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IMAGE BLUR CORRECTION DEVICE , 
METHOD FOR CONTROLLING SAME , AND 

IMAGING APPARATUS 

the like due to the influence of the HPF included in the image 
blur correction control unit . In the method for suppressing 
the swing - back by removing a low - frequency component of 
a shake detection signal , components such as camera shake 
included in the low - frequency component are also removed , 
so that there is a concern that the image blur correction 
performance is lowered . 

BACKGROUND OF THE INVENTION 

Field of the Invention 

SUMMARY OF THE INVENTION [ 0001 ] The present invention relates to a technique that 
corrects the image blur of an image caused by a camera 
shake or the like . 

Description of the Related Art 

[ 0007 ] The present invention achieves both the correction 
for swing - back that occurs based on signal processing and 
image blur correction . 
[ 0008 ] A device according to the embodiment of the 
present invention is an image blur correction device that 
corrects the image blur of an image comprising : a controller 
having a processor that executes instructions stored in a 
memory or having circuitry , the controller being configured 
to function as : a first filtering unit configured to reduce a 
low - frequency component of an output of a detector that 
detects a motion of an apparatus provided with the image 
blur correction device ; a second filtering unit configured to 
reduce a high - frequency component of the output of the first 
filtering unit ; a detection unit configured to detect a period 
of time during which a swing - back motion based on signal 
processing is generated , by using the output of the second 
filtering unit ; a gain control unit configured to determine a 
gain based on an output of the detection unit , multiply the 
output of the second filtering unit by the gain , and output the 
result ; a subtraction processing unit configured to subtract an 
output of the gain control unit from the output of the first 
filtering unit ; and a control unit configured to perform 
control that corrects the image blur in accordance with an 
output of the subtraction processing unit . 
[ 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 

[ 0002 ] Motions of an imaging apparatus includes a motion 
that is not intentionally performed by a photographer , such 
as camera shake and a panning or tilting motion ( hereinafter , 
referred to as “ panning or the like ” ) that is intentionally 
performed by the photographer . In order to detect the motion 
of the imaging apparatus to perform image blur correction , 
it is necessary to distinguish between a motion that is not 
intentionally performed by the photographer and a motion 
that is intentionally performed by the photographer . The 
motion intentionally performed such as panning or the like 
can be recognized as a large motion having a low - frequency , 
and control is performed so as to prevent the motion from 
being included in the calculation for an amount of image 
blur correction . 
[ 0003 ] Japanese Unexamined Patent Application , First 
Publication No. 2012-048138 discloses a method for 
dynamically changing a cutoff frequency of a high - pass filter 
( HPF ) for detecting an amount of camera shake in accor 
dance with the start and end of panning or the like . After the 
panning or the like starts , the cutoff frequency of the HPF is 
raised so that the motion of panning or the like is not 
detected as the motion of camera shake , and if the panning 
or the like approaches the end , control that lowers the cutoff 
frequency to enhance the camera shake correction perfor 
mance is performed 
[ 0004 ] In this connection , if the above control is per 
formed in a case of making the camera shake correction and 
the panning control compatible , a phenomenon may occur in 
which an angle of view returns to a direction opposite to a 
direction of panning or the like at the end of panning or the 
like ( swing - back ) . The reason for causing the swing - back is 
that a low - frequency motion component is no longer 
restricted by lowering the cutoff frequency at the end of 
panning or the like , and a motion component in a direction 
opposite to a direction of panning or the like appears in an 
HPF output . If the panning or the like is completed and the 
low - frequency motion component disappears in the motion 
of the imaging apparatus , an image blur correction member 
returns to the initial position , resulting in the motion appear 
ing on an image as swing - back . 
[ 0005 ] In order to eliminate the swing - back based on 
signal processing , there is a method for determining the start 
and end of the swing - back and subtracting a swing - back 
component from a correction amount of an image blur 
correction control system during the swing - back time period 
to remove the swing - back component . In the imaging appa 
ratus disclosed in Japanese Unexamined Patent Application , 
First Publication No. 2007-189478 , the swing - back can be 
suppressed by removing a low - frequency component . 
[ 0006 ] In the conventional imaging apparatus , there is a 
possibility that the swing - back will occur after panning or 

[ 0010 ] FIG . 1 is a block diagram illustrating an apparatus 
configuration according to the first embodiment of the 
present invention . 
[ 0011 ] FIG . 2 is a flowchart that illustrates image blur 
correction processing according to the first embodiment . 
[ 0012 ] FIG . 3 illustrates a time variation of a motion 
component . 
[ 0013 ] FIGS . 4A and 4B illustrate the relation between a 
speed , acceleration of panning or the like , and a gain . 
[ 0014 ] FIG . 5 is a block diagram illustrating an apparatus 
configuration according to the second embodiment of the 
present invention . 
[ 0015 ] FIG . 6 is a flowchart that illustrates image blur 
correction processing according to the second embodiment . 
[ 0016 ] FIGS . 7A to 7D illustrate the relation between a 
shooting state and a gain . 

