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APPARATUS AND SYSTEM FOR CORRECTION 
BASED UPON DETECTING A CAMERA SHAKING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the invention 

[0002] This invention is generally related to an apparatus 
and a method for correction based upon detecting a devia 
tion from a proper position of a camera, and more particu 
larly is related to an apparatus for correcting deviation from 
the proper camera position caused by shaking, such as hand 
shaking. 
[0003] 2. Background of the Invention 

[0004] Digital video cameras and digital still cameras, as 
kinds of camera are Well knoWn. When this kind of cameras 
shoot a subject, the optical system of the camera bring rays 
of light corresponding to the subject to a focus at an image 
pickup device and change the information of the light into 
the electric signals. 

[0005] When the camera shaking occur in the digital video 
camera, taken pictures slightly oscillate according to the 
camera shaking. Therefore, it is hard to Watch the repro 
duced pictures of digital video camera. 

[0006] In the digital still camera, the camera can not 
realiZe the short eXposure time because the sensitivity of the 
image pickup device is limited. The digital still camera goes 
out of focus When the camera shaking occurs. 

[0007] Therefore, the pictures taken by the digital still 
camera become blurry. 

[0008] Certain cameras have a function of correcting 
deviation caused by a slight oscillation based on a hand of 
an operator holding the camera shaking or by another cause 
for making the camera shake. 

[0009] There are some methods for detecting a camera 
shaking, and such methods utiliZe devices such as angular 
velocity sensors, a pieZoelectric gyro sensor, an acceleration 
sensor, and an optically detecting sensor. As another method 
for correcting a camera shaking, an image processing 
method is also knoWn. The most popular method for 
addressing camera shaking utiliZes a pieZoelectric gyro 
sensor for detecting a rotary motion of the camera body. 

[0010] Furthermore, detecting methods that utiliZe com 
binations of the above devices have also been suggested. 

[0011] When the camera is required to correction With 
eXtreme precision, the detecting system of the camera has to 
have siX sensors and siX actuators. The three sensors detect 
rotations around each three aXes. The other three sensors 
detect parallel motions along each three aXes. The actuators 
also adjust the optical devices such as the CCD or the lens 
according to the output of the sensors. 

[0012] HoWever, the present inventor has realiZed that if 
the camera have the siX sensors and the siX actuators, the 
Whole siZe of the camera is huge. 

[0013] The direction of the camera shaking most suscep 
tible to taking an image is a side-to-side motion that is called 
yaWing and an up-and-doWn motion that is called pitching. 

[0014] If the other camera shakings are ignored, the sys 
tem absolutely needs tWo sensors and tWo actuators. 
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[0015] In this case, even if the camera is equipped With 
four devices, the siZe of the camera is still big. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, one object of the present invention is 
to provide a novel system for correcting for any adverse 
in?uences generated by a camera shaking. 

[0017] Amore speci?c object of the present invention is to 
provide a novel system Which overcomes the draWbacks in 
the background art as noted above. 

[0018] To solve the above-noted and other problems, 
according to one aspect of the present invention, a detecting 
system for a deviation of a camera from shaking has at least 
tWo shaking detectors and one correcting device. 

[0019] The ?rst shaking detector detects a camera shaking 
corresponding to one aXis of a camera coordinate. The 
second shaking detector detects a camera shaking corre 
sponding to another aXis of the camera coordinate. The 
correcting device only adjusts a device corresponding to the 
?rst shaking detector in an optical system When a maXimum 
or minimum value is detected on the output signal from the 
second shaking detector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Amore complete appreciation of the present inven 
tion and many of the attendant advantages thereof Will be 
readily obtained as the same becomes better understood by 
reference to the folloWing detailed description When con 
sidered in connection With the accompanying draWings, 
Wherein: 

[0021] FIG. 11 is a conceptional model of a camera 
according to the present invention; 

[0022] FIG. 2(a) is a perspective vieW of a camera accord 
ing to a ?rst embodiment of the present invention; 

[0023] FIG. 2(b) shoWs a location betWeen pairs of 
Bimorph actuators and a CCD device in the present inven 
tion; 
[0024] FIG. 3 is a spectrum of angle detected by the 
angular velocity sensor in the present invention; 

