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(57) ABSTRACT 

An apparatus and a method for correction of a deviation of 
an imaging Sensor of a digital camera in which an image of 
an object or a Scene is formed on an image plane of the 
imaging Sensor to output an image Signal, are disclosed. A 
quantity of rotation of the digital camera causing a deviation 
of the imaging Sensor from a reference position to occur, is 
detected. A change of a positional angle of the imaging 
Sensor is calculated based on the detected rotation quantity. 
A target vector is calculated based on the calculated posi 
tional angle change, the target vector describing a magnitude 
and a direction of an inverse movement of the imaging 
Sensor needed to reach the reference position and cancel the 
deviation. Movement of the imaging Sensor is controlled 
based on the calculated target vector, So that the imaging 
Sensor is moved back to the reference position thus correct 
ing the deviation. The calculation of the target vector and the 
movement of the imaging Sensor are executed within an 
image acquisition time for a single frame of the image 
Signal. 
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APPARATUS AND METHOD FOR CORRECTION 
OF A DEVIATION OF DIGITAL CAMERA 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an apparatus and a 
method for correction of a deviation of an imaging Sensor of 
a digital camera which may be produced by a slight oscil 
lation of the human hand in taking a photograph using the 
digital camera. 
0003 2. Description of the Related Art 
0004 Recently, the rapid growth of digital cameras for 
busineSS uses as well as for personal uses has been experi 
enced. Developments of digital cameras having a Small size 
and a light weight with low cost will be increased. With the 
developments of Such digital cameras, attention will be 
focused on correction of a deviation of a digital camera 
caused by a slight oscillation of the human hand when taking 
a photograph with the digital camera. 
0005 If an imaging sensor of the digital camera deviates 
from a reference position due to the oscillation of the 
operator, a dim image will be reproduced by the digital 
camera. If the deviation of the imaging Sensor is not cor 
rected, it is difficult for the digital camera to provide good 
quality of a reproduced image. Therefore, there is a demand 
for a digital camera which is capable of automatically 
correcting a deviation of the imaging sensor which may be 
produced by a slight oscillation of the operator who takes a 
photograph with the digital camera. 
0006. In the fields of video cameras, techniques for 
correction of an image deviation of the Video camera are 
known. For example, Japanese Laid-Open Patent Applica 
tion No.64-78581 discloses a video camera deviation cor 
recting device. This deviation correcting device includes a 
frame memory which Stores an image Signal. An image 
deviation caused by a camera deviation is detected from a 
difference in image data between two frames in a Sequence 
of continuously processed image frames. When an image 
deviation is detected, the image data is processed with the 
frame memory by controlling the read/write timing of the 
frame memory So as to correct the image deviation. 
0007. In the device of the above publication, an accel 
eration Sensor is provided to detect a camera motion. How 
ever, there is provided no moving mechanism which moves 
the imaging Sensor based on the detected motion, So as to 
cancel the camera deviation having caused the image devia 
tion. 

0008 Japanese Laid-Open Patent Application No. 
2-103023 discloses a video camera deviation correcting 
device. The deviation correcting device includes horizontal 
and vertical line Sensors which detect an image deviation 
caused by a camera deviation. Such an image deviation is 
detected from a difference in image data between two frames 
in a Sequence of continuously processed image frames. 
When an image deviation is detected, the imaging Sensor is 
moved on a plane perpendicular to the optical axis of the 
Video camera lens by a moving mechanism So as to correct 
the image deviation. 
0009 Japanese Laid-Open Patent Application No. 
6-46322 discloses an imaging apparatus having a deviation 
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correcting function. The deviation correcting function of the 
imaging apparatus is applied to a Video camera. A camera 
motion is detected by a vibration sensor. When a camera 
motion is detected, the imaging Sensor is moved on a plane 
perpendicular to the optical axis of the Video camera lens by 
a moving mechanism Such that the center of the imaging 
Sensor is aligned with the optical axis of the Video camera 
lens. 

0010. The conventional techniques of the above publica 
tions are applied to the Video cameras in which a sequence 
of image frames is continuously acquired and processed. 
However, it is very difficult to directly apply the video 
camera techniques to digital cameras in which a single frame 
of image data is acquired in an image acquisition time. In the 
case of digital cameras, it is necessary to correct a deviation 
of the imaging Sensor of the digital camera within an image 
acquisition time for a Single frame, in order to eliminate the 
degradation of quality of a reproduced image due to a slight 
oscillation of the operator. 
0011 Further, in the conventional techniques of the 
above publications, there is no teaching about how to detect 
the magnitude and the direction of an imaging Sensor 
deviation with a required level of accuracy, and how to move 
the imaging Sensor based on the detection result in an 
effective manner So as to cancel the imaging Sensor devia 
tion. It is desirable to provide Such new techniques for 
digital cameras, in order to incorporate therein the functions 
to effectively correct a deviation of the imaging Sensor and 
to reliably prevent the degradation of quality of a reproduced 
image due to a slight oscillation of the operator in taking a 
photograph with the digital camera. 

SUMMARY OF THE INVENTION 

0012. An object of the present invention is to provide a 
novel and useful deviation correcting apparatus and method 
in which the above-described problems are eliminated. 
0013 Another object of the present invention is to pro 
vide a digital camera deviation correcting apparatus which 
reliably prevents the degradation of quality of a reproduced 
image of the digital camera due to a slight oscillation of the 
operator by correcting a deviation of the imaging Sensor of 
the digital camera in an effective manner through an accurate 
detection of the imaging Sensor deviation and a controlled 
movement of the imaging Sensor based on the detection 
result. 

0014 Still another object of the present invention is to 
provide a digital camera deviation correcting method which 
reliably prevents the degradation of quality of a reproduced 
image of the digital camera due to a slight oscillation of the 
operator by correcting a deviation of the imaging Sensor of 
the digital camera in an effective manner through an accurate 
detection of the imaging Sensor deviation and a controlled 
movement of the imaging Sensor based on the detection 
result. 