DESCRIPTION OF THE EMBODIMENTS 

[ 0017 ] Hereinafter , each embodiment of the present inven 
tion will be described in detail with reference to the draw 
ings . Although a motion during a panning operation is 
shown as a typical example of a motion intentionally per 
formed by a photographer , the control and processing below 
can be applied to tilting as well . 
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First Embodiment 

[ 0018 ] FIG . 1 is a block diagram illustrating a configura 
tion of an image blur correction device 100 of the present 
embodiment , and illustrates components related to the pres 
ent invention in an imaging apparatus . A motion detection 
unit 101 detects a motion occurring in the imaging apparatus 
provided with the image blur correction device 100. This 
motion is , for example , a motion such as panning or the like 
and a camera shake . Aswing - back motion appears as a result 
for signal processing , and is not a physical motion generated 
in the actual imaging apparatus . The motion detection unit 
101 outputs a detection signal of motion information of the 
imaging apparatus ( hereinafter , referred to as a “ motion 
signal ” ) to a motion determination unit 102 and a high - pass 
filter ( HPF ) 103 . 
[ 0019 ] The motion determination unit 102 determines 
panning or the like based on the motion signal from the 
motion detection unit 101 and calculates a speed or accel 
eration of panning or the like . The motion determination unit 
102 outputs a determination signal and the like to the HPF 
103 , a swing - back time period detection unit 105 ( herein 
after , referred to as a “ period detection unit ” ) , and a gain 
control unit 106 . 
[ 0020 ] The HPF 103 removes or reduces a low - frequency 
component from the motion signal detected by the motion 
detection unit 101. At this time , control that changes a cutoff 
frequency of the HPF 103 is performed based on the 
determination result of the motion determination unit 102 . 
The HPF 103 outputs a signal on which filtering processing 
has been performed to a low - pass filter ( LPF ) 104 and a 
subtraction processing unit 107 . 
[ 0021 ] The LPF 104 removes or reduces a high - frequency 
component in the output signal of the HPF 103. The LPF 104 
outputs a signal on which filtering processing has been 
performed to the period detection unit 105 and the gain 
control unit 106 . 
[ 0022 ] The period detection unit 105 detects a period of 
time during which a swing - back component appears in the 
output signal of the LPF 104. Information indicating the 
determination result of the motion determination unit 102 is 
used for detecting the swing - back time period . The swing 
back component is a low - frequency component during a 
detected period of time . The swing - back time period means 
a time period during which the swing - back component 
appears . The period detection unit 105 outputs a detection 
signal during the swing - back time period to the gain control 
unit 106 . 
[ 0023 ] The gain control unit 106 multiplies the output 
signal of the LPF 104 by a gain based on the detection result 
of the period detection unit 105 and the determination result 
of the motion determination unit 102 , and outputs the result 
to the subtraction processing unit 107. The subtraction 
processing unit 107 subtracts the output signal of the gain 
control unit 106 from the output signal of the HPF 103. The 
output signal of the subtraction processing unit 107 is 
transmitted to a correction control unit . The correction 
control unit controls an image blur correction member so as 
to cancel the motion of the camera shake or the like . 
Examples of the image blur correction member include a 
correction lens such as a shift lens that configures an 
imaging optical system , and a moving member of an imag 
ing element in a device provided with a driving mechanism 
unit of a movable imaging element . Alternatively , the 
examples of the image blur correction member include a 