[0025] FIG. 4 is a relation betWeen the spectrums of the 
angular velocity sensors in the present invention; 

[0026] FIG. 5 is a How chart for describing the present 
invention; 
[0027] FIG. 6(a) is a perspective vieW of a camera accord 
ing to a second embodiment of the present invention; 

[0028] FIG. 6(b) is a cross-sectional vieW of an actuator 
for the CCD in the second embodiment of the present 
invention; 
[0029] FIG. 7 is a block diagram for a total system in 
Which a position of a correction lens is adjusted When 
camera shaking occurs according to a third embodiment of 
the present invention; 

[0030] FIG. 8 is a block diagram for a total system in 
Which a position of a correction lens is adjusted by a 
Vari-angle prism and a position of a CCD device is adjusted 
When camera shaking occurs according to a fourth embodi 

ment; 
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[0031] FIG. 9(a) is a cross-sectional vieW of an optical 
system in Which a Vail-angle prism is employed When 
camera shaking does not occur; 

[0032] FIG. 9(b) is a cross-sectional vieW of an optical 
system in Which a Vari-angle prism is employed When 
camera shaking does occur; 

[0033] FIG. 10 is a perspective vieW of a camera accord 
ing to a ?fth embodiment of the present invention; 

[0034] FIG. 11 is a cross-sectional vieW of a relation 
betWeen outputs of acceleration sensors and a rotation angle 
according to the ?fth embodiment; 

[0035] FIG. 12 is a perspective vieW of a camera accord 
ing to a siXth embodiment of the present invention; 

[0036] FIG. 13 is a perspective vieW of a camera accord 
ing to a seventh embodiment of the present invention; 

[0037] FIG. 14 is a cross-sectional vieW of a location of 
a camera body When a camera shakes around a Xs ads; 

[0038] FIG. 15 is a block diagram for correcting a camera 
shaking according to the present invention; 

[0039] FIG. 16(a) is a spectrum of detected acceleration 
by acceleration sensors in the present invention; 

[0040] FIG. 16(b) is a spectrum of frequency When a 
camera shaking occurs; 

[0041] FIG. 17 is a relation betWeen eXposure periods and 
delayed times in the spectrum of detected angle by the 
angular velocity sensors; and 

[0042] FIG. 18 is a perspective vieW of a camera accord 
ing to a eighth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] A description Will noW be given of preferred 
embodiments according to the present invention by referring 
noW to the draWings, Wherein like reference numerals des 
ignate identical or corresponding structures throughout the 
views. 

[0044] FIG. 1 shoWs a conceptional vieW of a camera 1 
With a correction mechanism for correcting of camera shak 
ing according to the present invention. 

[0045] The camera 1 includes a camera body 10 and a lens 
11. An angular velocity sensor X, an angular velocity sensor 
Y, such as pieZoelectric gyro sensor, an image pickup device 
12 are set up in the camera body 10. The essential structure 
of the camera according to the present invention has tWo 
sensors and an actuator for adjusting a position of the optical 
device according to signal-detected by one of tWo sensors. 

[0046] FIG. 2(a),(b) shoWs one preferred embodiment of 
a camera 1 With a correction mechanism for correcting for 
camera shaking according to the present invention. 

[0047] The camera 1 includes a camera body 10 and a lens 
11. An angular velocity sensor X, an angular velocity sensor 
Y, such as pieZoelectric gyro sensor, an image pickup device 
12 are set up in the camera body 10. Aboard equipped With 
a controller support the image pickup device 12. In this 
embodiment, the image pickup device 12 employs a 2-di 
mensional CCD. 
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[0048] The camera coordinate system is de?ned such that 
the direction of the optical aXis is the Zs aXis, the gravity 
direction is the Ys aXis and the horiZontal direction perpen 
dicular to both the Zs aXis and the Ys aXis is the Xs aXis. The 
angular velocity sensors X, Y are located on the Xs aXis and 
Ys aXis each other. In the above camera coordinate system, 
the point of origin is at a center of the imaging surface of the 
CCD 12. 