0015 The above-mentioned objects of the present inven 
tion are achieved by an apparatus for correcting a deviation 
of an imaging Sensor of a digital camera in which an image 
of an object or a Scene is formed on an image plane of the 
imaging Sensor So that the imaging Sensor outputs an image 
Signal, which comprises: a rotation detecting unit which 
detects a quantity of rotation of the digital camera causing a 



US 2004/01 19836A1 

deviation of the imaging Sensor from a reference position to 
occur; a positional angle calculating unit which calculates a 
change of a positional angle of the imaging Sensor based on 
the rotation quantity detected by the rotation detecting unit; 
a target vector calculating unit which calculates a target 
vector based on the positional angle change calculated by 
the positional angle calculating unit, the target vector 
describing a magnitude and a direction of an inverse move 
ment of the imaging Sensor needed to reach the reference 
position and cancel the deviation; and a movement control 
unit which controls movement of the imaging Sensor based 
on the target vector calculated by the target vector calculat 
ing unit, So that the imaging Sensor is moved back to the 
reference position thus correcting the deviation, wherein the 
calculation of the target vector and the movement of the 
imaging Sensor are executed within an image acquisition 
time for a single frame of the image Signal. 
0016. The above-mentioned objects of the present inven 
tion are achieved by a method of correcting a deviation of an 
imaging Sensor of a digital camera in which an image of an 
object or a Scene is formed on an image plane of the imaging 
Sensor So that the imaging Sensor outputs an image Signal, 
comprising the Steps of detecting a quantity of rotation of 
the digital camera causing a deviation of the imaging Sensor 
from a reference position to occur; calculating a change of 
a positional angle of the imaging Sensor based on the 
detected rotation quantity; calculating a target vector based 
on the calculated positional angle change, the target vector 
describing a magnitude and a direction of an inverse move 
ment of the imaging Sensor needed to reach the reference 
position and cancel the deviation; and controlling movement 
of the imaging Sensor based on the calculated target vector, 
So that the imaging Sensor is moved back to the reference 
position thus correcting the deviation, wherein the calcula 
tion of the target vector and the movement of the imaging 
Sensor are executed within an image acquisition time for a 
Single frame of the image Signal. 
0.017. In the digital camera deviation correcting apparatus 
and method of the present invention, a quantity of rotation 
and/or a quantity of translation of the digital camera, causing 
a deviation of the imaging Sensor from the reference position 
to occur, is detected by a rotation detecting unit and/or a 
translation detecting unit. A change of the positional angle of 
the imaging Sensor is calculated based on the detected 
rotation quantity. A change of the quantity of translation of 
the imaging Sensor is calculated based on the detected 
translation quantity. A target vector is calculated based on 
the calculated positional angle change and the calculated 
translation quantity change, the target vector describing a 
magnitude and a direction of an inverse movement of the 
imaging Sensor needed to reach the reference position and 
cancel the deviation. Movement of the imaging Sensor is 
controlled based on the calculated target vector, So that the 
imaging Sensor is moved back to the reference position thus 
correcting the deviation. The calculation of the target vector 
and the movement of the imaging Sensor are executed within 
an image acquisition time for a single frame of the image 
Signal. It is possible for the digital camera incorporating the 
principles of the present invention to provide good quality of 
a reproduced image as the degradation of quality of a 
reproduced image due to a slight oscillation of the operator 
is effectively prevented. It is possible that the apparatus and 
the method of the present invention effectively corrects a 
deviation of the imaging Sensor of the digital camera 
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through an accurate detection of the imaging Sensor devia 
tion and a controlled movement of the imaging Sensor based 
on the detection result. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings in which: 
0019 FIG. 1A is a block diagram of one embodiment of 
a digital camera deviation correcting apparatus of the 
present invention; 
0020 FIG. 1B is a flowchart for explaining one embodi 
ment of a digital camera deviation correcting method of the 
present invention; 
0021 FIG. 2A is a block diagram of another embodiment 
of the digital camera deviation correcting apparatus of the 
present invention; 
0022 FIG. 2B is a flowchart for explaining another 
embodiment of the digital camera deviation correcting 
method of the present invention; 
0023 FIG. 3 is a diagram for explaining a camera 
coordinate System and a world coordinate System used to 
execute a positional angle calculation in the digital camera 
deviation correcting apparatus of the present invention; 
0024 FIG. 4 is a diagram for explaining the principles of 
a target vector calculation and an imaging Sensor movement 
executed in the digital camera deviation correcting apparatus 
of the present invention; 
0025 FIG. 5 is a perspective view of one embodiment of 
an imaging Sensor movement mechanism applicable to the 
digital camera deviation correcting apparatus of the present 
invention; 

0026 FIG. 6 is a top view of the imaging sensor move 
ment mechanism of FIG. 5 when looking along a vertical 
rotation axis toward the origin of a camera coordinate 
System; 

0027 FIG. 7 is a side view of the imaging sensor 
movement mechanism of FIG. 5 when looking along an 
optical axis of the digital camera toward the origin of the 
camera coordinate System; 
0028 FIG. 8 is a side view of another embodiment of the 
imaging Sensor movement mechanism applicable to the 
digital camera deviation correcting apparatus of the present 
invention; 
0029 FIG. 9 is a diagram for explaining the principles of 
the digital camera deviation correcting apparatus with the 
imaging Sensor movement mechanism of FIG. 8 being 
incorporated therein; 

0030 FIG. 10 is a perspective view of one embodiment 
of a translation detecting device applicable to the digital 
camera deviation correcting apparatus of the present inven 
tion; and 

0031 FIG. 11 is a perspective view of one embodiment 
of a translation transmitting device applicable to the digital 
camera deviation correcting apparatus of the present inven 
tion. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0032. A description will now be given of the preferred 
embodiments of the present invention with reference to the 
accompanying drawings. 

0.033 FIG. 1A shows a digital camera deviation correct 
ing apparatus embodying the present invention. 

0034. In a digital camera to which one embodiment of the 
present invention is applied, an image of an object or a Scene 
is formed on an image plane of an imaging Sensor So that the 
imaging Sensor outputs a digital image Signal. The digital 
camera deviation correcting apparatus of the present 
embodiment is provided for correcting a deviation of the 
imaging Sensor of the digital camera which may be produced 
by a slight oscillation of the human hand in taking a 
photograph using the digital camera. 