gimbal mechanism that can be driven and controlled by an 
instruction from the imaging apparatus and an electric cloud 
platform that can be automatically controlled . Note that 
although the present embodiment shows an example of a 
configuration in which a predetermined frequency compo 
nent is reduced by filtering processing by the HPF 103 and 
the LPF 104 , a configuration in which the filtering process 
ing is executed by using a band - pass filter ( BPF ) may be 
used . Additionally , in the present embodiment , the motion 
detection unit 101 detects a motion of the imaging apparatus 
by using , for example , an angular velocity sensor , and a 
controller configured by at least one CPU functions as the 
motion determination unit 102 , the HPF 103 , the LPF 104 , 
the period detection unit 105 , the gain control unit 106 , the 
subtraction processing unit 107 , and a correction control 
unit . Additionally , the motion detection unit 101 may be 
provided in an accessory such as an interchangeable lens 
attached to the imaging apparatus . 
[ 0024 ] With reference to FIGS . 2 and 3 , processes per 
formed by the image blur correction device 100 will be 
described . FIG . 2 is a flowchart illustrating the flow of 
processes . FIG . 3 illustrates a time variation of the output 
signal of each unit , a panning period of time , and a swing 
back period of time . In FIG . 3 , the horizontal axis represents 
a time axis and the vertical axis represents an angular 
velocity . FIG . 3 illustrates an example of the time variation 
of the output signal of the motion detection unit 101 , the 
HPF 103 , and the LPF 104 during panning ( or tilting ) 
operation in the positive direction of the angular velocity 
signal , in order from top to bottom . A graph line 301 shown 
in the upper part in FIG . 3 shows a time variation of the 
angular velocity information , and , in a time period 302 , only 
a camera shake motion occurs . In a time period 303 follow 
ing the time period 302 , a panning motion occurs , and in a 
time period 304 following the time period 303 , only the 
camera shake motion occurs again . 
[ 0025 ] In step S201 of FIG . 2 , the motion detection unit 
101 detects a motion of the imaging apparatus and outputs 
a motion signal . The motion detection unit 101 is provided 
with , for example , an angular velocity sensor , where the 
motion signal in this case is an angular velocity signal . In 
step S202 , the motion determination unit 102 performs 
panning determination based on a motion signal acquired 
from the motion detection unit 101 and outputs an angular 
velocity when it is determined that panning is being per 
formed . With reference to FIG . 3 , determination processing 
of an angular velocity signal during panning operation will 
be described . 
[ 0026 ] In FIG . 3 , a predetermined first threshold value is 
shown by a broken horizontal line 305 , and a time 306 is a 
time when the angular velocity exceeds the first threshold . 
That is , the motion determination unit 102 determines that 
the time 306 is the start time of the panning operation . A time 
307 that is subsequent to the time 306 is a time when the 
angular velocity has fallen below a predetermined second 
threshold . The motion determination unit 102 determines 
that the time 307 is the end time of the panning operation , 
and determines that the period of time from time 306 to time 
307 is a panning / tilting determination time period 308. The 
second threshold may be set to a value that is the same as the 
first threshold , or may individually be set to a value ( for 
example , a value such as zero ) that is different from the first 
threshold . For example , there is a method for determining 
panning or the like by using an angular acceleration signal 
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using the determination result of the motion determination 
unit 102. A detailed description will be given with reference 
to a graph line 316 shown by a solid line on the lower part 
of FIG . 3 . 
[ 0031 ] The graph line 316 is an example of the time 
variation of the output signal of the LPF 104. A time 312 is 
the start time of a swing - back time period 314 , and time 313 
is the end time of the swing - back time period 314. A dashed 
horizontal line 311 indicates a predetermined threshold near 
zero . 

that is a differential signal of an angular velocity signal , or 
by using a motion vector acquired from a video image , and 
any method can be adopted . 
[ 0027 ] In step S203 , HPF calculation is performed . The 
HPF 103 removes or reduces a low - frequency component of 
the motion signal output from the motion detection unit 101 . 
An offset component included in the output signal of a gyro 
sensor or the like is removed . The cutoff frequency of the 
HPF 103 is changed based on the determination result of the 
motion determination unit 102. An example of controlling 
the cutoff frequency is explained , where , during a period of 
time for panning operation that has been determined , a 
process of setting a cutoff frequency high is performed in 
order to restrict a large motion at a low - frequency . That is , 
a restriction is performed so as not to output a large motion 
at a low - frequency . At this time , the motion of the camera 
shake is no longer restricted by an amount of increase of the 
cutoff frequency of the HPF 103 , so that , in particular , the 
effect for correcting the camera shake at a low - frequency is 
weakened . For example , it is assumed that the cutoff fre 
quency is raised up to 10 Hz based on the determination 
about the start of panning . The typical camera shake motion 
is within the range of a band approximately 1 to 10 Hz . The 
motion in this band is eliminated by increasing the cutoff 
frequency of the HPF 103 , so that this case is removed from 
the control of the image blur correction . Specifically , the 
anti - shake ( image blur correction ) effect may be lowered . 
[ 0028 ] In order to cope with this drawback , during a 
panning operation , control that dynamically changes the 
cutoff frequency of the HPF 103 in accordance with the 
magnitude of the motion signal is performed . Specifically , 
the cutoff frequency of the HPF 103 is gradually lowered as 
the panning operation approaches the end , so that the control 
is performed so as not to be lower the effect of image blur 
correction as much as possible . An example of the output 
signal of the HPF 103 upon a change of the cutoff frequency 
is shown by a graph line 315 with a solid line in the middle 
part of FIG . 3 . 
[ 0029 ] Swing - back can be generated by changing the 
cutoff frequency of the HPF 103. If the cutoff frequency of 
the HPF 103 is made lower toward the end of panning 
operation , a change in the low - frequency component of the 
motion signal may appear in the output signal of the HPF 
103 during a time period 309 included in the panning period 
of time . In a case where this change in the low - frequency 
component appears in the output signal of the HPF 103 , an 
undershoot motion is generated in the time period 309 . 
Subsequently , at the end of the panning motion , the low 
frequency motion component disappears from the motion 
signal , and the output signal of the HPF 103 approaches near 
zero in a time period 310 that is after the time period 309 . 
After the end of the panning , the motion in the time period 
310 appears on the screen as a motion like swinging - back to 
a direction opposite to the advancing direction of the pan 
ning . 
[ 0030 ] In FIG . 2 , the LPF calculation is performed in step 
S204 that is next to step S203 . The LPF 104 removes or 
reduces a high - frequency component from the output signal 
of the HPF 103 , and extracts a swing - back component . The 
swing - back component is a low - frequency component in the 
time period 309 and the time period 310 in FIG . 3. In step 
S205 , the period detection unit 105 detects a period of time 
( swing back time period ) during which the swing - back 
component appears in the output signal of the LPF 104 by 