[0049] When an operator holds the camera 1 at a general 
position, the YZ plane becomes a vertical plane against a 
horiZontal plane, and the Xs aXis becomes a horiZontal 
direction. 

[0050] The angular velocity sensor X is capable of detect 
ing the camera shaking based on an up-and-doWn motion as 
shoWn in the direction of an arroW A in FIG. 2(a). The 
angular velocity sensor X detects the rotation around an aXis 
in parallel With the Xs aXis, Which is called shaking in a 
pitching direction. 

[0051] Similarly, the angular velocity sensor Y is capable 
of detecting the camera shaking based on a side-to-side 
motion as shoWn in the direction of an arroW B in FIG. 2(a). 
The angular velocity sensor Y detects the rotation around an 
aXis in parallel With the Ys aXis, Which is called shaking in 
a yaWing direction. 

[0052] Therefore, the angular velocity sensors X and Y are 
capable of detecting the camera shaking corresponding to 
yaWing and pitching direction. 

[0053] According to FIG. 2(a), the angular velocity sen 
sors X are shoWn outside of the camera body 10 for the sake 
of the explanation of the present embodiment. HoWever, the 
real position of the above angular velocity sensors X, Y is in 
the camera body 10. 

[0054] The board 15 is equipped With the CCD 12 via a 
support board and a pair of Bimorph actuators 17 and 18, 
and the controller 16. The Bimorph actuators 17, 18 actuate 
the position of the CCD 12 via the support board toWard XY 
direction each other under control of the controller 16. 

[0055] NoW referring to FIG. 2(b), the support board is 
equipped With a pair of Bimorph actuators 17 for the Y 
direction and a pair of Bimorph actuators 18 for the X 
direction. The CCD 12 is located on the top of the pairs of 
Bimorph actuators 17, 18 on an opposite side to the board 
15. The position of the CCD device 12 is controlled based 
on the controller 16 equipped With the board 15. When the 
pair of Bimorph actuators 18 for the Y direction is driven, 
the CCD device 12 moves along the Ys direction. When the 
pair of Bimorph actuators 17 for the X direction is driven, 
the CCD device 12 moves along the Xs direction. 

[0056] NoW referring to FIG. 3, the signal of the angular 
velocity sensor X located on the Xs aXis is described. The 
output signal of the sensors generally becomes a Wave 
similar to a sinusoidal Wave each other When the sensors 
detect the camera shaking. 

[0057] In points of maXimum value or points of minimum 
value in the signal, the angle regulation at those points is the 
smallest in the signals. 

[0058] Therefore, the correction process and the shooting 
process are both carried out at the points of the maXimum 
value or minimum value. 
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[0059] NoW referring to FIG. 4, the signals of the angular 
velocity sensors are described each other. The signals from 
the angular velocity sensors do not synchronize. 

[0060] In the above mentioned, the camera shakings based 
on the pitching direction and the yaWing direction exert an 
in?uence upon the quality of the shooting image. The 
angular velocity sensor X is located on the Xs axis for 
sensing the camera shaking toWard pitching direction. The 
angular velocity sensor Y is also located on the Ys axis for 
sensing the camera shaking toWard yaWing direction. 

[0061] Therefore, When the system detect one of the 
camera shaking toWard to the yaWing or pitching direction 
at the time corresponding to the point of maximum or 
minimum value, the system corrects only one camera shak 
ing because the camera shaking in Which exist the maximum 
or minimum value become a negligible amount. The system 
is equipped With the only one actuator in order that the siZe 
of the camera is small. 

[0062] NoW referring to FIG. 5, the correction process is 
described. 

[0063] At ?rst, the system starts to detect the camera 
shaking toWard tWo directions of the axis When a user holds 
the camera at a step S1. 

[0064] The process proceed to a step S2, the camera 
calculates the periodicity of the signal corresponding to Xs 
direction. 

[0065] The process proceeds to the next step S3. The 
system also calculates the interval time T1 corresponding to 
the time from the maximum value to the next maximum 
value or from the maximum value to the next minimum 
value based on the periodicity T at a step S3. 

