variation of the embodiment.
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FIG. 11 is a flowchart illustrating the processing content
of a blur correction operation performed by a camera body
according to another variation of the embodiment.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention is described
below with reference to the drawings.

First, directions of a camera system according to the
embodiment described below are defined.

FIG. 1 illustrates the directions.

As illustrated in FIG. 1, a camera system 100 according
to the embodiment has a configuration in which a lens unit
200 is mounted onto a camera body 300. In the camera
system 100, an X direction, a Y direction, a Z direction, a
pitch direction, a yaw direction and a roll direction are
defined as below.

Rightward and leftward directions (a horizontal direction)
of the camera body 300 mounted with the lens unit 200 are
defined to be an X direction. For convenience of explana-
tion, a rightward direction when viewing the camera system
100 from the front is defined to be a + (plus, positive)
direction (a +X direction), and a leftward direction is defined
to be a — (minus, negative) direction (a -X direction). The
X direction corresponds to rightward and leftward directions
of an imaging plane of an image sensor described later.

Upward and downward directions (a vertical direction) of
the camera body 300 mounted with the lens unit 200 are
defined to be a Y direction. For convenience of explanation,
the upward direction is defined to be a + direction (a +Y
direction), and the downward direction is defined to be a -
direction (a =Y direction). The Y direction corresponds to
upward and downward directions of the imaging plane of the
image sensor described later.

An optical-axis direction of the camera body 300 mounted
with the lens unit 200 is defined to be a Z direction. For
convenience of explanation, a direction from a back surface
to a front surface of the camera system 100 is defined to be
a + direction (a +Z direction), and a direction from the front
surface to the back surface of the camera system 100 is
defined to be a - direction (a -Z direction).

A rotation direction with an X-direction axis as a rotary
shaft is defined to be a pitch direction. For convenience of
explanation, a leftward rotation with respect to the +X
direction is defined to a + direction (a +pitch direction), and
a rightward rotation with respect to the +X direction is
defined to be a - direction (a —pitch direction).

A rotation direction with a Y-direction axis as a rotary
shaft is defined to be a yaw direction. For convenience of
explanation, a rightward rotation with respect to the +Y
direction is defined to be a + direction (a +yaw direction),
and a leftward rotation with respect to the +Y direction is
defined to be a - direction (a —yaw direction).

A rotation direction with a Z-direction axis as a rotary
shaft is defined to be a roll direction. For convenience of
explanation, a leftward rotation with respect to the +Z
direction is defined to be a + direction (a +roll direction), and
a rightward rotation with respect to the +Z direction is
defined to be a - direction (a —roll direction).

The positive/negative (+/-) direction defined above is
dependent on a mounting direction of an angular velocity
sensor described later, and of course, the positive/negative
(+/-) direction is not limited to the definition above.

FIG. 2 illustrates an exemplary configuration of the cam-
era system 100 according to the embodiment.

As illustrated in FIG. 2, the camera system 100 according
to the embodiment has a configuration in which the lens unit
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200 is mounted onto the camera body 300. The camera body
300 is configured in such a way that the lens unit 200 can be
attached to or detached from the camera body 300. The lens
unit 200 is mounted onto the camera body 300 by a lens
mount connector (not illustrated) provided in the lens unit
200 and a body mount connector (not illustrated) provided
in the camera body 300 fitting into each other. Consequently,
the lens unit 200 is fixed to the camera body 300, and
terminals provided in the respective mount connectors are
electrically connected to each other. Accordingly, commu-
nication can be performed between the lens unit 200 and the
camera body 300 via a contact 400.

The lens unit 200 includes an optical system 210, an LCU
(lens control unit) 220, an optical system drive actuator 230,
a yaw angular velocity sensor 240aq, and a pitch angular
velocity sensor 2405.

The optical system 210 includes a blur correcting lens
group, and condenses a light flux from a subject so as to
form an image as a subject image on an imaging plane of an
image sensor 320.

The optical system drive actuator 230 moves the blur
correcting lens group that is a portion of the optical system
210 on a plane orthogonal to an optical axis, under the
control of the LCU 220.

The yaw angular velocity sensor 240a detects an angular
velocity in the yaw direction. The pitch angular velocity
sensor 2405 detects an angular velocity in the pitch direc-
tion.