0035. As shown in FIG. 1A, the digital camera deviation 
correcting apparatus of the present embodiment includes a 
rotation detecting unit 10 which detects a quantity of rota 
tion of the digital camera which causes a deviation of an 
imaging Sensor 9 from a reference position to occur. The 
imaging Sensor 9 is comprised of a CCD (charge-coupled 
device) or a CMOS (complementary metal oxide semicon 
ductor) device. The rotation detecting unit 10 may include a 
Set of acceleration Sensors provided to output Signals indica 
tive of accelerations of the digital camera along an X axis, 
a Y axis and a Z axis of a world coordinate System, and a set 
of magnetic Sensors provided to output Signals indicative of 
magnetic fields of the digital camera along the X axis, the-Y 
axis and the Z axis of the World coordinate System. 
0036) A positional angle calculating unit 12 calculates a 
change of a positional angle of the imaging Sensor 9 based 
on the rotation quantity detected by the rotation detecting 
unit 10. The positional angle calculating unit 12 may include 
a set of analog-to-digital converters and a microprocessor 
with a memory. A target vector calculating unit 14 calculates 
a target vector based on the positional angle change calcu 
lated by the positional angle calculating unit 12, the target 
vector describing a magnitude and a direction of an inverse 
movement of the imaging Sensor 9 needed to reach the 
reference position and cancel the deviation. The target 
vector calculating unit 14 may include a set of digital-to 
analog converters and a microprocessor with a memory. 

0037. In the digital camera deviation correcting apparatus 
of FIG. 1A, a drive control circuit 16 drives a displacement 
transmitting element 18 connected to the imaging Sensor 9, 
based on the target vector calculated by the target vector 
calculating unit 14. The imaging Sensor 9 is moved in the 
inverse direction by a given displacement by the displace 
ment transmitting element 18. During the movement of the 
imaging Sensor 9, the resulting displacement of the imaging 
sensor 9 given by the displacement transmitting element 18 
is detected by a displacement detecting element 20 con 
nected to the imaging Sensor 9. A detection Signal output by 
the displacement detecting element 20 is Supplied to the 
drive control circuit 16. A closed loop control of the imaging 
Sensor movement is carried out. Based on the detection 
Signal Supplied, the drive control circuit 16 continues to 
drive the displacement transmitting element 18 until the 
imaging Sensor 9 reaches the reference position. The drive 
control circuit 16, the displacement transmitting element 18 
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and the displacement detecting element 20 constitute a 
movement control unit which controls movement of the 
imaging Sensor 9 So that the imaging Sensor 9 is moved back 
to the reference position. Hence, the deviation of the imag 
ing Sensor 9 from the reference position is corrected by the 
movement control unit of the present embodiment. 
0038. The displacement transmitting element 18 is com 
prised of a set of piezoelectric elements which change 
dimensions So as to transmit displacement to the imaging 
sensor 9 based on a drive voltage applied thereto. The 
displacement detecting element 20 is comprised of a Set of 
piezoelectric elements which produce a Voltage output to the 
drive control circuit 16 when Stressed by the imaging Sensor 
9. 

0039. In the digital camera deviation correcting apparatus 
of the present invention, the closed loop control of the 
imaging Sensor movement is not necessarily required. An 
open loop control of the imaging Sensor movement may be 
applied to the movement control unit of the digital camera 
deviation correcting apparatus. In Such a case, the displace 
ment detecting element 20 and the feedback line to the drive 
control circuit 16 as in the apparatus of FIG. 1A may be 
omitted. In any case, the deviation of the imaging Sensor 9 
caused by a slight oscillation of the operator can be corrected 
by the movement control unit. 
0040. It is possible for the digital camera deviation cor 
recting apparatus of the above-described embodiment to 
provide good quality of a reproduced image as the degra 
dation of quality of a reproduced image due to a slight 
oscillation of the operator is reliably prevented. It is possible 
to effectively correct a deviation of the imaging Sensor 9 of 
the digital camera through an accurate detection of the 
imaging Sensor deviation and a controlled movement of the 
imaging Sensor based on the detection result. 
0041. In the digital camera deviation correcting apparatus 
of the present embodiment, the calculation of the target 
vector and the movement of the imaging Sensor are executed 
within an image acquisition time for a single frame of the 
image Signal, which will be described later. 
0042 FIG. 1B is a flowchart for explaining a digital 
camera deviation correcting method embodying the present 
invention. The procedures of FIG. 1B are executed by the 
digital camera deviation correcting apparatus of FIG. 1A. 
0043. As shown in FIG. 1B, at a start, the digital camera 
is Set in a waiting condition. Step S1 determines whether a 
power Switch (not shown) of the digital camera is turned 
ON. When the power Switch is turned ON, step S2 deter 
mines whether a release button (not shown) of the digital 
camera is Set at a half position. When the release button is 
set at the half position, it is determined that the function of 
correction of a deviation of the digital camera is allowed to 
Start. 

0044) When the result at the step S2 is affirmative, step S3 
carries out the digital camera deviation correcting proce 
dures with the digital camera deviation correcting apparatus 
of FIG. 1A. Namely, in the step S3, the rotation detection, 
the positional angle calculation, the target vector calculation 
and the imaging Sensor movement are executed by the 
elements of the digital camera deviation correcting appara 
tus of FIG. 1A. After the step S3 is performed, step S4 
determines whether an image acquisition time for a single 
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frame of image data has elapsed. Many digital cameras are 
adapted to use the NTSC Standard, and the image acquisition 
time for one frame is normally /30 Seconds. It is necessary 
to correct a deviation of the imaging Sensor 9 of the digital 
camera within the image acquisition time for one frame. 
When the image acquisition time has not yet elapsed, the 
Step S3 is repeated. When the image acquisition time has 
already elapsed, the Step S2 is repeated. 

0.045 When the result at the step S2 is negative, it is 
determined that the function of correction of a deviation of 
the digital camera is not allowed to start. Step S5 determines 
whether the power Switch is turned OFF. When the power 
Switch is turned OFF, the procedures of FIG. 1B terminate. 
When the result at the step S5 is negative (the power Switch 
is ON), the step S2 is repeated. 
0.046 According to the digital camera deviation correct 
ing method of FIG. 1B, the digital camera deviation cor 
recting procedures in the Step S3 are carried out before the 
image acquisition of a Single frame of image data is com 
plete. It is possible for the digital camera deviation correct 
ing method of the above-described embodiment to provide 
good quality of a reproduced image as the degradation of 
quality of a reproduced image due to a slight oscillation of 
the operator is reliably prevented. It is possible to effectively 
correct a deviation of the imaging Sensor 9 of the digital 
camera through an accurate detection of the imaging Sensor 
deviation and a controlled movement of the imaging Sensor. 
based on the detection result. 