[ 0032 ] During the panning period of a time determined by 
the motion determination unit 102 , the time 312 that is the 
time when the sign of the output signal of the LPF 104 has 
been switched is detected as the start time of the swing - back 
time period . At the subsequent time 307 , the motion deter 
mination unit 102 determines that panning has been com 
pleted . The period detection unit 105 detects the time 313 
when the magnitude ( absolute value ) of the output signal of 
the LPF 104 has fallen below the threshold ( see 311 ) as the 
end time of the swing - back time period . The swing - back 
time period 314 is a period of time obtained by combining 
the time period 309 and the time period 310. Note that there 
is hysteresis processing as an example of a countermeasure 
in the case where the sign of the output signal of the LPF 104 
is switched a plurality of times due to camera shake or the 
like in the determination of the start of the swing - back time 
period . 
[ 0033 ] In step S206 of FIG . 2 , based on the detection result 
of the period detection unit 105 and the determination result 
of the motion determination unit 102 , the gain control unit 
106 determines whether a priority should be given to the 
image blur correction or the swing - back correction depend 
ing on whether the motion caused by the camera shake or the 
motion caused by the swing - back is more conspicuous . The 
gain control unit 106 multiplies the output signal of the LPF 
104 by a gain in accordance with the determination result . 
Increasing the gain value causes the correction component 
of the swing - back to increase , which means that a higher 
priority is given to the swing - back correction than the image 
blur correction . The gain control method will be described 
below with reference to FIGS . 4A and 4B . 
[ 0034 ] In step S207 , the subtraction processing unit 107 
subtracts the output signal of the gain control unit 106 from 
the output signal of the HPF 103. The swing - back correction 
is performed by subtracting the swing - back component from 
the output signal of the HPF 103 . 
[ 0035 ] FIG . 4A illustrates an example of association 
between the panning speed ( or the tilting speed ) and the gain 
( referred to as “ G ” ) during the swing - back time period . The 
horizontal axis represents a speed of panning or the like , and 
indicates a first threshold 401 and a second threshold 402 
with respect to the speed . The second threshold 402 is larger 
than the first threshold 401. The vertical axis represents a 
gain value . 
[ 0036 ] During a period of time excluding a swing - back 
time period ( FIG . 3 : swing - back time period 314 ) , the 
swing - back does not occur , so that G = 0 is set and the 
swing - back correction is not performed , and only the image 
blur correction is performed . In contrast , during the swing 
back time period , gain multiplication is performed in the 
range OsGsl . As the motion signal increases and the pan 
ning speed increases , the motion of the undershoot of the 
output signal of the HPF 103 increases , and consequently the 
swing - back becomes more conspicuous than the camera 
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shake . Hence , the motion determination unit 102 determines 
a panning speed , and the gain control unit 106 performs 
control so as to increase the gain value so that the effect of 
the swing - back correction is more pronounced as the pan 
ning speed increases . In the example of FIG . 4A , two 
thresholds 401 and 402 are provided , where if the panning 
speed is equal to or less than the first threshold value 401 , 
G = 0 is set . Additionally , if the panning speed is equal to or 
higher than the second threshold value 402 , G = 1 is set . The 
thresholds 401 and 402 may be determined depending on 
whether the motions caused by the camera shake or the 
motion caused by the swing - back is more conspicuous . In 
the interval from the first threshold 401 to the second 
threshold value 402 , although a setting example in which the 
panning speed and the gain value change in a linear relation 
is shown , the present invention is not limited thereto , and the 
panning speed and the gain value may be associated with 
each other in a non - linear relation . 
[ 0037 ] Additionally , the gain may be controlled by using 
the panning acceleration obtained by differentiating the 
panning speed output from the motion determination unit 
102. In general , as the panning speed increases , the panning 
acceleration tends to change steeply . Therefore , the deter 
mination can be quickly performed by using the panning 
acceleration . The gain control method will be described with 
reference to FIG . 4B . 
[ 0038 ] FIG . 4B illustrates an example of the association 
between the panning acceleration ( or the tilting acceleration ) 
and the gain G during the swing - back time period . The 
horizontal axis represents acceleration such as panning or 
the like and indicates a first threshold 403 and a second 
threshold 404 with respect to the acceleration . The second 
threshold 404 is larger than the first threshold 403. The 
vertical axis represents a gain value . 
[ 0039 ] In a manner similar to the case of the panning 
speed , G = 0 is set except for the swing - back time period , and 
the swing - back correction is not performed , but only the 
image blur correction is performed . During the swing - back 
time period , a gain multiplication is performed in a range 
OsGsl . Based on the determination result of the panning 
acceleration , control that increases a gain value is performed 
so as to exhibit the effect of the swing - back correction more 
as the acceleration increases . In the example of FIG . 4B , 
G = 0 is set if the panning acceleration is equal to or less than 
the first threshold 403 , and G = 1 is set if the panning 
acceleration is equal to or more than the threshold 404. The 
thresholds 403 and 404 are determined depending on which 
motion is more conspicuous , the motion due to the camera 
shake or the motion due to the swing - back . In the interval 
from the first threshold 403 to the second threshold 404 , 
although a setting example in which the panning accelera 
tion and the gain value change in a linear relation is shown , 
both may be associated with each other in a non - linear 
relation . According to the present embodiment , in perform 
ing an operation such as panning , the swing - back correction 
and the image blur correction can be made compatible . 