The LCU 220 communicates with a system controller 340
via the contact 400, and controls the entire operation of the
lens unit 200. As an example, the LCU 220 transmits
information relating to the lens unit 200 to the system
controller 340, or obtains, from the system controller 340,
information relating to the camera body 300 or an instruc-
tion to start or finish blur correction. As another example, the
LCU 220 determines whether the camera body 300 mounted
onto the lens unit 200 is a camera body that can perform blur
correction on the basis of the information relating to the
camera body 300. In this determination, it is determined that,
for example, a camera body that does not have a blur
correction function, or a camera body having a blur correc-
tion function in which the blur correction function has been
disabled, is not a camera body that can perform blur cor-
rection. The blur correction function can be disabled, for
example, by a user operating an operating unit of a camera
body (for example, a SW (switch) unit 370 described later of
the camera body 300). As an example, the LCU 220 controls
the optical system drive actuator 230 so as to move the blur
correcting lens group in a direction in which an image blur
(blurring of the subject image formed on the imaging plane
of'the image sensor 320) is cancelled, in accordance with the
angular velocities detected by the yaw angular velocity
sensor 240qa and the pitch angular velocity sensor 24056. As
another example, the LCU 220 performs focus control,
diaphragm control, or the like. The internal configuration of
the LCU 220 is described below with reference to FIG. 5.

The camera body 300 includes a focal plane shutter
(hereinafter simply referred to as a “shutter””) 310, an image
sensor 320, an image sensor drive actuator 330, a system
controller 340, a blur correcting microcomputer 350, a yaw
angular velocity sensor 360a, a pitch angular velocity sensor
3605, and an SW unit 370.

The shutter 310 is arranged on a front side of the imaging
plane of the image sensor 320. The shutter 310 includes an
aperture blade, and the shutter 310 controls exposure time by
opening or closing the aperture blade under the control of the
system controller 340.
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The image sensor 320 converts the subject image formed
on the imaging plane via the shutter 310 with the exposure
blade opened into an electric signal, and outputs the electric
signal as a video signal to the system controller 340, under
the control of the system controller 340.

The image sensor drive actuator 330 moves the image
sensor 320 in the X direction and the Y direction that are
parallel to the imaging plane, under the control of the system
controller 340.

The system controller 340 communicates with the LCU
220 via the contact 400, and communicates with the blur
correcting microcomputer 350, and the system controller
340 controls the entire operation of the camera body 300 and
the camera system 100. As an example, the system controller
340 obtains information relating to the lens unit 200 from the
LCU 220, or transmits, to the LCU 220, information relating
to the camera body 300 or an instruction to start or finish blur
correction. As another example, the system controller 340
determines whether the lens unit 200 mounted onto the
camera body 300 is a lens unit that can perform blur
correction on the basis of the information relating to the lens
unit 200. In this determination, it is determined that, for
example, a lens unit that does not have a blur correction
function, or a lens unit having a blur correction function in
which the blur correction function has been disabled, is not
a lens unit that can perform blur correction. The blur
correction function can be disabled, for example, by a user
operating an operating unit provided in the lens unit. As an
example, the system controller 340 converts the video signal
output from the image sensor 320 into image data. As
another example, the system controller 340 transmits, to the
blur correcting microcomputer 350, a portion of the infor-
mation relating to the lens unit 200 (information relating to
an optical characteristic of the optical system 210, correction
sensitivity, and a lens unit side blur correction range length),
information relating to a camera body side blur correction
range length, a determination result indicating whether the
lens unit 200 is a lens unit that can perform blur correction,
or an instruction to start or finish blur correction. The
correction sensitivity, the lens unit side blur correction range
length, and the camera body side blur correction range
length are described below with reference to FIG. 4.

The blur correcting microcomputer 350 communicates
with the system controller 340, and performs blur correction
under the control of the system controller 340. As an
example, the blur correcting microcomputer 350 obtains,
from the system controller 340, a portion of the information
relating to the lens unit 200 (information relating to the
optical characteristic of the optical system 210, the correc-
tion sensitivity, and information relating to the lens unit side
blur correction range length), information relating to the
camera body side blur correction range length, a determi-
nation result indicating whether the lens unit 200 is a lens
unit that can perform blur correction, or an instruction to
start or finish blur correction. As another example, the blur
correcting microcomputer 350 controls the image sensor
drive actuator 330 so as to move the image sensor 320 in a
direction in which an image blur is cancelled, in accordance
with the angular velocities detected by the yaw angular
velocity sensor 360a and the pitch angular velocity sensor
360b. The internal configuration of the blur correcting
microcomputer 350 is described below with reference to
FIG. 3.

The yaw angular velocity sensor 360a detects an angular
velocity in the yaw direction. The pitch angular velocity
sensor 3605 detects an angular velocity in the pitch direc-
tion.
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The SW unit 370 receives various instructions, such as an
instruction to start photographing, from a user, and transmits
the various instructions to the system controller 340.

In the camera system 100, each of the LCU 220, the
system controller 340, and the blur correcting microcom-
puter 350 includes, for example, a CPU, a memory, and the
like (not illustrated), and each of the LCU 220, the system
controller 340, and the blur correcting microcomputer 350
controls the various operations described above and below
by the CPU loading and executing a program stored in the
memory.

In the camera system 100, all of the yaw angular velocity
sensors 240a and 360aq, and the pitch angular velocity
sensors 2405 and 3605 are angular velocity sensors having
the same function, but of course, they are mounted in
different directions according to a detection direction.