[0066] Finally, the process proceeds to next step S4. At the 
step S4, the system only adjusts the position of the optical 
device along the Ys axis corresponding to the yaWing 
direction While close by the next minimum value or the next 
maximum value and carries out the shooting at that mini 
mum value or that maximum value, after the angular veloc 
ity sensor X detects the maximum value. 

[0067] The system of the present invention only has one 
actuator corresponding to the axis among the camera coor 
dinate. 

[0068] Therefore, the siZe of the camera is smaller than the 
one of the prior camera. 

[0069] In the above embodiment, the angular velocity 
sensors are located on Xs and Ys axes. But, the angular 
velocity sensors are capable of locating Ys and Zs axes or Xs 
and Zs axes. 

[0070] NoW referring to FIG. 6(a), (b), a second embodi 
ment in Which a pair of voice coil motors 27 is employed as 
actuators for driving the CCD 12 is described. A voice coil 
motor 27 is a driver for the position in the Ys direction of the 
CCD 12. The other voice coil motor 28 is a driver for the 
position in the Xs direction of the CCD 12. Both voice coil 
motors 27, 28 are attached With the support board 19 and 
adjust the position of the CCD 12 via the support board 19 
under control of the controller 16 as shoWn FIG. 6(a). The 
other elements in FIG. 6(a), (b) are the same as in the ?rst 
embodiment, and therefore a redundant explanation except 
to the pair of the voice coil motors 27, 28 has been omitted. 
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[0071] NoW referring to FIG. 7, a third embodiment is 
described in this embodiment, the actuator for CCD 12 does 
not exist. Therefore, the position of the CCD 12 is ?xed. 

[0072] When the MPU 60 input the trigger signals from 
the trigger device 61, the angular velocity sensors X, Y start 
to detect the angular velocity by the camera shaking under 
control the MPU 60. The lens 11 may be formed of a ?xed 
lens 121, a shutter S, a correction lens 122, and a focus lens 
123. The focus lens 123 is held in the lens 11, and can move 
toWard the optical axis. After an actuator 56 moves the focus 
lens 123 along the optical axis, a position detector 55 detects 
the position of the focus lens 123 on the optical axis. The 
detected position data of the focus lens 123 is forWarded to 
a MPU 60. The MPU 60 then controls the position of the 
focus lens 123 according to control programs. 

[0073] The correction lens 122 is a lens for adjustment of 
the camera shaking and is capable of moving toWard to the 
direction of Ys axis. An actuator 54 moves the correction 
lens 122 under control the MPU 60. The position detectors 
51 can detect the position of the correction lens 122 after 
adjustment. 
[0074] The actuator 54 and position detectors 51 are a part 
of a mechanical potion for the correction of the camera 
shaking. The MPU 60 is a part of the controller 16. The 
controller 16 controls the actuators 54, 56 according to the 
angular velocity detected by the angular velocity sensors X 
and Y and position information of position detector 51. 

[0075] A trigger device 61, such as a shutter release 
button, generates a trigger signal When the shutter release 
button is pushed to a halfWay position. When the trigger 
signal is generated, the controller inputs electric poWer into 
the angular velocity sensors and the drivers of the actuators. 

[0076] The angular velocity sensors and the drivers only 
require the electric poWer during taking a shot. Therefore, 
the electric poWer supply controlled according to the trigger 
signal avoids electric poWer loss. 

[0077] The above embodiment is also capable of employ 
ing a magnetostriction device or an ultrasound motor, as 
other examples. 

[0078] NoW referring to FIG. 8, in a fourth embodiment, 
the camera substitutes a correct lens for a Vari-angle prism. 

[0079] A vari-angle prism 65 is located in the optical 
system on the optical axis. The vari-angle prism can control 
a variable rotation angle as shoWn in FIG. 9(a) and The 
structure of the vari-angle prism 65 may be that tWo opti 
cally transparent boards are connected With an accordion 
device and sandWich a liquid With a high refractive index 
With the transparent boards. The controller controls the 
variable rotation angle of the prism 65 according to the 
camera shaking. One example of details of an explanation of 
the Vari-angle prism can be found in WWW site URL 
“http://WWW.usa.canon.com/indtech/broadcasteq/vaplens.h 
tml”, the contents of this reference being incorporated herein 
by reference. 