[ 0041 ] The same reference numerals obtained by adding 
400 to the reference numerals of the components shown in 
FIG . 1 are used for the components that are the same as the 
components in the configurations as those in the first 
embodiment , and a detailed description thereof is omitted . 
[ 0042 ] A camera information acquisition unit 508 acquires 
camera information that is necessary for detecting a shooting 
state . The camera information is , for example , tripod deter 
mination information indicating a determination result with 
respect to whether or not the camera body is fixed to the 
tripod , and information about the magnitude of camera 
shake , a focal length , and a distance from the camera to the 
main object . An image information acquisition unit 509 
acquires information that is necessary for detecting an 
amount of motion of the main object in the captured image . 
[ 0043 ] A gain control unit 506 in the present embodiment 
performs gain control by using the information detected by 
a period time detection unit 505 and each information from 
the camera information acquisition unit 508 and the image 
information acquisition unit 509. The gain control unit 506 
multiplies the output signal of the LPF 504 by a gain , based 
on these pieces of information , and outputs the result to a 
subtraction processing unit 507. Note that in the present 
embodiment , a motion detection unit 501 detects a motion of 
the imaging apparatus by using an angular velocity sensor 
and the like , and a controller configured by at least one CPU 
functions as a motion determination unit 502 , an HPF 503 , 
the LPF 504 , the period time detection unit 505 , the gain 
control unit 506 , the subtraction processing unit 507 , the 
camera information acquisition unit 508 , the image infor 
mation acquisition unit 509 , and a correction control unit . 
[ 0044 ] With reference to the flowchart shown in FIG . 6 , 
the processing performed by the image blur correction 
device 500 will be described . Since the processes shown in 
steps S601 to S605 and S609 in FIG . 6 are the same as those 
shown in steps S201 to S205 and S207 in FIG . 2 , the 
description thereof will be omitted and the processes in steps 
S606 to S608 will be described . 
[ 0045 ] In step S606 , which follows step S605 , the camera 
information acquisition unit 508 acquires camera informa 
tion that is necessary for estimating a shooting state . In step 
S607 , the image information acquisition unit 509 acquires 
information that is necessary for estimating an amount of 
motion of the main object in the image to estimate the 
amount of motion of the main object . Any method may be 
used for the method for estimating the amount of motion . 
For example , there is a method for estimating the amount of 
motion by detecting the main object by using face detection 
or the like , and calculating a motion vector based on a 
moving amount between frames of the main object . 
[ 0046 ] In step S608 , the gain control unit 506 performs 
gain control based on the information detected by the period 
time detection unit 505 and each information of the camera 
information acquisition unit 508 and the image information 
acquisition unit 509. The gain control unit 506 determines 
whether a priority should be given to the image blur cor 
rection or the swing - back correction depending on whether 
the motion due to the swing - back or the motion due to other 
causes is more conspicuous , and multiplies the output signal 
of the LPF 504 by a gain . Increasing the gain value causes 
the swing - back correction component to increase , which 
means that more priority is given to the swing - back correc 