In the camera system 100, the image sensor drive actuator
330 is an example of a blur correcting unit that performs blur
correction in a plurality of directions. A portion of the
system controller 340 is an example of a determining unit
that determines whether a lens unit mounted onto a camera
body is a lens unit that can perform blur correction in a
plurality of directions. When the determining unit deter-
mines that a lens unit mounted onto a camera unit is a lens
unit that can perform blur correction in a plurality of
directions, the camera body performs blur correction in a
plurality of direction at a camera body side blur correction
ratio, and the lens unit performs blur correction in a plurality
of directions at a lens unit side blur correction ratio, for
example, as described below.

FIG. 3 illustrates an example of the internal configuration
of the blur correcting microcomputer 350.

As illustrated in FIG. 3, the blur correcting microcom-
puter 350 includes ADCs (analog-to-digital converters)
351a and 3515, a yaw-angle blur amount calculating unit
352a, a pitch-angle blur amount calculating unit 3525, a
correction amount calculating unit 353, drivers 3544 and
354p, and a communication unit 355.

The ADC 351a converts a detection result that has been
output as an analog signal by the yaw angular velocity
sensor 360q into a digital signal. The ADC 3515 converts a
detection result that has been output as an analog signal by
the pitch angular velocity sensor 3605 into a digital signal.

The yaw-angle blur amount calculating unit 3524 calcu-
lates an image plane movement amount in the X direction
(an image blur amount associated with blurring in the yaw
direction) on the basis of the angular velocity in the yaw
direction that is indicated by a conversion result of the ADC
351a and an optical characteristic (a focal length of the
optical system 210). Alternatively, the yaw-angle blur
amount calculating unit 352a calculates an image plane
movement amount in the X direction according to the
camera body side blur correction ratio on the basis of the
angular velocity in the yaw direction that is indicated by a
conversion result of the ADC 3514, the optical characteristic
(the focal length of the optical system 210), the correction
sensitivity, the lens unit side blur correction range length,
and the camera body side blur correction range length. The
internal configuration of the yaw-angle blur amount calcu-
lating unit 352a is described below with reference to FIG. 4.

The pitch-angle blur amount calculating unit 3524 calcu-
lates an image plane movement amount in the Y direction
(an image blur amount associated with blurring in the pitch
direction) on the basis of the angular velocity in the pitch
direction that is indicated by a conversion result of the ADC
3515 and an optical characteristic (the focal length of the
optical system 210). Alternatively, the pitch-angle blur
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amount calculating unit 3524 calculates an image plane
movement amount in the Y direction according to a camera
body side blur correction ratio on the basis of the angular
velocity in the pitch direction that is indicated by a conver-
sion result of the ADC 3515, the optical characteristic (the
focal length of the optical system 210), the correction
sensitivity, the lens unit side blur correction range length,
and the camera body side blur correction range length. The
internal configuration of the pitch-angle blur amount calcu-
lating unit 3525 is also described below with reference to
FIG. 4.

The correction amount calculating unit 353 calculates
movement amounts in the X direction and the Y direction to
move the image sensor 320 in a direction in which an image
blur is cancelled, on the basis of calculation results of the
yaw-angle blur amount calculating unit 352a and the pitch-
angle blur amount calculating unit 35264.

The driver 354a outputs, to the image sensor drive actua-
tor 330, a driving pulse signal according to the movement
amount in the X direction calculated by the correction
amount calculating unit 353. The driver 3545 outputs, to the
image sensor drive actuator 330, a driving pulse signal
according to the movement amount in the Y direction
calculated by the correction amount calculating unit 353.

The communication unit 355 communicates with the
system controller 340, and obtains, for example, a portion of
the information relating to the lens unit 200 (information
relating to the optical characteristic of the optical system
210, the correction sensitivity, and the lens unit side blur
correction range length), information relating to the camera
body side blur correction range length, a determination
result indicating whether the lens unit 200 is a lens unit that
can perform blur correction, or an instruction to start or
finish blur correction.

FIG. 4 illustrates an example of an internal configuration
of each of the yaw-angle blur amount calculating unit 352«
and the pitch-angle blur amount calculating unit 3525.

As illustrated in FIG. 4, each of the yaw-angle blur
amount calculating unit 352¢ and the pitch-angle blur
amount calculating unit 3525 includes a multiplier 501, an
integrator 502, a correction ratio calculating unit 503, and a
multiplier 504.

The multiplier 501 multiplies an input angular velocity by
an optical characteristic (the focal length of the optical
system 210). The integrator 502 time-integrates a multipli-
cation result of the multiplier 501 so as to calculate an image
plane movement amount.

The correction ratio calculating unit 503 calculates a
camera body side blur correction ratio (a blur correction
ratio on a camera body side) on the basis of the correction
sensitivity, the lens unit side blur correction range length,
and the camera body side blur correction range length, by
using Expression (1) below.