0047 FIG. 3 shows a camera coordinate system and a 
World coordinate System used to execute the positional angle 
calculation in the digital camera deviation correcting appa 
ratus of the present embodiment. 

0.048. As shown in FIG. 3, the digital camera to which 
one embodiment of the present invention is applied gener 
ally has a main body. 1 and an optical System (camera lens) 
2. A camera coordinate System (x, y, z) and a world coor 
dinate system (X, Y, Z) are selected as shown in FIG. 3. 
Suppose that, initially, the digital camera was in a reference 
position, in the Sense that the center of the digital camera (or 
the center of the image plane of the imaging Sensor therein) 
was at the origin of the World coordinate System, and all the 
axes of both the Systems were aligned. 
0049. The main body 1 of the digital camera is fixed to 
the camera coordinate System. An optical axis of the optical 
System 2 is aligned with the Z axis of the camera coordinate 
System, which was initially aligned with the Z axis of the 
world coordinate system. The Y axis of the world coordinate 
System is taken to accord with the direction of gravity. The 
Z axis is taken to accord with the direction of the north pole 
of the earth. The X axis of the world coordinate system is 
perpendicular to both the Y axis and the Z axis. 

0050. As shown in FIG. 3, in the digital camera, accel 
eration Sensors 3, 4 and 5 are provided to output signals 
indicative of accelerations of the digital camera along the X 
axis, the Y axis and the Z axis, respectively. Further, 
magnetic Sensors 6, 7 and 8 are provided to output signals 
indicative of magnetic fields of the digital camera along the 
X axis, the Y axis and the Z axis, respectively. The accel 
eration Sensors 3, 4 and 5 and the magnetic Sensors 6, 7 and 
8 constitute the rotation detecting unit of the digital camera 
deviation correcting apparatus of the present embodiment. 
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0051 Assume that the digital camera was initially in the 
reference position at a time t, and a deviation of the digital 
camera (or a deviation of the imaging Sensor therein) from 
the reference position is produced at a following time (t+1) 
by a slight oscillation of the human hand in taking a 
photograph using the digital camera. In this assumption, as 
the deviating movement of the digital camera is consider 
ably Small in quantity, it is achieved only by rotation with no 
translation taking place. As a result of the above deviation, 
the digital camera is rotated from the reference position 
about the Y axis by a rotation angle 0y(t), about the X axis 
by a rotation angle 0x(t), and about the Z axis by a rotation 
angle 0Z(t) to a new position. Specifically, the assumption is 
that the deviating movement of the digital camera from the 
reference position to the new position is achieved by three 
rotation Steps: rotation of any point of the digital camera 
about the Y axis, rotation of the point of the digital camera 
about the X axis, and rotation of the point of the digital 
camera about the Z axis, in this order. Generally, the 
application of these rotation transformations can be repre 
sented by rotation matrices Ry(t), RX(t) and RZ(t), and the 
application of the inverse rotation transformations can be 
represented by the inverse rotation matrices Ry(t), Rx'(t) 
and Rz'(t). 
0052. In addition, assume that, at the time t, the output 
Signals of the acceleration Sensors 3, 4 and 5 were (AX(t), 
Ay(t), AZ(t)) (which is represented by an acceleration matrix 
A(t)), and the output signals of the magnetic sensors 6, 7 
and 8 were (Mx(t), My(t), MZ(t)) (which is represented by 
a magnetic field matrix M(t)). 
0053 As the digital camera was initially in the reference 
position at the time t, the following equation can be 
obtained. 

0054 From the above equation, the rotation angles 0x(t) 
and 0Z(t) of the imaging Sensor are determined as follows. 

0x(t)=-sin' (Az(t)), 
0Z(t)=sin' (Ax(t)/cos 0x(t)) (1) 

0055) Further, 

O My' 

My' = Ry(t) My' 
M: M.' 

0056 From the above equations, the rotation angle 0y(t) 
of the imaging Sensor is determined as follows, 
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0057 The application of the rotation transformations at 
the time (t+1) can be represented as follows, 

0.058 From the above equation, a change of the posi 
tional angles of the imaging Sensor of the digital camera 
between-the initial time t and the following time (t+1) can be 
determined. 

0059 FIG. 4 shows the principles of the target vector 
calculation and the imaging Sensor movement executed in 
the digital camera deviation correcting apparatus of FIG. 
1A. 

0060. In FIG. 4, reference numeral 9 indicates the imag 
ing Sensor of the digital camera. The center of the imaging 
sensor 9 is indicated by “O'” in FIG. 4. The solid line in 
FIG. 4 denotes the reference position of the imaging Sensor 
9 in the digital camera, and the Z axis of the camera 
coordinate System (which accords with the axial direction of 
the optical System 2 of the digital camera) is aligned with the 
Z axis of the world coordinate system. The y axis of the 
camera coordinate System is perpendicular to the paper of 
FIG. 4. 

0061 The imaging sensor 9 is comprises of a CCD. As 
shown in FIG. 4, a rotation transmitting device 9A is 
connected to the imaging Sensor 9, and this rotation trans 
mitting device 9A is comprised of a Set of Voice coil motors 
which apply rotation to the imaging sensor 9 about each of 
the X axis, the y axis and the Z axis of the camera coordinate 
System based on a drive voltage (or the target vector) 
Supplied to the motors. Further, a translation transmitting 
device 9B is connected to the imaging sensor 9, and this 
translation transmitting device 9B is comprised of a set of 
piezoelectric elements which apply translation to the imag 
ing Sensor 9 along each of the X axis, the y axis and the Z axis 
of the camera coordinate based on a drive voltage (or the 
target vector) Supplied to the piezoelectric elements. The 
rotation transmitting device 9A and the translation transmit 
ting device 9B are provided in the movement control unit of 
the digital camera deviation correcting apparatus of FIG. 
1A. 

0062) The dotted line in FIG. 4 indicates a deviation of 
the imaging Sensor 9 from the reference position which is 
caused by a slight oscillation of the operator. For the Sake of 
Simplicity of description, Suppose that the imaging Sensor 9 
at this time is rotated from the reference position (the Solid 
line) to the deviating position (the dotted line) about the 
center “0” of the optical system 2 of the digital camera by 
a rotation angle "0y due to the oscillation of the operator. 

