Office de la Propriete Canadian CA 2088205 C 2002/06/25

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 088 205
Un organisme An agency of

d'Industrie Canada Industry Canada 12 BREVET CANADIEN

CANADIAN PATENT

13) C

(22) Date de depot/Filing Date: 1993/01/27 (51) CL.Int.>/Int.CI.°> GO3B 5/00, G03
(41) Mise a la disp. pub./Open to Public Insp.: 1993/08/01 (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2002/06/25 Ishizuka, Shigek, JP.
Sato, Koichi, JP;
(30) Priorités/Priorities: 1992/01/31 (P04-016968) JP; Nikami, Akira, JP:
1992/03/19 (P04-063905) JP Sato, Mitsuru, JP

(73) Proprietaire/Owner:
SONY CORPORATION, JP

B 17/00, HO4N 5/76

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : APPAREIL AMORTISSEUR DE VIBRATION POUR CAMERA
(54) Title: CAMERA APPARATUS

1
@ 3 4 > 6
onv. Circuit Driver
Vertical
é‘/ D Angle
onv. Sensor

9 8
f[o!
11 " 2 y N
10
A/D Integrating | + e PWM
A _
17 16
Vertical
Conv. Sensor
(57) Abrégé/Abstract:

A camera shake correcting apparatus includes a variable angular prism assembly, a microcomputer to produce signals for

driving the variable angular prism assembly, prism actuators, vertical angle sensors, angular velocity
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angular velocity caused by the camera shaking, and damping colls. The variable angular prism assembly Is driven by a signal
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ABSTRACT

A camera shake correcting apparatus includes a variable angular prism assembly, a
microcomputer to produce signals for driving the variable angular prism assembly, prism
actuators, vertical angle sensors, angular velocity sensors for detecting an angular
velocity caused by the camera shaking, and damping coils. The variable angular prism
assembly 1s driven by a signal obtained by subtracting detected results of the vertical
angle sensors from detected results of the angular velocity sensors. A damping coil is
used to produce rotational angular velocity signals so that a nonlinearity of the prism can
be alleviated. The phase margin of the servo characteristic of the prism drive system is
increased, so that the camera shake correcting apparatus can be generally independent of
variations in values and dimensions that occur in mass-production manufacturing

operations and free of dependency on temperature characteristics.
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CAMERA SHAKE CORRECTING APPARATUS HAVING
DAMPING COILS FOR YAW AND PITCH

BACKGROUND OF THE INVENTION
Field of the Invention:
The present invention relates to a camera shake

correcting apparatus for use in a video tape recorder (VTR) or

the like.
Description of the Prior Art:

U.S. Patent Nos. 5,016,112 and 4,998,162 describe video
cameras and U.S. Patent No. 4,542,419 describes a recording
and reproducing apparatus for a video camera.

Conventional video cameras need a camera shake
correction. U.S. Patent No. 5,210,559 describes a

camera shake correcting processing for video cameras, for

example.

The camera shake 1s such one that, when the cameraman
takes a picture of an object with a video camera, a picked-up
image is moved in the upper, lower, right or left direction
by the unintentional action of cameraman’s hands or body. The
picked-up image may, of course, be moved in a complex fashion
such as when it is moved in the oblique directions or the
like.

More specifically, 1f the video camera 1s moved
delicately (or moved badly depending on a difference among
individuals), then a light from an object 1s moved on a target
screen of a charge coupled device (CCD) 1in 1ts various
directions such as upper, lower, right and left directions or

the like, Thus, when the picked-up image 1s reproduced on a
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picture screen of a television monitor or the like, a
reproduced picture is constantly moved in the upper, lower,
right or left direction.

FIG. 1 of the accompanying drawings shows an arrangement
of a conventional vidéo tape recorder having a built-in camera
of a camera shake correction system. As shown in FIG. 1, a
motion vector of a picture that is moved by a camera shake is
detected and an address of a cut-out frame of the CC5 image is
changed, thereby correcting the camera shake. The picture is
cut out from the CCD scanning area by changing the cut-out
frame so that an area in which the cut-~out frame is moved in
response to the camera shake must be prepared within the CCD
scanning area. As a result, the scanning area is reduced in
area substantially. To solve this problem, the picture area
whose picture frame is reduced is zoomed up by a digital
signal processing and extended to the normal picture frame.
There are then the disadvantages such that a picture size is
changed and that a resolution of a reproduced picture is
lowered.