Ratio_b=L_b/(L_b+L_IxK) Expression (1)

In this expression, Ratio_b represents a camera body side
blur correction ratio, I._b represents a camera body side blur
correction range length, I_I represents a lens unit side blur
correction range length, and K represents a correction sen-
sitivity.

The camera body side blur correction range length is a
maximum movement range length of the image sensor 320
moved by the image sensor drive actuator 330. In the
embodiment, a camera body side blur correction range
length in the X direction and a camera body side blur
correction range length in the Y direction have the same
value.
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The lens unit side blur correction range length is a
maximum movement range length of the blur correcting lens
group moved by the optical system drive actuator 230. The
lens unit side blur correction range length may be constant
regardless of a focal length, or may change according to the
focal length. In the embodiment, a lens unit side blur
correction range length in the X direction and a lens unit side
blur correction range length in the Y direction have the same
value.

The correction sensitivity is a change ratio at which an
image plane movement amount (an image blur amount
associated with the movement of the blur correcting lens
group) changes with respect to the movement amount of the
blur correcting lens group in accordance with a magnifica-
tion of the optical system 210 (a magnification of an optical
system in a rear stage of the blur correcting lens group).
Accordingly, when the magnification of the optical system
210 changes, the correction sensitivity also changes.

According to a determination result indicating whether
the lens unit 200 is a lens unit that can perform blur
correction, the multiplier 504 multiplies a calculation result
of the integrator 502 (the image plane movement amount) by
a calculation result of the correction ratio calculating unit
503 (the camera body side blur correction ratio) so as to
calculate an image plane movement amount according to the
camera body side blur correction ratio. Alternatively, the
multiplier 504 outputs the calculation result of the integrator
502 without performing the multiplication above.

FIG. 5 illustrates an example of an internal configuration
of the LCU 220.

As illustrated in FIG. 5, the LCU 220 includes ADCs 221a
and 2215, a yaw-angle blur amount calculating unit 222a, a
pitch-angle blur amount calculating unit 2225, a correction
amount calculating unit 223, drivers 224a and 2245, a
communication unit 225, and a lens controller 226.

The ADC 221a converts a detection result that has been
output as an analog signal by the yaw angular velocity
sensor 240q into a digital signal. The ADC 2215 converts a
detection result that has been output as an analog signal by
the pitch angular velocity sensor 2405 into a digital signal.

The yaw-angle blur amount calculating unit 222a calcu-
lates a movement amount in the X direction (a value
obtained by converting an image blur amount associated
with blurring in the yaw direction into a movement amount
of the blur correcting lens group) on the basis of an angular
velocity in the yaw direction indicated by a conversion result
of'the ADC 221a and an optical characteristic (a focal length
of the optical system 210/a correction sensitivity). Alterna-
tively, the yaw-angle blur amount calculating unit 222«
calculates a movement amount in the X direction according
to a lens unit side blur correction ratio on the basis of the
angular velocity in the yaw direction indicated by the
conversion result of the ADC 2214, the optical characteristic
(the focal length of the optical system 210/the correction
sensitivity), the correction sensitivity, the lens unit side blur
correction range length, and the camera body side blur
correction range length.

The pitch-angle blur amount calculating unit 2224 calcu-
lates a movement amount in the Y direction (a value
obtained by converting an image blur amount associated
with blurring in the pitch direction into a movement amount
of the blur correcting lens group) on the basis of an angular
velocity in the pitch direction indicated by a conversion
result of the ADC 2215 and an optical characteristic (the
focal length of the optical system 210/the correction sensi-
tivity). Alternatively, the pitch-angle blur amount calculat-
ing unit 2226 calculates a movement amount in the Y
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direction according to the lens unit side blur correction ratio
on the basis of the angular velocity in the pitch direction
indicated by the conversion result of the ADC 2215, the
optical characteristic (the focal length of the optical system
210/the correction sensitivity), the correction sensitivity, the
lens unit side blur correction range length, and the camera
body side blur correction range length.

Respective internal configurations of the yaw-angle blur
amount calculating unit 222¢ and the pitch-angle blur
amount calculating unit 2225 are basically the same as the
configuration illustrated in FIG. 4, but they are different
from the configuration illustrated in FIG. 4 in the following
respect.

In the multiplier 501, an optical characteristic by which an
input angular velocity is multiplied is not the focal length of
the optical system 210 but an optical characteristic calcu-
lated according to Expression (2) below.

OP=fIK Expression (2)

In this expression, OP represents an optical characteristic,
f represents a focal length of the optical system 210, and K
represents a correction sensitivity, as described above.

The reason why the value above is used as an optical
characteristic is that an image plane movement amount
changes with respect to a movement amount of the blur
correcting lens group at a change ratio indicated by a
correction sensitivity, as described above.

In the correction ratio calculating unit 503, a lens unit side
blur correction ratio (a blur correction ratio on a lens unit
side) is calculated by using Expression (3) below.