0.063. In this example of FIG. 4, a change of a positional 
angle of the imaging Sensor 9, calculated by the positional 
angle calculating unit 12 of the digital camera deviation 
correcting apparatus of FIG. 1A, is equal to the rotation 
angle “0y'. As being apparent from FIG. 4, in order to 
correct the deviation of the imaging Sensor 9, application of 
rotation to the imaging Sensor 9 about the y axis of the 
camera coordinate System by a rotation angle "-0y' is 
needed to be effected by the movement control unit of the 
apparatus of FIG. 1A. The rotation transmitting device 9A 
is driven by the movement control unit So that the imaging 
sensor 9 is rotated about the y axis by the rotation angle “0y” 
through the rotation transmitting device 9A. 
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0064. In the example of FIG. 4, a distance between the 
center “O'” of the optical system and the center “O'” of the 
imaging Sensor 9 along the Z axis is represented by “f”. This 
distance “f” is varying when a Zooming function of the 
digital camera is performed, but the distance “f” can be 
calculated in accordance with the actual Zooming amount 
when the Zooming function is performed. The distance “f” 
can be considered the known quantity. In the example of 
FIG. 4, in addition to the rotation about the y axis, the center 
“O'” of the imaging sensor 9 is translated to the center of the 
deviating position along the Z axis by “f sin Oy” and along 
the X axis by “-f-sin Oy'cos 0y” due to the oscillation of the 
operator. Hence, in order to correct the deviation of the 
imaging Sensor 9 into the reference position (the Solid line 
in FIG. 4), application of translation to the center of the 
imaging sensor 9 along the Z axis by “-f'sin' Oy” and along 
the X axis by “f sin 0y cos 0y' is needed to be effected by the 
movement control unit of the apparatus of FIG. 1A. The 
translation transmitting device 9B is driven by the move 
ment control unit So that the center of the imaging Sensor 9 
is translated along the Z axis by “-f'sin' Oy” and along the 
X axis by “fisin 0y cos 0y” through the translation transmit 
ting device 9B. 
0065 Accordingly, in the example of FIG. 4, the target 
vector calculating unit 14 of the apparatus of FIG. 1A 
calculates a target vector based on the positional angle 
change "Oy', the target vector describing a magnitude and a 
direction of an inverse movement of the imaging Sensor 9 
(including both the above-mentioned rotation and the above 
mentioned translation) needed to reach the reference posi 
tion and cancel the deviation. The inverse movement of the 
imaging Sensor 9 is controlled through the rotation trans 
mitting device 9A and the translation transmitting device 9B 
based on the calculated target vector, So as to move the 
imaging Sensor 9 from the deviating position (the dotted 
line) back to the reference position (the Solid line). 
0066. In the above example of FIG. 4, the application of 
only the rotation with respect to the y axis has been 
considered. In addition, the application of only the transla 
tions with respect to the Z axis and the X axis. The same 
principles can be extended to include the rotations with 
respect to the X axis and the Z axis as well as the translation 
with respect to the y axis, So that the application of the 
rotation about each of the X axis, the y axis and the Z axis as 
well as the application of the translation along each of the X 
axis, the y axis and the Z axis is effected by the movement 
control unit of the apparatus of FIG. 1A. 
0067. In a case in which a translational displacement of 
the imaging Sensor 9 can be detected by the apparatus of 
FIG. 1A and a change of the positional angle “0” is very 
Small, the approximation 0=tan 0 can be utilized in order to 
carry out the target vector calculation and the imaging Sensor 
movement in the digital camera deviation correcting appa 
ratus of FIG. 1A. 

0068 FIG. 2A shows another embodiment of the digital 
camera deviation correcting apparatus of the present inven 
tion. In FIG. 2A, the elements which are the same as 
corresponding elements in FIG. 1A are designated by the 
Same reference numerals, and a description thereof will be 
omitted. 

0069. As shown in FIG. 2A, the digital camera deviation 
correcting apparatus of the present embodiment includes a 
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translation detecting unit 11 and a translation quantity cal 
culating unit 13, in addition to the elements of FIG. 1A. 
0070 The translation detecting unit 11 detects a quantity 
of translation of the digital camera along each of the X axis, 
the Y axis and the Z axis of the world coordinate system, 
which causes a deviation of the imaging Sensor 9 from the 
reference position to occur. The translation detecting unit 11 
is comprised of the acceleration Sensors 3, 4 and 5. 
0071. The translation quantity calculating unit 13 is con 
nected to the target vector calculating unit 14. The transla 
tion quantity calculating unit 13 calculates a change of a 
quantity of translation of the imaging Sensor 9 based on the 
translation quantity detected by the translation detecting unit 
11. The translation quantity calculating unit 13 may include 
a set of analog-digital converters and a microprocessor with 
a memory. The accelerations of the digital camera along the 
X axis, the Y axis and the Z axis of the world coordinate 
System are provided by the output Signals of the acceleration 
Sensors 3, 4 and 5. A translational Velocity of the imaging 
Sensor 9 along each axis is calculated by taking the integral 
of each of the accelerations with respect to time. A transla 
tional displacement of the imaging Sensor 9 along each of 
the X axis, the Y axis and the Z axis of the world coordinate 
System can be calculated by taking the integral of each of the 
Velocity components with respect to time. 

0.072 In the present embodiment, the target vector cal 
culating unit 14 calculates a target vector based on the 
positional angle change calculated by the positional angle 
calculating unit 12 and on the translation quantity change 
calculated by the translation quantity calculating unit 13. 

0073 FIG. 2B is a flowchart for explaining another 
embodiment of the digital camera deviation correcting 
method of the present invention. The procedures of FIG. 2B 
are executed by the digital camera deviation correcting 
apparatus of FIG. 2A. In FIG. 2B, the steps which are the 
Same as corresponding Steps in FIG. 1B are designated by 
the same reference numerals, and a description thereof will 
be omitted. 

0.074 As shown in FIG.2B, the digital camera. deviation 
correcting procedures of the present embodiment are essen 
tially the same as the procedures of FIG. 1B except step 
S13. In the step S13, the rotation detection, the positional 
angle calculation, the translation detection, the translation 
quantity calculation, the target vector calculation and the 
imaging Sensor movement are executed by the elements of 
the digital camera deviation correcting apparatus of FIG. 
2A. In addition to the operations of the step S3 shown in 
FIG. 1B, the translation detection and the translation quan 
tity calculation are carried out by the element 11 and the 
element 13 of FIG. 2A. After the step S13 is performed, step 
S4 determines whether an image acquisition time for a 
Single frame of image data has elapsed. When the image 
acquisition time has not yet elapsed, the Step S13 is repeated. 
When the image acquisition time has already elapsed, the 
Step S2 is repeated. 