[0080] Still referring to FIG. 9(a), When the camera 
shaking does not occur, the variable rotation angle equals 
Zero. When the camera shaking does occur, the variable 
rotation angle is controlled according to the detected angular 
velocity, and calculated angular velocity and angle under 
control of the controller as shoWn FIG. 9(b). 
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[0081] The other elements in FIG. 8 are the same as in the 
third embodiment, and therefore a redundant explanation 
has been omitted. 

[0082] NoW referring to FIG. 10, another embodiment of 
the angular velocity sensors in the camera 1 With the 
correction mechanism is described. The camera according to 
?fth embodiment has tWo pairs of acceleration sensors on 
each axis of the camera coordinate instead of the pieZoelec 
tric gyro sensor in the ?rst embodiment. 

[0083] A pair of acceleration sensors X1, X2, a pair of 
acceleration sensors Z1, Z2 are located on Xs, Zs axis each 
other. The camera 1 includes a camera body 10 and a lens 11. 
The pair of acceleration sensors X1, X2, the pair of accel 
eration sensors Z1, Z2, an image pickup device 12 such as 
CCD, a board 15 equipped With a controller 16, and actua 
tors 17, 18 are set up in the camera body 10. The CCD 12 
is supported on a support board 19 located on the board via 
Bimorph actuators 17 and 18. The camera 1 brings into focus 
a target object in Which is located an object position (Ob). 
The image corresponding to the target object is in focus at 
an imaging surface of the CCD 12 by lens 11. 

[0084] The pair of acceleration sensors Z1, Z2 is located 
on the optical axis. The camera coordinate system is de?ned 
such that the direction of the optical axis is the Zs axis, the 
gravity direction is the Ys axis, and the horiZontal direction 
perpendicular to both the Zs axis and the Ys axis is the Xs 
axis. In the above camera coordinate system, the point of 
origin is at a center of the imaging surface of the CCD 12. 

[0085] When an operator holds the camera 1 at a general 
position, the YZ plane becomes a vertical plane against a 
horiZontal plane, and the Xs axis becomes a horiZontal 
direction. 

[0086] The pair of acceleration sensors Z1, Z2 is capable 
of detecting an up-and-doWn motion based on the camera 
shaking, Which is called shaking in a pitching direction as 
shoWn in the direction of an arroW A in FIG. 10. The pair 
of the acceleration sensors Z1, Z2 is located apart from each 
other at a predetermined distance in the optical direction. 
The pair of accelerator sensors Z1, Z2 detects the rotation 
around an axis in parallel With the Xs axis. 

[0087] Similarly, the pair of acceleration sensors X1, X2 is 
capable of detecting a side-to-side motion based on the 
camera shaking, Which is called shaking in a yaWing direc 
tion as shoWn in the direction of an arroW B in FIG. 10. The 
pair of the acceleration sensors X1, X2 is located apart from 
each other at a predetermined distance in the Xs direction. 
The pair of acceleration sensors X1, X2 detects the rotation 
around an axis in parallel With the Ys axis. 

[0088] Therefore, the tWo pairs of acceleration sensors X1, 
X2 and Z1, Z2 are capable of detecting the camera shaking 
corresponding to yaWing and pitching Which are susceptible 
to taking an image. 

[0089] The system is also capable of employing tWo sets 
of the acceleration sensors X1, X2 and Y1, Y2 or tWo sets 
of the acceleration sensors Z1, Z2 and Y1, Y2. 

[0090] In this case, the pair of the acceleration sensors Y1, 
Y2 is located apart from each other at a predetermined 
distance in the Ys direction. 

[0091] Still referring to FIG. 10, the pair of acceleration 
sensors X1, X2 is shoWn outside of the camera body 10 for 
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the sake of the explanation of the present embodiment. 
HoWever, the real position of the above pairs of acceleration 
sensors X1, X2 and Z1, Z2 is in the camera body 10. 