Ratio_I=L_IxK/(L_b+L_IxK) Expression (3)

In this expression, Ratio_1 represents a lens unit side blur
correction ratio, I._b, [._1, and K respectively represent a
camera body side blur correction range length, a lens unit
side blur correction range length, and a correction sensitiv-
ity, as described above.

According to a determination result indicating whether
the camera body 300 is a camera body that can perform blur
correction, the multiplier 504 multiplies a calculation result
of the integrator 502 (the movement amount) by a calcula-
tion result of the correction ratio calculating unit 503 (the
lens unit side blur correction ratio) so as to calculate a
movement amount according to the lens unit side blur
correction ratio. Alternatively, the multiplier 504 outputs the
calculation result of the integrator 502 without performing
the multiplication above.

The other configuration is similar to the configuration
illustrated in FIG. 4.

The correction amount calculating unit 223 calculates
movement amounts in the X direction and the Y direction to
move the blur correcting lens group in a direction in which
an image blur is cancelled, on the basis of the calculation
results of the yaw-angle blur amount calculating unit 222a
and the pitch-angle blur amount calculating unit 2225.

The driver 224a outputs, to the optical system drive
actuator 230, a driving pulse signal according to the move-
ment amount in the X direction that has been calculated by
the correction amount calculating unit 223. The driver 2245
outputs, to the optical system drive actuator 230, a driving
pulse signal according to the movement amount in the Y
direction that has been calculated by the correction amount
calculating unit 223.

The communication unit 225 communicates with the
system controller 340 so as to, for example, transmit infor-
mation relating to the lens unit 200, or obtain information
relating to the camera body 300 (including information
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relating to the camera body side blur correction range
length) or an instruction to start or finish blur correction.

The lens controller 226 controls the entire operation of the
LCU 220 (the lens unit 200). As an example, the lens
controller 226 performs control to transmit the information
relating to the lens unit 200 to the system controller 340. As
another example, the lens controller 226 performs control to,
for example, transmit, to the yaw-angle blur amount calcu-
lating unit 222q and the pitch-angle blur amount calculating
unit 2225, information relating to an optical characteristic
(f/K described above) of the optical system 210, a portion of
the information relating to the camera body 300 (informa-
tion relating to the camera body side blur correction range
length), and information relating to the lens unit side blur
correction range length or the correction sensitivity. As yet
another example, the lens controller 226 performs focus
control, diaphragm control, and the like.

A blur correction operation of the camera system 100
according to the embodiment is described next.

The blur correction operation is performed under the
control of the system controller 340. During a period after an
instruction to start blur correction is issued from the system
controller 340 to the lens unit 200 and the camera body 300
and before an instruction to finish blur correction is issued,
the following blur correction operations are respectively
performed by the lens unit 200 and the camera body 300.
Here, a blur correction operation performed by the camera
body 300 is described first, and a blur correction operation
performed by the lens unit 200 is described next.

FIG. 6 is a flowchart illustrating the processing content of
the blur correction operation performed by the camera body
300.

As illustrated in FIG. 6, the blur correcting microcom-
puter 350 that has received an instruction to start blur
correction first performs a blur detection process in the yaw
direction (S101). More specifically, the blur correcting
microcomputer 350 calculates an image plane movement
amount in the X direction (an image blur amount associated
with blurring in the yaw direction) on the basis of a detection
result of the yaw angular velocity sensor 360a by using the
ADC 351a, and the multiplier 501 and the integrator 502 in
the yaw-angle blur amount calculating unit 352a.

Then, the blur correcting microcomputer 350 performs a
blur detection process in the pitch direction (S102). More
specifically, the blur correcting microcomputer 350 calcu-
lates an image plane movement amount in the Y direction
(an image blur amount associated with blurring in the pitch
direction) on the basis of a detection result of the pitch
angular velocity sensor 3606 by using the ADC 3515, and
the multiplier 501 and the integrator 502 in the pitch-angle
blur amount calculating unit 3525.

The blur correcting microcomputer 350 then determines
whether the lens unit 200 mounted onto the camera body 300
is a lens unit in which blur correction has been disabled
(S103). This determination is performed according to a
determination result transmitted from the system controller
340 indicating whether the lens unit 200 is a lens unit that
can perform blur correction in the yaw direction and the
pitch direction. Stated another way, when the determination
result transmitted from the system controller 340 indicates
that the lens unit 200 is a lens unit that can perform blur
correction in the yaw direction and the pitch direction, the
determination result in S103 is No. When the determination
result transmitted from the system controller 340 indicates
that the lens unit 200 is not a lens unit that can perform blur
correction in the yaw direction and the pitch direction, the
determination result in S103 is Yes.
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When the determination result in S103 is Yes, the blur
correcting microcomputer 350 performs a blur correction
process on the basis of the calculation results in S101 and
S102 (S104). More specifically, the blur correcting micro-
computer 350 outputs, to the image sensor drive actuator
330, a driving pulse signal according to the movement
amounts in the X direction and the Y direction on the basis
of the calculation results, by using the correction amount
calculating unit 353 and the drivers 354a and 3545, and in
response to the driving pulse signal, the image sensor drive
actuator 330 moves the image sensor 320. In this case, each
of the yaw-angle blur amount calculating unit 352a and the
pitch-angle blur amount calculating unit 3524 outputs the
calculation result of the integrator 502 to the correction
amount calculating unit 353 without performing multiplica-
tion using the multiplier 504.