OBJECTS AND SUMMARY OF THE INVENTION

In view of the aforesaid shortcomings and disadvantages

encountered with the prior art, it is an object of the present

invention to provide a camera shake borrecting apparatus which
can lncrease a phase margin of servo characteristic.

It is another object of the present invention to provide
a camera shake correcting apparatus which can correct a camera

shake optically.

It 1s still another object of the present invention to
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provide a camera shake correcting apparatus which can be
prevented from being affected by a fluctuation of elements
upon mass-production.
It 1s a further object of the present invention to

provide a camera shake correcting apparatus which can be

prevented from being affected by a dependency of temperature

characteristic.

comprises a variable angular prism- for changing a vertical
angle by changing a rotational angle of a plate glass thereof
in response to a drive signal to thereby refract an incident
light, a vertical angle prism position detecting circuit for
detecting a rotational angle position of the plate glass, a
camera shake amount detecting circuit for detecting an amount
of camera shake, a calculating circuit for calculating the
cémera shake amount and the rotational angle position of the
plate glass to generate and output a vertical angle prism
drive signal, and a variable angular prism drive circuit for

driving the vertical angle prism in response to the vertical

angle prism drive signal.
According to a second aspect of the present invention,

there is provided a camera apparatus which comprises a

variéble angular prism for changing a vertical angle by

changing a rotational angle of a plate glass thereof in
response to a drive signal to thereby refract an incident
light, a vertical angle prism position detecting circuit for

detecting a rotational angle position of the plate glass, a
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camera shake amount detecting circuit for detecting an amount
of camera shake, a calculating circuit for calculating the

camera shake amount and the rotational angle position of the

plate glass to generate and output a vertical angle prism
drive signal, a variable angular prism drive circuit for
driving the vertical angle prism in response to the vertical
angle prism drive signal, and an image-pickup device for
focusing a light traveling through the variable angular prism

from an object to convert the same into a video signal.

According to a third aspect of the present invention,
there is provided a recording apparatus having a built-in
camera which comprises a variable angular prism for changing
a vertical angle by changing a rotational angle of a plate
glass thereof in response to a drive signal to thereby refract
an incident light, a vertical angle prism position detecting
circuit for detecting a rotational angle position of the plate
glass, a camera shake amount detecting circuit for detecting
an amount of camera shake, a calculating circuit for
calculating the camera shake amount and the rotational angle
position of the plate glass to generate and output a ﬁertical
angle prism drive signal, a variable angular prism drive
circuit for driving the vertical angle prism in response to
the vertical angle prism drive signal, an image-pickup device
for focusing a light traveling through the variable angular
prism from an object to convert the same into a video signal,
and a recording circuit for converting an output video signal
from the image-pickup device into a signal format on a

recording medium and recording the same.
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The above and other objects, features, and advantages of
the present invention will become apparent from the following
detailed description of illustrative embodiments thereof to be
read 1n conjunction with the accompanying drawings, in which
like reference numerals are used to rdentify the same or
similar parts in the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a video tape recorder
(VIR) having a built-in camera of a conventional camera shake
correction system;

FIG. 2 is a block diagram showing a circuit arrangement
of a camera shake correcting apparatus according to a first
embodiment of the present invention;:

FIG. 3 1s a graph used to explain the camera shake

correcting apparatus according to the first embodiment of the
present invention:

FIG. 4 is a signal flow diagram used to explain the
camera shake correcting apparatus according to the first
embodiment of the present invention;

FIG. 5 1s a graph used to explain the camera shake
correcting apparatus according to the first embodiment of the
present invention:

FIGS..GA and 6B are respectively graphs used to explain
the camera shake correcting apparatus.aécording to the first
embodiment of the present invention;