Second Embodiment 

[ 0040 ] Next , the second embodiment of the present inven 
tion will be described . In the following , parts that are 
different from those in the first embodiment will be 
described . FIG . 5 is a block diagram illustrating a configu 
ration of an image blur correction device 500 of the present 
embodiment . 
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tion than the image blur correction . The relation between the 
camera information , the image information , and the gain G 
will be described below . 
[ 0047 ] During a period of time other than the swing - back 
rime period , the gain control unit 506 sets G = 0 , regardless 
of the camera information and the image information , in 
accordance with the output of the period time detection unit 
505. In contrast , during the swing - hack time period , gain 
control is performed in accordance with the camera infor 
mation and the image information . First , the relation 
between the tripod determination information and the gain G 
will be described . If it is determined that the tripod is used , 
the camera shake is small and the motion due to the 
swing - back is more conspicuous , so that the setting of 
increasing the gain value is performed in order to give more 
priority to the swing - back correction than the image blur 
correction . For example , G = 1 is set if it is determined that 
the tripod is used , and G = 0.5 is set if it is determined that the 
tripod is not used . 
[ 0048 ] Next , the relation between the magnitude of cam 
era shake and the gain G will be described . As the amount 
of the camera shake decreases , the motion due to the 
swing - back becomes relatively more conspicuous , so the 
setting of increasing the gain value is performed in order to 
give more priority to the swing - back correction than the 
image blur correction . An example of the association 
between the magnitude of the camera shake and the gain G 
will be described with reference to FIG . 7A . The horizontal 
axis represents a magnitude of the camera shake and the 
vertical axis represents a gain value . 
[ 0049 ] FIG . 7A illustrates an example in which the first 
threshold 701 and the second threshold 702 are set . If the 
magnitude of the camera shake is equal to or smaller than the 
threshold 701 , G = 1 is set , and if the magnitude of the camera 
shake is equal to or larger than the threshold 702. G = 0 is set . 
The thresholds 701 and 702 are determined depending on 
which motion is more conspicuous , the motion caused by the 
camera shake or the motion caused by the swing - back . The 
example of FIG . 7A shows that , in the interval from the 
threshold 701 to the threshold 702 , the gain value decreases 
in a linear relation as the amount of the camera shake 
increases . The present invention is not limited to this 
example , and the magnitude of the camera shake and the 
gain may be associated with each other in a non - linear 
relation . 
[ 0050 ] With reference to FIG . 7B , the relation between the 
focal length of the imaging optical system and the gain G 
will be described . As the focal length increases , the amount 
of motion on the screen increases with respect to the amount 
of the motion of the image blur correct member . Accord 
ingly , even if the same panning operation is performed , the 
motion due to the swing - back becomes conspicuous as the 
focal length increases . Hence , the gain control unit 506 sets 
a large gain value so that the effect of the swing - back 
correction is more exhibited as the focal length increases . 
FIG . 7B illustrates an example of the association between 
the focal length and the gain G. The horizontal axis repre 
sents a focal length and the vertical axis represents a gain 
value . 
[ 0051 ] FIG . 7B illustrates an example in which the first 
threshold 703 and the second threshold 704 are set . G = 0 is 
set if the focal length is equal to or less than the threshold 
703 , and G = 1 is set if the focal length is equal to or more 
than the threshold 704. The thresholds 703 and 704 are 

determined depending on which motion is more conspicu 
ous , the motion caused by the camera shake or the motion 
caused by the swing - back . In the example of FIG . 713 , the 
gain value increases in a linear relation as the focal length 
increases in the interval from the threshold 703 to the 
threshold 704. The present invention is not limited to this 
example , and the focal length and the gain may be associated 
with each other in a non - linear relation . 
[ 0052 ] The relation between a main object distance and 
the gain G will be described with reference to FIG . 7C . The 
main object distance is a distance between the main object 
that is emphasized by a user in the image and the imaging 
apparatus . As the main object distance decreases , the ratio of 
the image of the main object occupying the screen increases , 
so that the motion of the main object due to the swing - back 
becomes conspicuous . Accordingly , the gain control unit 
506 sets a large gain value so that the effect of the swing 
back correction is more exhibited as the main object distance 
decreases . FIG . 7C illustrates an example of the association 
between the main object distance and the gain G. The 
horizontal axis represents a main object distance and the 
vertical axis represents a gain value . 
[ 0053 ] FIG . 7C illustrates an example in which the first 
threshold 705 and the second threshold 706 are set . G = 1 is 
set if the main object distance is equal to or smaller than the 
threshold 705 , and G = 0 is set if the main object distance is 
equal to or larger than the threshold 706. The thresholds 705 
and 706 are determined depending on which motion is more 
conspicuous , the motion of the main object caused by the 
camera shake and the motion of the main object caused by 
the swing - back . In FIG . 7C , in the interval from the thresh 
old 705 to the threshold 706 , the gain value decreases in a 
linear relation as the main object distance increases . The 
present invention is not limited to this example and the main 
object distance and the gain may be associated with each 
other in a non - linear relation . 
[ 0054 ] The relation between the amount of motion of the 
main object and the gain G will be described with reference 
to FIG . 7D . As the amount of motion of the main object 
increases , the motion of the main object becomes more 
conspicuous relative to the motion caused by the swing 
back , leading to lowering the effect of the swing - back . 
Hence , as the amount of motion of the main object increases , 
the gain control unit 506 lowers the gain value to weaken the 
effect of the swing - back correction . FIG . 7D illustrates an 
example of the association between the amount of motion of 
the main object and the gain G. The horizontal axis repre 
sents an amount of motion of the main object and the vertical 
axis represents a gain value . 
[ 0055 ] FIG . 7D illustrates an example in which the first 
threshold 707 and the second threshold 708 are set . G = 1 is 
set if the amount of motion of the main object is equal to or 
less than the threshold 707 , and G = 0 is set if the amount of 
motion of the main object is equal to or more than the 
threshold 708. The thresholds 707 and 708 are determined 
depending on which motion is more conspicuous , the 
motion of the main object itself or the motion of the main 
object caused by swing - back . In FIG . 7D , in the interval 
from the threshold 707 to the threshold 708 , the gain value 
decreases in a linear relation as the amount of motion of the 
main object increases . The present invention is not limited to 
this example , and the amount of motion of the main object 
and the gain may be associated with each other in a 
non - linear relation . 
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[ 0056 ] Next , weighted addition of gain values will be 
described . It is assumed that the information for estimating 
which is more conspicuous , the motion caused by the 
swing - back or the motion caused by another cause , has a 
plurality of pieces of information . The gain control unit 506 
performs weighted addition to each gain value obtained for 
each piece of acquired information to calculate a final gain 
value . For example , gains obtained from a panning speed , 
tripod determination , a magnitude of camera shake , a focal 
length , a main object distance , and an amount of motion of 
the main object are respectively denoted by Ga , Gb , Gc , Gd , 
Ge , and Gf , and their weights are respectively denoted by 
Wa , Wb , Wc , Wd , We , and Wf . These weights correspond to 
coefficients used for the weighted addition calculation , and 
the sum of the weights W ( = Wa + Wb + Wc + Wd + We + Wf ) is 
1. The final gain G is calculated by the following formula 
( 1 ) . 