0075 According to the digital camera deviation correct 
ing method of FIG. 2B, the digital camera deviation cor 
recting procedures in the Step S13 are carried out before the 
image acquisition of a Single frame of image data is com 
plete. It is possible for the digital camera deviation correct 
ing method of the above-described embodiment to provide 
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good quality of a reproduced image as the degradation of 
quality of a reproduced image due to a slight oscillation of 
the operator is reliably prevented. It is possible to effectively 
correct a deviation of the imaging Sensor 9 of the digital 
camera through a more accurate detection of the imaging 
Sensor deviation and a controlled rotational and translational 
movement of the imaging Sensor based on the detection 
result. 

0076 FIG. 5 shows one embodiment of an imaging 
Sensor movement mechanism applicable to the digital cam 
era deviation correcting apparatus of the present invention. 
FIG. 6 is a top view of the imaging sensor movement 
mechanism of FIG. 5 when looking along the y axis toward 
the origin of the camera coordinate system. FIG. 7 is a side 
View of the imaging Sensor movement mechanism of FIG. 
5 when looking along the Z axis toward the origin of the 
camera coordinate System. 
0077. In the digital camera deviation correcting apparatus 
incorporating the imaging Sensor movement mechanism of 
FIG. 5 therein, the acceleration sensors 3, 4 and 5 and the 
magnetic Sensors 6, 7 and 8, which constitute the rotation 
detecting unit 10 of the digital camera deviation correcting 
apparatus of the embodiment of FIG. 1A, are provided. The 
3D (three-dimensional) rotation components of a change of 
the positional angle of the imaging Sensor 9 from the 
reference position are detected, and the imaging Sensor 
movement mechanism of FIG. 5 achieves an inverse rota 
tion of the imaging Sensor 9 in the 3D manner So as to 
correct a deviation of the imaging Sensor 9 and move the 
imaging Sensor 9 back to the reference position. 
0078. As shown in FIG. 5, in the digital camera to which 
the present embodiment is applied, an image of an object or 
a Scene is formed through a camera lens 21 onto an image 
plane of the imaging sensor 9 (comprised of the CCD) so 
that the imaging Sensor 9 outputs a digital image Signal. The 
digital camera deviation correcting apparatus of the present 
embodiment is provided for correcting a deviation of the 
imaging Sensor 9 which may be produced by a slight 
oscillation of the human hand in taking a photograph using 
the digital camera. 
0079 The camera coordinate system (x, y, z) is taken to 
the digital camera in a manner similar to that of FIG. 3. 
Preferably, the origin “O'” of the camera coordinate system 
(x, y, z) accords with the center of the optical System (or the 
focal point of the camera lens 21). In the imaging Sensor 
movement mechanism of FIG. 5, a set of motors 33, 34 and 
35 are provided to respectively apply rotation to the imaging 
sensor 9 about the y axis, the X axis and the Z axis of the 
camera coordinate System based on a target vector. FIG. 6 
shows a connection of the motor 34 and the motor 35 which 
are held in the digital camera, and FIG. 7 shows a connec 
tion of the motor 33 and the motor 34 which are held in the 
digital camera. 
0080. As shown in FIG. 6, the motor 35 has a rotary shaft 
fixed to the center of the imaging sensor 9 (the CCD), and 
the rotary shaft of the motor 35 is rotated about the Z axis of 
the camera coordinate system. The motor 35 has a base 
Secured to a first rectangular Surface of an L-shaped member 
36. The L-shaped member 36 includes a second rectangular 
Surface which is perpendicular to the first rectangular Sur 
face and parallel to the yZ plane. The motor 34 has a rotary 
shaft fixed to the Second rectangular Surface of the L-shaped 
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member 36. The rotary shaft of the motor 34 is rotated about 
the X axis of the camera coordinate System. When the rotary 
shaft of the motor 34 is rotated, the imaging sensor 9 and the 
motor 35 are rotated together about the X axis through the 
L-shaped member 36. 

0081. As shown in FIG. 7, the motor 34 has a base 
Secured to a first rectangular Surface of an L-shaped member 
37. The L-shaped member 37 includes a second rectangular 
Surface which is perpendicular to the first rectangular Sur 
face and parallel to the XZ plane. The motor 33 has a rotary 
shaft fixed to the Second rectangular Surface of the L-shaped 
member 37. The motor 33 has a base secured to the main 
body of the digital camera (which is not shown in FIG. 7). 
The rotary shaft of the motor 33 is rotated about the y axis 
of the camera coordinate system. When the rotary shaft of 
the motor 33 is rotated, the motor 34, the motor 35 and the 
L-shaped member 37 are rotated together about the y axis 
through the L-shaped member 37. 

0082 Similar to the calculation of the positional angle 
change of FIG. 3, the digital camera was initially in the 
reference position at the time t, and the rotation angles 0x(t) 
and 0Z(t) of the imaging Sensor 9 are determined in accor 
dance with the above equations (1). The rotation angle 0y(t) 
of the imaging Sensor 9 is determined in accordance with the 
above equation (2). 

0.083. The application of the rotation transformations at 
the time (t+1) can be represented by the above equation (3). 
From the above equation (3), a change of the positional 
angles of the imaging Sensor 9 of the digital camera between 
the initial time t and the following time (t+1) can be 
determined. 

0084 Assuming that the change of the positional angles 
of the imaging sensor 9 is determined as 0'x(t+1), 6'y(t+1) 
and 0'Z(t+1), the motors 34, 33 and 35 are controlled based 
on the target vector to respectively apply rotation to the 
imaging sensor 9 about the X axis by -0'x(t+1), about they 
axis by -0"y(t+1) and about the Z axis by -07(t+1), so as to 
cancel the deviation of the imaging Sensor 9 and move the 
imaging Sensor 9 back to the reference position. 

0085 FIG. 8 shows another embodiment of the imaging 
Sensor movement mechanism which is applicable to the 
digital camera deviation correcting apparatus of the present 
invention. 