FIG. 7 1s a signal flow diagram used to explain the

camera shake correcting apparatus according to the first

embodiment of the present invention:
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FIGS. 8A and 8B are respectively graphs used to explain

the camera shake correcting apparatus according to the first

embodiment of the present invention:

FIG. 2 1s a block diagram showing a circuit arrangement

of the camera shake correcting apparatus according to

embodiment of the present invention:

a second

FIG. 10 i1s a diagram showing a structure of a main

portion of the camera shake correcting apparatus according to

the second embodiment of the present invention:

FIG. 11 is a diagram showing a structure of a main

portion of the camera shake correcting apparatus according to

the second embodiment of the present invention:

FIG. 12 1s a cross-sectional view showing a main
of the camera shake correcting apparatus according to
second embodiment of the present invention;

FIG. 13 is a cross-sectional view showing a main
of the camera shake correcting apparatus according to
second embodiment of the present invention:

FIG. 14 1s a cross-sectional view showing a main
of the camera shake correcting apparatus according to

present invention:;

poxrtion

the

portion

the

portion

the

FIG. 15 1s a block diagram showing a main portion of the

camera shake correcting apparatus according to the second

embodiment of the present invention:

FIG. 16 1s a diagram showing a circuit arrangement of a

main portion of the camera shake correcting apparatus

according to the second embodiment of the present invention:;

FIG. 17 is a signal'flow diagram used to explain

the
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camera shake correcting apparatus according to the second
embodiment of the present invention;
FIG. 18 is a signal flow diagram used to explain the

camera shake correcting apparatus according to the second

embodiment of the present invention;:

FIG. 19 1s a signal flow diagram used to explain the
camera shake correcting apparatus according to the second
embodiment of the present invention;

FIG. 20 1s a signal flow diagram used to explain the
camera shake correcting apparatus according to the second
embodiment of the present invention:

FIG. 21 is a graph used to explain the camera shake
correcting apparatus according to the second embodiment of the
present invention;

FIG. 22 1s a graph used to explain the camera shake
correcting apparatus according to the second embodiment of the
present invention;

FIG. 23 is a graph used to explain the camera shake
correcting apparatus according to the second embodiment of the
present invention;

"FIG. 24 is a diagram showing a main portion of a camera
shake correcting apparatus according to a third embodiment of
the present invention; -

FIG. 25 1s a diagram showing a circuit arrangement of a
main portion of the camera shake correcting apparatus
according‘to the third embodiment of the present invention;

FIG. 26 is a diagram showing a circuit arrangement of a

main'portion of a modified example of the circuit arrangement
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shown in FIG. 25:

FIG. 27 is a signal flow diagram used to explain the
camera shake correcting apparatus according to the third
embodiment of the present invention;

FIG. 28 is a signal flow diagram used to explain the
camera shake correcting apparatus according to the third
embodiment of the present invention:

FIG. 29 is a graph used to explain the camera shake
correcting apparatus according to the third embodiment of the
present invention; and

FIG. 30 is a graph used to explain the camera shake
correcting apparatus according to the third embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail
with reference to the accompanying drawings.

In ordexr to eliminate the aforesaid drawbacks, according
to the present invention, the camera shake is optically
corrected before an image is focused on the CCD image sensing
element. As a means for optically correcting a camera shake,
there 1is utilized a prism that is what might be called a VAP
(variable angular prism) element.

As willl be described later on, this variable angular
prism element comprises two circular plate glasses bonded. by a
cylindrical transparent spring portion of bellows
configuration whose diameter is substantially equal to those
Oof the two plate glasses. A viscous liQuid is filled into the

spring portion and a vertical angle of this prism is changed



2088200

by changing the angle of the two plate glasses, thereby
retracting a light.

Then, by moving the prism in the horizontal or vertical
direction in response to an amount in which the angular
velocity is changed due to the camera shake, a light is
refracted and prevented from being moved on the target screen
of the CCD device, thereby correcting the camera shake.

FIG. 2 of the accompanying drawings shows a camera shake
correcting apparatus using the aforesaid VAP element according
to a first embodiment of the present invention. This camera
shake correcting apparatus will be described beiow.