When the determination result in S103 is No, the blur
correcting microcomputer 350 performs a process of calcu-
lating a camera body side blur correction ratio (S105). More
specifically, the blur correcting microcomputer 350 causes
the correction ratio calculating unit 503 to calculate a
camera body side blur correction ratio on the basis of the
correction sensitivity, the lens unit side blur correction range
length, and the camera body side blur correction range
length by using Expression (1) above. The blur correcting
microcomputer 350 then performs a blur correction process
according to the camera body side blur correction ratio on
the basis of the calculation results in S101 and S102 and the
calculation result in S105 (S106). More specifically, the blur
correcting microcomputer 350 causes the multiplier 504 to
multiply each of the calculation results in S101 and S102 by
the calculation result in S105, and the blur correcting
microcomputer 350 causes the correction amount calculat-
ing unit 353 and the drivers 354a and 3545 to output, to the
image sensor drive actuator 330, a driving pulse signal that
corresponds to the movement amounts in the X direction and
the Y direction according to the camera body side blur
correction ratio on the basis of the calculation result. In
response to the driving pulse signal, the image sensor drive
actuator 330 moves the image sensor 320.

When the process of S104 or S106 is completed, the
processing is terminated.

The processing illustrated in FIG. 6 represents a blur
correction operation in one cycle performed by the camera
body 300. Actually, the blur correction operation in one
cycle is repeated until an instruction to finish blur correction
is issued from the system controller 340 to the blur correct-
ing microcomputer 350.

FIG. 7 is a flowchart illustrating the processing content of
the blur correction operation performed by the lens unit 200.

As illustrated in FIG. 7, the LCU 220 that has received an
instruction to start blur correction first performs a blur
detection process in the yaw direction (S111). More specifi-
cally, the LCU 220 calculates a movement amount in the X
direction (a value obtained by converting an image blur
amount associated with blurring in the yaw direction into a
movement amount of the blur correcting lens group) on the
basis of a detection result of the yaw angular velocity sensor
240a, by using the ADC 221a, and the multiplier 501 and the
integrator 502 in the yaw-angle blur amount calculating unit
222a.

Then, the LCU 220 performs a blur detection process in
the pitch direction (S112). More specifically, the LCU 220
calculates a movement amount in the Y direction (a value
obtained by converting an image blur amount associated
with blurring in the pitch direction into a movement amount
of the blur correcting lens group) on the basis of a detection
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result of the pitch angular velocity sensors 2405, by using
the ADC 2215, and the multiplier 501 and the integrator 502
in the pitch-angle blur amount calculating unit 2225.

The LCU 220 then determines whether the camera body
300 mounted onto the lens unit 200 is a camera body in
which blur correction has been disabled (S113). This deter-
mination is performed according to information relating to
the camera body 300 that has been transmitted from the
system controller 340. More specifically, when the informa-
tion indicates that the camera body 300 is a camera body that
can perform blur correction in the yaw direction and the
pitch direction, the determination result in S113 is No.
Otherwise, the determination result in S113 is Yes.

When the determination result in S113 is Yes, the LCU
220 performs a blur correction process on the basis of the
calculation results in S111 and S112 (S114). More specifi-
cally, the LCU 220 causes the correction amount calculating
unit 223 and the drivers 224a and 2244 to output, to the
optical system drive actuator 230, a driving pulse signal
according to the movement amounts in the X direction and
the Y direction on the basis of the calculation result. In
response to the driving pulse signal, the optical system drive
actuator 230 moves the blur correcting lens group. In this
case, each of the yaw-angle blur amount calculating unit
222a and the pitch-angle blur amount calculating unit 2225
outputs a calculation result of the integrator 502 to the
correction amount calculating unit 223 without performing
multiplication using the multiplier 504.

When the determination result in S103 is No, the LCU
220 performs a process of calculating a lens unit side blur
correction ratio (S115). More specifically, the LCU 220
causes the correction ratio calculating unit 503 to calculate
a lens unit side blur correction ratio on the basis of the
correction sensitivity, the lens unit side blur correction range
length, and the camera body side blur correction range
length, by using Expression (3) above. The LCU 220 per-
forms a blur correction process according to the lens unit
side blur correction ratio on the basis of the calculation
results in S111 and S112 and the calculation result in S115
(S116). More specifically, the LCU 220 causes the multiplier
504 to multiply each of the calculation results in S111 and
S112 by the calculation result in S115, and the LCU 220
causes the correction amount calculating unit 223 and the
drivers 224a and 224b to output, to the optical system drive
actuator 230, a driving pulse signal that corresponds to the
movement amounts in the X direction and the Y direction
according to the lens unit side blur correction ratio on the
basis of the calculation result. In response to the driving
pulse signal, the optical system drive actuator 230 moves the
blur correcting lens group.