[0092] The support board 19 equipped With a pair of 
Bimorph actuators 17 for the Y direction and a pair of 
Bimorph actuators 18 for the X direction is same as the ?rst 
embodiment. 

[0093] NoW referring to FIG. 11, the pair of acceleration 
sensors Z1, Z2 detects the camera shaking in the pitching 
direction according to the camera shaking. 

[0094] FIG. 11 shoWs a draWing of a cross-section of the 
YZ plane. 

[0095] When the camera body 10 is inclined at an angle 0 
toWard Ob in the YZ plane as a result of up-and-doWn 
motion of the camera, the output of the acceleration sensor 
Z1 is acceleration A1 at a distance L 1‘ from Ob, and the 
output of the acceleration sensor Z2 is acceleration A2 at a 
distance L2 from Ob. The accelerations A1 and A2 are 
described in the folloWing equations (1), In the equa 
tions (1), (2), a) is rotation angular velocity, and t is time. 

A] 11%;’) (1) 

A2 ?aw?) (2) 

[0096] When equation (1) is subtracted from equation 

[0097] The distance (L2‘—L 1‘) equals the distance 
betWeen the position of acceleration sensor Z1 and position 
of the acceleration sensor Z2, (L2-L1). The distance (L2 
L1) is a predetermined unique value for each camera. 
Further, the subtraction of the accelerations (A2-A1) can be 
calculated based upon the output of the pair of the accel 
eration sensors Z1, Z2. Therefore, the angular acceleration 
(duu/dt) can be obtained from the above equations (1), (2), 
(3). 
[0098] Proceeding to a next step, before the exposure is 
carded out, a position of the camera 1 is de?ned as an initial 
position and an initial time is de?ned as t=0 at the initial 
position. During exposure, the angular acceleration (duu/dt) 
is integrated With respect to t betWeen every time interval, 
Which are divided plural time sectors from t=0 to the total 
exposure time period. The angular velocity u) and the 
rotation angle 0 is then calculated. 

[0099] A camera shaking by rotation around an axis in 
parallel With the Ys axis based on the side-to-side motion of 
the camera is similarly calculated based upon the output of 
the pair of acceleration sensors X1, X2. 

[0100] NoW referring to FIG. 12, a sixth embodiment in 
Which a pair of voice coil motors 27 is employed as actuators 
for driving the CCD 12 is described as same as the second 



US 2005/0168587 A1 

embodiment. The other elements in FIG. 12 are the same as 
in the ?fth embodiment, and therefore a redundant eXpla 
nation has been omitted. 

[0101] NoW referring to FIG. 13, a seventh embodiment 
in Which a pair of multilayer piezoelectric actuators 37, 38 
is employed as actuators for driving the CCD 12 is 
described. The multilayer pieZoelectric actuator 37 is a 
driver for the position in the Xs direction of the CCD 12. The 
other multilayer pieZoelectric actuator 38 is a driver for the 
position in the Ys direction of the CCD 12. Both multilayer 
pieZoelectric actuators 37, 38 are also attached With the 
support board 19 and adjust the position of the CCD 12 via 
the support board 19 under control of the controller 16. The 
other elements in FIG. 12 are the same as in the ?fth 
embodiment, and therefore a redundant explanation eXcept 
of the pairs of the multilayer pieZoelectric actuators 37, 38 
has been omitted. 

[0102] NoW referring to FIG. 14, When a rotation 0X 
around an aXis in parallel With the Xs aXis occurs as a result 
of the camera shaking, a focus point of the object moves out 
from an initial point O to a point C. The amount of deviation 
betWeen the initial point O and the point C is de?ned as AY. 

[0103] The focus distance of the lens 11 is f. The distance 
L‘ is a distance betWeen the focus point of the lens 11 and the 
image focusing point in the CCD 12. The distance L is a 
distance betWeen the focus point of the lens 11 and the point 
of the object. A detail of the explanation of the distances L, 
L‘ is described in “Point To Note and HoW to Use of Optical 
Device in Order to Use the Optelectronics Technique”, by 
Tetsuo Sueda, Optelectronics, P36-37, the contents of this 
reference being incorporated herein by reference. 