Referring to FIG. 2, there is provide-a horizontal
direction angular velocity sensor that detects an angular
velocity at which the video camera is moved in the horizontal
direction by the camera shake. An the angular velocity
sensor, there may be used a piezoelectric vibratory gyro, for
example.

As shown in FIG. 2, a detected signal from the angular
velocity sensor 1 is supplied thrdugh an analog-to-~-digital
(A/D) converter 2 to an integrating circuit 3. The
integrating circuit 3 performs the integrating processing such
as the addition of a preceding detected signal of the detected

signal from the angular velocity sensor 1 to a signal

attenuated by a predetermined gain or the like. An integrated
output from the integrating circuit 3 is supplied to an adding
circuit 4. An output from the adding circuit 4 is supplied to

a PWM (pulse width modulation) driver 5, in which it is

processed as a PWM signal and then fed to an actuator 6. The
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actuator 6 actuates a prism 7 1n the horizontal direction.

The prism 7 is what might be called the VAP (variable
angular prism) element. As described above, the prism 7
comprises two circular plate glasses 7a, 7b bonded by a
cylindrical transparent spring portion 7cC of bellows
configuration whose diameter 1s substantially the same as
those of the two plate glasses 7a, 7b. A viscous ligquid 1s
filled into the spring portion 7c. A horizontal axis 7e
provided on the plate glass 7a of the prism 7 is connected
with the actuator 6 that actuates the prism 7 in the
horizontal direction. A vertical axis 7f provided on the
plate glass 7b of the prism 7 1s connected with an actuator 15
that actuates the prism 7 in the vertical direction.
Therefore, the plate glass 7a is rotated in the horizontal
direction and the plate glass 7b is rotated in the vertical
direction.

A position (i.e., rotational angle of the prism 7 in the
horizontal direction) of the plate glass 7a rotated by the

actuator 6 in the horizontal direction 1s detected by a

vertical angle sensor 8 serving as a positlion detecting means.
A detected signal from the vertical angle sensor 8 is supplied
through an A/D converter 9 to the adding circuit 4.
Accordingly, the adding circuit 4 subtracts from the
integrated output of the integrating circuit 3 the detected
signal representative of the rotational angle of the prism 7
in the horizontal direction. A subtracted output of the

adding circuit 4 is supplied to the PWM driver 5.

There is shown an angular velocity sensor 10 that detects

10
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an angular velocity in response to a motion of the video
camera when the video camera is moved in the vertical
direction by the camera shake. As the angular velocity sensor
10, there may be utilized a piezoelectric vibratory gyro.

A detected signal from the angular velocity sensor 10 is
supplied through an A/D converter 11 to an integrating circuit
12 which processes the detected signal supplied thereto in an
integrating fashion such as the addition of a preceding
detected signal of the detected signal from the angular

velocity sensor 10 to a signal attenuated by a predetermined

gain to thereby provide an integrated output. The integrated

output from the integrating circuit 12 is supplied to an
adding circuit 13. An output from the adding circuit 13 is
supplied to a PWM (pulse width modulation) driver 14, in which
it i1s processed as a PWM signal and then fed to an actuator
15.

The actuator 15 is coupled to the vertical axis 7f of the
plate glass 7b of the prism 7 to rotate the plate glass 7b in
the vertical direction. A position (rotational angle of the
prism 7 in the vertical direction) at which the plate glass 7b
1s rotated in the vertical direction by the actuator 15 is
detected by a vertical angle sensor 16 serving as a position
detecting means. A detected signal from the vertical angle
sensor 16 1s supplied through an A/D converter 17 to the
adding circuit 13. Therefore, the adding circuit 13 subtracts
from the integrated output of the integrating circuit 12 the
détected signal representative of the rotational angle of the

prism 7 in the vertical direction. The subtracted output is

11
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More specifically, the angular velocities of the

supplied to the PWM driver 14.

horizonal and vertical directions generated when the camera

shake occurs are detected. The actuators 6 and 15 rotate the
prism 7 in the horizontal and vertical directions based on the
detected angular velocities to refract a light so that the
light can be prevented from being moved on the target screen
of the CCD element (not shown) disposed at the rear stage of
the prism 7 in the upper, lower, right and left directions.
Also, the positions of the prism 7 (rotational angles of the
horizontal and vertical directions) are respectively detected
and then fed back to the actuators 6 and 15.