When the process of S114 or S116 is completed, the
processing is terminated.

The processing illustrated in FIG. 7 represents a blur
correction operation in one cycle performed by the lens unit
200. Actually, the blur correction operation in one cycle is
repeated until an instruction to finish blur correction is
issued from the system controller 340 to the LCU 220.

In the camera system 100 according to the embodiment,
when the lens unit 200 that can perform blur correction in
the yaw direction and the pitch direction is mounted onto the
camera body 300 that can perform blur correction in the yaw
direction and the pitch direction, blur correction is per-
formed by the lens unit 200 and the camera body 300 at a
blur correction ratio based on a ratio of the camera body side
blur correction range length to the lens unit side blur
correction range length, and blur correction ranges on a
camera body side and a lens unit side are used up effectively.
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Accordingly, a problem as in a conventional technology
does not occur wherein either the blur correction range on
the camera body side or the blur correction range on the lens
unit side reaches a limit, and therefore blur correction cannot
be performed any further. A blur correction range in the
entirety of a camera system can increase, and this allows a
blur correction performance to be improved.

Various variations to the camera system 100 according to
the embodiment can be made.

As an example, each of the yaw-angle blur amount
calculating unit 3524 and the pitch-angle blur amount cal-
culating unit 3525 is configured to time-integrate a value
obtained by multiplying an input angular velocity by an
optical characteristic and to multiply the time-integrated
value by a blur correction ratio, as illustrated in FIG. 4 (the
same applies to each of the yaw-angle blur amount calcu-
lating unit 222q and the pitch-angle blur amount calculating
unit 2225). However, an operation order is not limited to
this. If a finally calculated value is the same, as an example,
an input angular velocity, an optical characteristic, and a blur
correction ratio may be multiplied before time-integration,
or the input angular velocity may be multiplied by a value
obtained by multiplying the optical characteristic by the blur
correction ratio.

As another example, in the camera system 100 according
to the embodiment, a camera body side blur correction ratio
is calculated on a camera body side, and a lens unit side blur
correction ratio is calculated on a lens unit side. However,
the lens unit side blur correction ratio and the camera body
side blur correction ratio may be calculated on the camera
body side or the lens unit side, as described below with
reference to FIGS. 8 to 11.

FIGS. 8 and 9 are flowcharts illustrating an example of the
processing content of a blur correction operation performed
by the camera system 100 in a case in which a lens unit side
blur correction ratio and a camera body side blur correction
ratio are calculated on a camera body side. In the flowchart
illustrated in FIG. 8, the process of S105 in the flowchart
illustrated in FIG. 6 is replaced with the processes of S121
and S122. In the flowchart illustrated in FIG. 9, the process
of' S115 in the flowchart illustrated in FIG. 7 is replaced with
the process of S131. Only the replaced processes are
described here, and the description of the other processes are
omitted.

As illustrated in FIG. 8, in the camera body 300, when the
determination result in S103 is No, the blur correcting
microcomputer 350 performs a process of calculating a lens
unit side blur correction ratio and a camera body side blur
correction ratio (S121). More specifically, the blur correct-
ing microcomputer 350 first performs a process similar to
the process of S105 in FIG. 6 so as to calculate a camera
body side blur correction ratio, and calculates a lens unit side
blur correction ratio by subtracting the camera body side
blur correction ratio from 1. The blur correcting microcom-
puter 350 then transmits the lens unit side blur correction
ratio calculated in S121 to the LCU 220 via the system
controller 340 (S122). More specifically, the blur correcting
microcomputer 350 transmits the lens unit side blur correc-
tion ratio to the system controller 340, and the system
controller 340 transmits the lens unit side blur correction
ratio to the LCU 220. In S106, a blur correction process is
performed at the camera body side blur correction ratio
calculated in S121.

As illustrated in FIG. 9, in the lens unit 200, when the
determination result in S113 is No, the LCU 220 obtains the
lens unit side blur correction ratio transmitted from the
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system controller 340 (S131). In S116, a blur correction
process is performed at the lens unit side blur correction
ratio obtained in S131.

By performing the blur correction operation above in the
camera system 100, as an example, in the LCU 220, each of
the yaw-angle blur amount calculating unit 222¢ and the
pitch-angle blur amount calculating unit 2225 does not need
to include the correction ratio calculating unit 503. Accord-
ingly, a simpler configuration can be employed, and an
operation load can be reduced.