G = Wa * Ga + W * G + W * Ge + W * G + W * Ge + W * Gf ( 1 ) 

The weight is set based on , for example , the certainty of the 
information source corresponding to each gain . If the cer 
tainty of each information source is the same or unknown , 
all weights should be set the same . 
[ 0057 ] In contrast , there is a method for determining the 
priority order of gains . In the method based on the priority , 
a priority order is given to each piece of obtained informa 
tion or a gain corresponding thereto , and a gain having a 
high priority is adopted . For example , if the camera shake is 
large , the motion due to the swing - back is concealed in the 
camera shake regardless of the panning speed . Hence , the 
gain control unit 506 makes the priority order for the 
magnitude of the camera shake higher than the panning 
speed . Additionally , if the panning speed is slow , the motion 
due to swing - back is small regardless of the focal length . 
Therefore , the gain control unit 506 makes the priority order 
for the panning speed higher than the focal length . In this 
example , the priority order is set in the order of the mag 
nitude of camera shake , the panning speed , and the focal 
length . According to the present embodiment , gain control in 
accordance with the camera information and image infor 
mation is performed during the swing - back time period , and 
the swing - back correction and the image blur correction can 
be made compatible . 

network of separate computers or separate processors to read 
out and execute the computer executable instructions . The 
computer executable instructions may be provided to the 
computer , for example , from a network or the storage 
medium . The storage medium may include , for example , one 
or more of a hard disk , a random - access memory ( RAM ) , a 
read only memory ( ROM ) , a storage of distributed comput 
ing systems , an optical disk ( such as a compact disc ( CD ) , 
digital versatile disc ( DVD ) , or Blu - ray Disc ( BD ) TM ) , a 
flash memory device , a memory card , and the like . 
[ 0059 ] While the present invention has been described 
with reference to exemplary embodiments , it is to be under 
stood 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 encom 
pass all such modifications and equivalent structures and 
functions . 
[ 0060 ] This application claims the benefit of Japanese 
Patent Application No. 2018-194836 , filed Oct. 16 2018 , 
which is hereby incorporated by reference wherein in its 
entirety . 
What is claimed is : 
1. An image blur correction device that corrects the image 

blur of an image comprising : 
a controller having a processor that executes instructions 

stored in a memory or having circuitry , the controller 
being configured to function as : 

a first filtering unit configured to reduce a low - frequency 
component of an output of a detector that detects a 
motion of an apparatus provided with the image blur 
correction device : 

a second filtering unit configured to reduce a high 
frequency component of the output of the first filtering 
unit ; 

a detection unit configured to detect a period of time 
during which a swing - back motion based on signal 
processing is generated , by using the output of the 
second filtering unit ; 

a gain control unit configured to determine a gain based 
on an output of the detection unit , multiply the output 
of the second filtering unit by the gain , and output the 
result : 

a subtraction processing unit configured to subtract an 
output of the gain control unit from the output of the 
first filtering unit ; and 

a control unit configured to perform control that corrects 
the image blur in accordance with an output of the 
subtraction processing unit . 

2. The image blur correction device according to claim 1 , 
wherein the controller further functions as a motion 

determination unit configured to determine a motion of 
the apparatus provided with the image blur correction 
device from the output of the detector and output a 
determination signal to the gain control unit ; and 

wherein the detector outputs a detection signal of panning 
or tilting to the motion determination unit . 

3. The image blur correction device according to claim 2 , 
wherein the gain control unit sets a first gain value if a 

speed of panning or tilting is a first value , and sets a 
second gain value that is larger than the first gain value 
if the speed of panning or tilting is a second value that 
is larger than the first value . 