FIG. 3 of. the accompanying drawings 1s graph graphing a
driving curve of the prism 7 wherein an axis of ordinate
represents a deflection angle (8) and an axis of abscissa
represents a drive voltage (V). As shown in FIG. 3, a
relationship between the deflection angle and the drive
voltage of the prism 7 has a hysteresis characteristic.

FIG. 4 of the accompanying drawings shows a signal flow
diagram of the camera shake correcting apparatus shown in FIG.
2. A signal flow of the camera shake correcting apparatus
will hereinafter be described with reference to FIG. 4.

In FIG. 4, reference symbol R depicts a winding

resistance (V/A) of the actuator 6 or 15, X, a torque constant
(700g + cm/A), J an inertia (g - cm/sec2); D a viscosity

resistance (g ¢ cm/sec) of the liquid filled into the prism 7,
KO a spring constant (g + cm/deg) of the spring portion 7c¢ and

e; an alternating drive voltage (V), respectively.

12



2088200

A gain (open loop gain) in this case can be expressed by

the equation (1) below:

Expressing the equation (1) by a retarded general

expression of second order yields the following equation (2):

G(JW) = —- K
1~ (—==)2%+720 (-2.)

W, W,

where n represents a normalization and { represents an
attenuation coefficient.

A phase and a gain in the aforesaid open loop are
illustrated in FIG. 5 of the accompanying drawings. FIG. 5
'shows_a phase curve pol and a gain curve gol wherein an axis
of ordinate represents a phase (degree) and a gain (dB) and an
axis of abscissa represents a frequency (Hz) .

FIGS. 6A and 6B of the accompanying drawings are Bode
diagrams showing characteristics such that K is normalized to
1 (K =1). FIG. 6A shows gain characteristics plotted té the
frequency and FIGS. 6B shows-phase-characteristics plotted to
the frequency. FIG. 6A sths gain characteristics when the
attenuation coefficient ¢ is 0.05, 0.1, 0.2, 0.3, 0.5, 0.7,
1.0 and 2.0. FIG. 6B shows phase characteristics when the
attenuation coefficient ¢ is 0.1, 0.2, 0.3, 0.5, 0.7, 0.9 and
1.0.

As shown in FIGS. 6A and 6B, when the attenuation

13
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coefficient ( is 0.7, the phase and galin characteristics are
satlsfactorily matched with the frequencies. Further,

although the phase and gain characteristics are disturbed by

disturbances such as a resonance characteristic appearing near
100 Hz, they are satisfactorily matched at frequencies of 50

Hz or below.

FIG. 7 of the accompanying drawings is a signal flow
diagram showing the signal flow when a closed loop is formed
of the PWM drivers 5, 14, the actuators 6, 15 and the vertical
angle sensors 8, 16 where the integrated results by the
integrating circuits 3 and 12 are assumed to be reference
values ref depending on the open loop characteristic of the
aforesaid camera shake correcting apparatus.

The gain in this closed loop can be expressed by the

following equation (3):

I

&J g2, RD S+ ( Ry +KO)
2K, 2K, 2K,
FIGS. 8A and 8B of the accompanying drawings are graphs
showing measured results of the gain in the closed loop. FIG.
8A shows the change of gain relative to the input level

wherein an axis of ordinate represents the gain (dB) and an

axis of abscissa represents the frequency (Hz). FIG. 8B shows

the change of phase relative to the input level wherein an

14
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a~ls of ordinate represents the phase (degree) and an axis of
abscissa represents the frequency (Hz).