0.086. In the digital camera deviation correcting apparatus 
incorporating the imaging Sensor movement mechanism of 
FIG. 8 therein, a 2D (two-dimensional) gyro, which con 
Stitutes the rotation detecting unit 10 of the digital camera 
deviation correcting apparatus of the embodiment of FIG. 
1A, is provided. The 2D gyro detects angular velocities of 
the imaging Sensor 9 with respect to the X axis and the y axis 
of the camera coordinate System. The 2D rotation compo 
nents of a change of the positional angle of the imaging 
Sensor 9 from the reference position are detected, and the 
imaging Sensor movement mechanism of FIG. 8 achieves an 
inverse translation of the imaging Sensor 9 in the 2D manner 
So as to correct a deviation of the imaging Sensor 9 and move 
the imaging Sensor 9 back to the reference position. In this 
case, the rotational movement of the digital camera is 
considerably Small, and it is achieved only by translation 
with no rotation taking place. 
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0087 FIG. 9 shows the principles of the digital camera 
deviation correcting apparatus with the imaging Sensor 
movement mechanism of FIG. 8 being incorporated therein. 
0088 As shown in FIG. 9, in the digital camera to which 
the present embodiment is applied, an image of an object is 
formed through the camera lens 21 onto the image. plane of 
the imaging sensor 9 (comprised of the CCD). The center of 
the image of the object on the image plane of the imaging 
sensor 9 is indicated by “O'” in FIG. 9. The reference 
position (the solid line in FIG. 9) of the imaging sensor 9 is 
indicated by “P1" in FIG. 9. A distance between the center 
of the imaging Sensor 9 and the center of the camera lens 21 
is indicated by “f” in FIG. 9. 
0089 Suppose that the digital camera is rotated by a 
rotation angle “0” with respect to the optical axis of the 
camera lens 21 (or the Z axis of the camera coordinate 
System) due to a slight oscillation of the operator. The 
rotation angle “0” is very Small. The image plane of the 
imaging sensor 9 is moved from the reference position “P1’ 
to a deviating position “P2" (the dotted thin line in FIG.9) 
due to the deviation of the imaging sensor 9. The center of 
the image of the object on the image plane of the imaging 
sensor 9 at the deviating position “P2’ is indicated by “O'” 
in FIG. 9. 

0090. In the example of FIG. 9, in order to correct the 
deviation of the imaging Sensor 9, application of translation 
to the center of the imaging Sensor 9 by the distance 
d=f-tan0. After the translation is applied, the imaging sensor 
9 is moved from the deviating position “P2” to a corrected 
position “P3” (the dotted thick line in FIG. 9). As the 
rotation angle “0” is very Small, the approximation 0=tan 0 
can be utilized. Hence, application of the translation to the 
center of the imaging sensor 9 by the distance d=f-0 is 
needed to be effected by the movement control unit of the 
apparatus of FIG. 1A. 
0091 Assuming that the change of the positional angles 
of the imaging sensor 9 is calculated as 6'y(t+1) and 0'Z(t+ 
1), the application of translation to the imaging Sensor 9 
along the y axis by -f-0'y(t+1) and along the Z axis by 
-f:0'Z(t+1), So as to cancel the deviation of the imaging 
sensor 9 and move the imaging sensor 9 back to the 
reference position. The output signals of the 2D gyro are the 
angular velocities of the imaging Sensor 9, and the change of 
the positional angles can be calculated by taking the integral 
of each of the velocity components from the time t to the 
time (t+1). 
0092. In the embodiment of the imaging sensor move 
ment mechanism of FIG. 8, a piezoelectric element 38 is 
Secured at one end to the base of the imaging sensor 9 (the 
CCD). The piezoelectric element 38 is secured at the other 
end to a first surface of an L-shaped member 39. The 
piezoelectric element 38 is provided to apply translation of 
the imaging Sensor 9 along the y axis of the camera 
coordinate system. The L-shaped member 39 has a second 
Surface which is perpendicular to the first Surface and 
parallel to the y axis. A piezoelectric element 40 is Secured 
at one end the second surface of the L-shaped member 39, 
and Secured at the other end to the main body of the digital 
camera. The piezoelectric element 40 is provided to apply 
translation of the imaging Sensor 9 along the X axis of the 
camera coordinate System. Accordingly, the imaging Sensor 
movement mechanism of FIG. 8 achieves an inverse trans 
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lation of the imaging Sensor 9 in the 2D manner So as to 
correct a deviation of the imaging Sensor 9 and move the 
imaging Sensor 9 back to the reference position. 
0093 FIG. 10 shows an embodiment of a translation 
detecting device which is applicable to the digital camera 
deviation correcting apparatus of the present invention. 
0094. As shown in FIG. 10, a range finder 41 is provided 
on the digital camera, and this range finder 41 measures 
distances of objects from the digital camera along three 
lines, indicated by the three arrows in FIG. 10, which are all 
perpendicular to each other. The range finder 41 acts as the 
translation detecting device which detects a quantity of 
translation of the digital camera in the digital camera devia 
tion correcting apparatus of the present invention. 
0.095. In the digital camera deviation correcting apparatus 
with the translation detecting device 41 incorporated therein, 
the acceleration Sensors 3, 4 and 5 and the magnetic Sensors 
6, 7 and 8 are also provided. The acceleration sensors 3, 4 
and 5 and the magnetic sensors 6, 7 and 8 constitute the 
rotation detecting unit of the digital camera deviation cor 
recting apparatus of the present embodiment. The positional 
angle calculation is carried out based on the output signals 
of these Sensors 3 through 8 in the same manner as the 
above-described positional angle calculation with reference 
to FIG. 3. 

0096. In the digital camera deviation correcting apparatus 
with the translation detecting device 41 incorporated therein, 
a translation quantity calculation is carried out based on 
output signals of the range finder 41 as follows. 
0097 As described above, the range finder 41 outputs 
Signals indicative of distances between objects and the 
digital camera in the three directions. If three distant fixed 
objects in the three directions are given, the range finder 41 
outputs the Signals indicating the distances of the fixed 
objects from the digital camera. 
0.098 Suppose that the range finder 41 has output the 
distance signals dx(t), dy(t), dz(t) at the initial time t and 
the distance signals dx(t+1), dy(t+1), dz(t+1) at the fol 
lowing time t+1. A change of quantity of translation of the 
imaging Sensor of the digital camera which may be produced 
by a slight oscillation of the operator is represented by 
-(dx(t+1)-dx(t)), dy(t+1)-dy(t), -(dz(t+1)-dz(t)). Hence, 
if the positional angle change is not considered, the target 
vector describing a magnitude and a direction of an inverse 
translation of the imaging Sensor 9 needed to reach the 
reference position and cancel the deviation is represented by 

0099. In the digital camera deviation correcting apparatus 
with the translation detecting device 41 incorporated therein, 
the target vector calculating unit calculates the target vector 
based on the calculated positional angle change and on the 
calculated translation quantity change as in the embodiment 
of FIG. 2A. 