Other Embodiments 

[ 0058 ] Embodiment ( s ) of the present invention can also be 
realized by a computer of a system or apparatus that reads 
out and executes computer executable instructions ( e.g. , one 
or more programs ) recorded on a storage medium ( which 
may also be referred to more fully as a ‘ non - transitory 
computer - readable storage medium ' ) to perform the func 
tions of one or more of the above - described embodiment ( s ) 
and / or that includes one or more circuits ( e.g. , application 
specific integrated circuit ( ASIC ) ) for performing the func 
tions of one or more of the above - described embodiment ( s ) , 
and by a method performed by the computer of the system 
or apparatus by , for example , reading out and executing the 
computer executable instructions from the storage medium 
to perform the functions of one or more of the above 
described embodiment ( s ) and / or controlling the one or more 
circuits to perform the functions of one or more of the 
above - described embodiment ( s ) . The computer may com 
prise one or more processors ( e.g. , central processing unit 
( CPU ) , micro processing unit ( MPU ) ) and may include a 
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4. The image blur correction device according to claim 2 , 
wherein the gain control unit sets a first gain value if 

acceleration of panning or tilting is a first value , and 
sets a second gain value that is larger than the first gain 
value if the acceleration of panning or tilting is a second 
value that is larger than the first value . 

5. An imaging apparatus comprising : 
an image sensor ; 
a controller having a processor that executes instructions 

stored in a memory or having circuitry , the controller 
being configured to function as : 

a first filtering unit configured to reduce a low - frequency 
component of an output of a detector that detects a 
motion of the imaging apparatus ; 

a second filtering unit configured to reduce a high 
frequency component of an output of the first filtering 
unit ; 

a detection unit configured to detect a period of time 
during which a swing - back motion based on signal 
processing is generated by using an output of the 
second filtering unit ; 

a gain control unit configured to determine a gain based 
on an output of the detection unit , multiply the output 
of the second filtering unit by the gain , and output the 
result ; 

a subtraction processing unit configured to subtract an 
output of the gain control unit from the output of the 
first filtering unit ; and 

a control unit configured to perform control that corrects 
the image blur of an image obtained by using the image 
sensor in accordance with an output of the subtraction 
processing unit . 

6. The imaging apparatus according to claim 5 , 
wherein the controller further functions as an acquisition 

unit configured to acquire information used for detect 
ing a shooting state ; and 

wherein the gain control unit determines the gain by using 
an output of the acquisition unit and the output of the 
detection unit . 

7. The imaging apparatus according to claim 6 , 
wherein the gain control unit sets a first gain value if the 

acquisition unit acquires information indicating that the 
imaging apparatus is attached to a tripod , and sets a 
second gain value that is smaller than the first gain 
value if the acquisition unit acquires information indi 
cating that the imaging apparatus is not attached to the 
tripod . 

8. The imaging apparatus according to claim 6 , 
wherein the gain control unit acquires information about 

an amount of shake of the imaging apparatus from the 
acquisition unit , sets a first gain value if the amount of 
shake of the image apparatus is a first value , and sets a 
second gain value that is smaller than the first gain 
value if the amount of shake of the image apparatus is 
a second value that is larger than the first value . 

9. The imaging apparatus according to claim 6 , 
wherein the gain control unit acquires information about 

a focal length of an imaging optical system from the 
acquisition unit , sets a first gain value if the focal length 
is a first value , and sets a second gain value that is 
larger than the first gain value if the focal length is a 
second value that is larger than the first value . 

10. The imaging apparatus according to claim 6 , 
wherein the gain control unit acquires distance informa 

tion of an object from the acquisition unit , sets a first 
gain value if the distance information of the object is a 
first value , and sets a second gain value that is smaller 
than the first gain value if the distance information of 
the object is a second value that is larger than the first 
value . 

11. The imaging apparatus according to claim 5 , 
wherein the controller further functions as an acquisition 

unit configured to acquire information to be used for 
detecting an amount of motion of an object in a 
captured image ; and 

wherein the gain control unit determines the gain by using 
an output of the acquisition unit and the output of the 
detection unit . 

12. The imaging apparatus according to claim 11 , 
wherein the gain control unit acquires information about 

an amount of motion of an object from the acquisition 
unit , sets a first gain value if the amount of motion of 
the object is a first value , and sets a second gain value 
that is smaller than the first gain value if the amount of 
motion of the object is a second value that is larger than 
the first value . 

13. The imaging apparatus according to claim 5 , 
wherein the gain control unit performs weighted addition 

to a plurality of calculated gains to determine the gain . 
14. The imaging apparatus according to claim 5 , 
wherein the gain control unit determines the gain in 

accordance the priority order for the calculated gains . 
15. A control method executed by an image blur correc 

tion device that corrects the image blur of an image com 
prising : 

detecting a motion of an apparatus provided with the 
image blur correction device by a detector ; 

reducing a low - frequency component of an output of the 
first detecting unit by a first filter ; 

reducing a high - frequency component of an output of the 
first filter by a second filter ; 

detecting a period of time during which a swing - back 
motion based on signal processing is generated by 
using an output of the second filter ; 

determining a gain based on a detected period of time and 
multiplying the output of the second filter by the gain ; 

subtracting a multiplied output from the output of the first 
filter , and 

performing control that corrects the image blur in accor 
dance with a subtracted output . 