In the graphs of FIGS. 8A and 8B, a characteristic curve
goZ represents a measured gain when the input level falls
within a range of * 200 mV, a characteristic curve go3
represents a measured gain when the input level falls within a
range of * 50 mV, a characteristic curve go4 represents a
measured gailn when the input level falls within a range of *
25 mV, a characteristic curve go5 represents a measured gain
when the input level falls within a range of * 10 mV, a
characteristic curve po2 represents a measured phase when the
input level falls within a range bf * 200 mV, a characteristic
curve po3 represents a measured-phase when the input level
falls within a range of t 50 mV, a characteristic curve poé
represents a measured phase when the input levél falls within
a range of t 25 mV and a characteristic curve po5 represents a
measured phase when the input level falls within a range of
10 mV, respectively.

Study of the graphs shown in FIGS. 8A, 8B reveals that
the gain and the phase also are changed relative to the input
~level in the closed loop characteristic similarly to the open
loop characteristic.

The aforesaid camera shake correcting apparatus is not
free from some disadvantages that will be described below.

As is clear from the equation (1), the input and output
characteristics of the prism 7 are made nonlinear due to the

viscosity resistance D and the spring constant K, of the prism

7, in particular, the gain is decreased for a small signal.

15
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Tnere 1s then the disadvantage that a small camera shake

cannot be suppressed.
As 1s clear from the graph of FIG. 3 showing the
relationship between the drive voltage of the prism 7 and the

-

deflection angle, such relationship includes the hysteresis

characteristic. There is then the disadvantage that the prism

7 cannot be moved as i1t is instructed.

Further, as is clear from the graphs of FIGS. 6A, 6B
showing the gain and phase characteristics, the characteristic
like the resonance characteristic appears at the frequency
near 100 Hz, thereby causing a frequency disturbance.

The aforesaid characteristics are determined depending on
the 1inertia J, the viscosity resistance D and the spring

constant K, of the prism 7. Therefore, there will be no other

way than improving the prism 7-system mechanical arrangement
1f these characteristics are improved.

As is clear from the respective graphs of FIG. 5 and
FIGS. 8A, 8B, there are the disadvantages such.that the gain
of the low band component does not become 0 dB and hence the
frequency position becomes unstable (i.e., there is no phase
margin at the gain of 0 dB so that an oscillation tends to
occur, the gain of the low band component depends much on the
level, an oscillation tends to occur at the frequency near 100
Hz due to the fluctuation of peak level (this is also true in
FIGS. 6A and 6B) and a temperature dependency is large.

The bellows-like spring portion 7c 1s formed by folding a
material whose strength is affected by a temperature. Hence,

the spring constant thereof is changed with a temperature.

16
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A.30, the viscosity of the liquid 7 filled into the spring
portion 7c is changed with a temperature. In addition, the

input and output transfer function of the prism 7 is the

system of second-order or larger (because of spring term,
friction term or the like). There is then the disadvantage
such that an oscillation margin is reduced when the feedback
servo 1s effected.

According to a second embodiment of the present
invention, there is provided a camera shake correcting
apparatus which can remove the aforesaid disadvantages and in
which characteristics can be improved more.

As shown in FIGS. 9 to 23, the camera shake correcting
apparatus according to a second embodiment of the present
invention comprises the variable angular prism 7, the driving
means 29, 6, 15 for driving the variable angular prism 7, the
position detecting means 8, 16 and 20 for detecting the
position of the variable angular prism 7 and velocity
detecting means 1, 10, 26, 32 and 20 for detecting a velocity.
The driving means 6, 15, 20 drive the variable angular prism 7
1n response to detected results of the position detecting
means 8, 16, 20 and the velocity detecting means 1, 10, 26, 32
and 20.

According to the second embodiment of the present
invention, since the variable angular prism 7 is driven in
response to the detected results from the position detecting
means 8, 16, 20 and the velocity detecting means 1, 10, 26, 32
and 20, a nonlinearity of the variable angular prism 7 can be

alleviated and the variable angular prism 7 can be driven

17
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smoothly. Therefore, a phase margin serving as a servo
Characteristic can be increased, whereby a fluctuation of
elements in the mass-production can be reduced. Thus, the
camera shake correcting apparatus of the present invention can
be made strong to a temperature characteristic.