0100 FIG. 11 shows one embodiment of a translation 
transmitting device which is applicable to the digital camera 
deviation correcting apparatus of the present invention. 
0101 AS shown in FIG. 11, piezoelectric elements 42,43 
and 44 are linked together Such that the piezoelectric ele 
ments 42, 43 and 44 are aligned with the X axis, the y axis 
and the Z axis of the camera coordinate System. One end of 
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the piezoelectric element 42 is fixed to the main body of the 
digital camera. One end of the piezoelectric element 44 is 
fixed to the motor 33 of the imaging Sensor movement 
mechanism of FIG. 5. By supplying a drive signal from the 
drive control circuit to each of the piezoelectric elements 
42-44, each piezoelectric element achieves a translational 
movement of the imaging Sensor 9 along one of the X axis, 
the y axis and the Z axis of the camera coordinate System So 
as to cancel the deviation of the imaging Sensor 9. 
0102) The piezoelectric elements 42, 43 and 44 act as the 
translation transmitting device which achieves a transla 
tional movement of the imaging Sensor 9 based on the 
calculated target vector in the digital camera deviation 
correcting apparatus of the present invention. By utilizing 
the translation transmitting device of FIG. 11 and the 
rotation transmitting device of FIG. 5 in combination, the 
movement control unit in the digital camera deviation cor 
recting apparatus of the present invention can be constituted. 
This movement control unit controls rotational and transla 
tional movements of the imaging Sensor 9 based on the 
calculated target vector, So that the imaging Sensor 9 is 
moved back to the reference position thus correcting the 
deviation. 

0103). Further, the present invention is not limited to the 
above-described embodiments, and variations and modifi 
cations may be made without departing from the Scope of the 
present invention. 

What is claimed is: 
1. An apparatus for correcting a deviation of an imaging 

Sensor of a digital camera in which an image of an object or 
a Scene is formed on an image plane of the imaging Sensor 
So that the imaging Sensor Outputs an image Signal, com 
prising: 

a rotation detecting unit which detects a quantity of 
rotation of the digital camera causing a deviation of the 
imaging Sensor from a reference position to occur, the 
rotation detecting unit including an acceleration Sensor 
outputting a signal indicative of an acceleration of the 
digital camera and a magnetic Sensor outputting a 
Signal indicative of a magnetic field of the digital 
Caca. 

2. The apparatus as claimed in claim 1, further compris 
Ing: 

a target vector calculating unit which calculates a target 
Vector, the target vector describing a magnitude and a 
direction of an inverse movement of the imaging Sensor 
needed to reach the reference position and cancel the 
deviation; 

a translation detecting unit, connected to the target vector 
calculating unit, which detects a quantity of translation 
of the digital camera causing the deviation of the 
imaging Sensor from the reference position to occur; 
and 

a translation quantity calculating unit which calculates a 
change of the quantity of translation of the imaging 
Sensor based on the quantity of translation detected by 
the translation detecting unit, 

wherein the target vector calculating unit calculates the 
target vector based on a change of a positional angle of 
the imaging Sensor and on the change of the quantity of 
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translation calculated by the translation quantity calcu 
lating unit, and wherein the change of the positional 
angle of the imaging Sensor is calculated based on the 
quantity of rotation detected by the rotation detecting 
unit. 

3. The apparatus as claimed in claim 1, wherein the 
rotation detecting unit includes a set of acceleration Sensors 
provided to output Signals indicative of accelerations of the 
digital camera along an X axis, a Y axis and a Z axis of a 
World coordinate System, and a set of magnetic Sensors 
provided to output signals indicative of magnetic fields of 
the digital camera along the X axis, the Y axis and the Z axis 
of the World coordinate System. 

4. The apparatus as claimed in claim 2, wherein the 
rotation detecting unit includes a set of acceleration Sensors 
provided to output Signals indicative of accelerations of the 
digital camera along an X axis, a Y axis and a Z axis of a 
World coordinate System, and both the quantity of rotation of 
the digital camera and the quantity of translation of the 
digital camera are detected based on the output signals of the 
Set of acceleration Sensors in common. 

5. The apparatus as claimed in claim 2, wherein the 
detection of the quantity of rotation, the calculation of the 
target vector, and a movement of the imaging Sensor back to 
the reference position Such that it corrects the deviation are 
executed in less than /25 Seconds. 

6. The apparatus as claimed in claim 1, wherein the 
quantity of rotation represents a rotation caused by a shaking 
motion of the digital camera. 

7. The apparatus as claimed in claim 2, wherein the 
quantity of rotation represents a rotation caused by a shaking 
motion of the digital camera. 

8. The apparatus as claimed in claim 1, wherein the 
rotation detecting unit comprises a gyro. 

9. The apparatus as claimed in claim 2, wherein the 
translation detecting unit comprises a range finder. 
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10. A method of correcting a deviation of an imaging 
Sensor of a digital camera in which an image of an object or 
a Scene is formed on an image plane of the imaging Sensor 
So that the imaging Sensor Outputs an image Signal, com 
prising: 

detecting a quantity of rotation of the digital camera 
causing a deviation of the imaging Sensor from a 
reference position to occur, the quantity of rotation 
being detected based on an output signal of an accel 
eration Sensor indicative of an acceleration of the 
digital camera and an output signal of a magnetic 
Sensor indicative of a magnetic field of the digital 
Caca. 

11. The method as claimed in claim 10, further compris 
Ing: 

calculating a target vector, the target vector describing a 
magnitude and a direction of an inverse movement of 
the imaging Sensor needed to reach the reference posi 
tion and cancel the deviation; 

detecting a quantity of translation of the digital camera 
causing the deviation of the imaging Sensor from the 
reference position to occur; and 

calculating a change of a quantity of translation of the 
imaging Sensor based on the detected quantity of trans 
lation, 

wherein Said calculating of the target vector is executed 
based on a change of a positional angle of the imaging 
Sensor and on the calculated change of the quantity of 
translation, and wherein the change of the positional 
angle of the imaging Sensor is calculated based on the 
detected quantity of rotation. 