[0104] A scaling [3 is de?ned as [3=f/L. And, L‘=f2/L. 

AY=(1+[5)2-6x-f (4) 
[0105] The folloWing equation is derived from the above 
equation (4) differentiated With respect to time t. 

[0106] Similarly, the equation (6) is also derived from an 
equation differentiated With respect to time t When a rotation 
0y around an aXis in parallel With the Ys aXis occurs as a 
result of the camera shaking, a focus point of the object 
moves out from the initial point 0 to point C. 

(6) 

[0107] The vales dGX/dt and d0y/dt can be derived from 
the integrated value of the dto/dt in the equations (1) and 
Therefore, the values AX and AY are derived from the above 
equations. 

[0108] The values AX and AY are values that the distance 
of the image focusing point in the CCD 12 should be 
corrected by the adjustment of the position of the CCD 12, 
or the optical system. 
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[0109] NoW referring to FIG. 15, the outputs of the pair of 
the acceleration sensors Z1, Z2 are input to ?lters 31, 32. 
The ?lters 31, 32 are made up of a loW pass ?lter and a high 
pass ?lter. The high pass ?lter cuts a DC (direct current) 
component corresponding to the component of the gravity 
acceleration. The high pass ?lter is capable of reducing the 
offset noise at the position that the camera stands still. As 
another solution for reducing the offset noise at the position 
that the camera stands still, the system can detect the DC 
component of the camera shaking detector, and then subtract 
the DC component Which is de?ned as the offset value from 
the detected signals. The loW pass ?lter of ?lters 31, 32 cuts 
the component of the frequency more than 20 HZ in the 
output of the acceleration sensors. 

[0110] A similar structure is employed for ?lters 33, 34 
Which receive outputs from the accelerator sensors X1, X2. 

[0111] Referring to FIG. 16(a) and 16(b), When the cam 
era body is made of aluminum, the general deviation of the 
angular velocity according to time is described. The poWer 
spectrum corresponding to the deviation of the angular 
velocity is described in FIG. 16(b). The time deviation of 
the poWer 30spectrum of the angular velocity in the camera 
shaking depends on less than 20 HZ according to FIG. 16(b). 

[0112] Therefore, When a frequency component greater 
than 20 HZ of the poWer spectrum is cut by the loW pass ?lter 
of ?lters 31, 32, the ?lter reduces noise or undesired signals, 
and ?nally gains the desired signal for the correction of the 
camera shaking. 

[0113] Still referring to FIG. 15, the acceleration values 
reduced by the undesired signals by each ?lter 31, 32, 33, 34 
is input to angular acceleration calculators 35 and 36. 
Angular acceleration calculators 35, 36 calculate the angular 
acceleration based upon the above equations. Each calcu 
lated angular acceleration is input in integrators 37 and 38. 
The integrators 37 and 38 integrate the angular acceleration 
into angular velocity based upon the above equations and 
further integrate the angular velocity into angles. 

[0114] A correction calculator 39 inputs the calculated 
angular velocity and the angle, and calculates the amount of 
movement of the actuators. An actuator driver 140 drives 
actuators according to the above amount of movement. 

[0115] Finally, the CCD 12 is adjusted to the proper 
positioning based on the driving of the actuators. 

[0116] NoW referring to FIG. 17, It may be desired that 
shooting process is carried out at the point Where the 
maXimum value or the minimum value is detected. 

[0117] The delayed time from the former point detected 
the maXimum value is calculated according to the eXposure 
period of Which the center of the eXposure time eXist at the 
point Where the neXt maXimum value or the neXt minimum 
value of the camera shaking. 

[0118] Therefore, as shoWn FIG. 17, When the eXposure 
periods T1 and T2 set predetermined value each other, the 
delayed time t1, t2 are automatically determined. 

[0119] NoW referring to FIG. 18, light detectors Xp1, 
Xp2, Yp1, Yp2 and a light emitter P are employed in the 
camera. 

[0120] The light detectors Xp1, Xp2, Yp1, Yp2 and the 
light emitter P element are attached on the side of the 
photographic subject. 