FIGS. 10 and 11 are flowcharts illustrating an example of
the processing content of a blur correction operation per-
formed by the camera system 100 in a case in which a lens
unit side blur correction ratio and a camera body side blur
correction ratio are calculated on a lens unit side. In the
flowchart illustrated in FIG. 10, the process of S115 in the
flowchart illustrated in FIG. 7 is replaced with the processes
of S141 and S142. In the flowchart illustrated in FIG. 11, the
process of S105 in the flowchart illustrated in FIG. 6 is
replaced with the process of S151. Only the replaced pro-
cesses are described here, and the description of the other
processes is omitted.

As illustrated in FIG. 10, in the lens unit 200, when the
determination result in S113 is No, the LCU 220 performs
a process of calculating a lens unit side blur correction ratio
and a camera body side blur correction ratio (S141). More
specifically, the LCU 220 first performs a process similar to
the process of S115 in FIG. 7 so as to calculate a lens unit
side blur correction ratio, and calculates a camera body side
blur correction ratio by subtracting the lens unit side blur
correction ratio from 1. The LCU 220 transmits the camera
body side blur correction ratio calculated in S141 to the blur
correcting microcomputer 350 via the system controller 340
(S142). More specifically, the LCU 220 transmits the camera
body side blur correction ratio to the system controller 340,
and the system controller 340 transmits the camera body
side blur correction ratio to the blur correcting microcom-
puter 350. In S116, a blur correction process is performed at
the lens unit side blur correction ratio calculated in S141.

As illustrated in FIG. 11, in the camera body 300, when
the determination result in S103 is No, the blur correcting
microcomputer 350 obtains the camera body side blur
correction ratio transmitted from the system controller 340
(S151). In S106, a blur correction process is performed at the
lens unit side blur correction ratio obtained in S151.

By performing the blur correction operation above in the
camera system 100, as an example, in the blur correcting
microcomputer 350, each of the yaw-angle blur amount
calculating unit 3524 and the pitch-angle blur amount cal-
culating unit 3526 does not need to include the correction
ratio calculating unit 503. Accordingly, a simpler configu-
ration can be employed, and an operation load can be
reduced.

The embodiment above describes a specific example of
the present invention in order to easily understand the
invention, and the present invention is not limited to the
embodiment above. Various variations or modifications of
the present invention can be made without departing from
the spirit of the present invention specified in the claims.

As described above, according to the present invention, a
camera system can be provided in which, when both a lens
unit and a camera body have a blur correction function, both
the lens unit and the camera body perform blur correction at
a blur correction ratio at which blur correction ranges of both
the lens unit and the camera body are used up effectively
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such that a blur correction range in the entirety of a camera
system can increase and a blur correction performance can
be improved.

What is claimed is:

1. A camera system that includes a lens unit and a camera
body that the lens unit is freely attached to or detached from,
wherein

the camera body includes:

a blur corrector that performs blur correction in a
plurality of directions; and

a determiner that determines whether the lens unit
mounted onto the camera body is a lens unit that
performs the blur correction in the plurality of direc-
tions,

when the determiner determines that the lens unit

mounted onto the camera body is the lens unit that
performs the blur correction in the plurality of direc-
tions, the camera body drives the blur corrector so as to
perform the blur correction in the plurality of directions
at a camera body side blur correction ratio based on
information relating to a blur correction range that the
lens unit has, a correction sensitivity, and the blur
correction range included in the camera body, and the
lens unit performs the blur correction at a lens unit side
blur correction ratio based on the information relating
to the blur correction range that the lens unit has, the
correction sensitivity, and the blur correction range
included in the camera body, and

when L._b represents the blur correction range included in

the camera body, L_l represents the blur correction
range that the lens unit has, and K represents the
correction sensitivity, the camera body side blur cor-
rection ratio is a value obtained by performing an
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operation of I_b/(L_b+L_IxK), and the lens unit side
blur correction ratio is a value obtained by performing
an operation of L_IxK/(L_b+L_IxK).

2. The camera system according to claim 1, wherein

the camera body further includes a first correction ratio
calculator that calculates the camera body side blur
correction ratio, and

the lens unit further includes a second correction ratio
calculator that calculates the lens unit side blur correc-
tion ratio.

3. The camera system according to claim 1, wherein

the camera body further includes a correction ratio cal-
culator on a camera body side that calculates the
camera body side blur correction ratio and the lens unit
side blur correction ratio, and

the camera body transmits, to the lens unit, the lens unit
side blur correction ratio calculated by the correction
ratio calculator on the camera body side.

4. The camera system according to claim 1, wherein

the lens unit further includes a correction ratio calculator
on a lens unit side that calculates the camera body side
blur correction ratio and the lens unit side blur correc-
tion ratio, and

the lens unit transmits, to the camera body, the camera
body side blur correction ratio calculated by the cor-
rection ratio calculator on the lens unit side.

5. The camera system according to claim 1, wherein

the plurality of directions are two directions, a yaw
direction and a pitch direction that are respectively
rotation directions having axes in directions perpen-
dicular to optical axis directions of the lens unit and the
camera body.