The camera shake correcting apparatus according to the
second embodiment of the present invention will hereinafter be
described in detail with reference to FIG. 9.

In FIG. 9, like parts corresponding to those of FIG. 2
are marked with the same references and therefore need not be
described in detail.

As shown in FIG. 9, the detected signal from the angular
velocity sensor (horizontal direction angular velocity sensor)
1 1s supplied through an A/D converter 21 to a digital
integrating circuit 22. The angular velocity sensor 1 detects
a yawing angle or the like, for example. The digital

integrating circuit 22 effects the integration by adding the

digital detected signal from the A/D converter 21 with an
attenuated preceding detected signal. An integrated output
from the digital integrating circuit 22 is converted into an
analog signal by a digital-to-analog (D/A) converter 23 and
then fed to an adding circuit 24.

The adding circuit 24 subtracts from the detected signal

of the D/A converter 23 a position signal that is obtained

when the vertical angle sensor (i.e., PID: potentio +» integral
+ differential sensor) 8 detects the position of the variable
angular prism (VAP element) 7 in the horizontal direction.

An output of the adding circuit 24 is supplied to an adding

18
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circuit 25 of the next stage.

The adding circuit 25 subtracts a signal of a damping
coil 26 from the outpuE of the adding circuit 24. A resultant
subtracted signal is supplied to the actuator 6 as a drive
signal, whereby the prism 7 is moved in the horizontal
direction.

The detected signal from the angular velocity sensor
(vertical direction angular velocity sensor) 10 is supplied
through an A/D converter 27 to a digital integrating circuit
28. The angular velocity sensor 10 detects a pitching angle
of the like, for example.

The digital integrating circuit 28 effects the
integration by adding the digital detected signal from the A/D
converter 27 to the attenuated preceding detected signal
similarly as described above. An integrated output from the
digital integrating circuit 28 is converted into an analog
signal by a D/A converter 29 and then fed to an adding circuit
30. The adding circuit 30 subtracts from the detected signal
of the D/A converter 29 a position signal that is obtained
when the vertical angle sensor (i.e., PID sensor) 16 detects
the position of the variable angular prism (VAP element) 7 in
the vertical direction. An output of the adding circuit 30 is
supplied t6 an adding circuit of the next stage. The adding
circuit 31 subtracts a signal of a damping coil.32 from the
output of the adding circuit 30. A resultant subtracted
signal is supplied to the actuator 15 as the drive signal,
whereby the prismg7 is moved in the vertical direction.

As described above, according to the camera shake

19
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correcting apparatus of the first embodiment of the present

invention, by controlling the vertical angle sensors 8 and 16,

1t is impossible to suppress a variety of disadvantages caused
by the viscosity of the liquid 7d in the prism 7, the Spring
resistance of the spring portion 7c, fluctuations caused by
various factors such as axial friction or the like,
temperature dependency characteristics, etc.

In order to suppress various disadvantages by using the
vertical angle sensors 8 and 16, it is proposed to form a so-

called D loop such that the output e, (see FIG. 4) is

differentiated and fedback to obtain the phase margin. The D
loop cannot be utilized in this case because a signal-to-noise
(S/N) ratio of the vertical angle sensors 8, 16 is poor in the
high band, in particular. Further, if a P loop gain is
increased in order to obtain a DC gain, then an oscillation
margin 1s lost. Furthermore, although the integrating loop
(1) is effective for increasing the DC gain, the integrating
loop becomes useless unless the D loop is utilized together
therewith because the integrating loop, when used alone,
deteriorates the phase margin.

According to the second embodiment of the present
invention, there is employed, instead of the differential D
loop, a velocity loop, i.e., a feedback loop of the damping
coils 26 and 32.

FIGS. 10 and 11 of the accompanying drawings shows
structures of the plate glass 7a or 7b of the prism 7, the

actuator 6 or 15, the damping coil 26 or 32, a stator or the

like.

20
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As shown in FIGS. 10 and 11, there is provided a bobbin
41 which has an axial hole defined at the position slightly
higher than the intermediate portion thereof for accepting the
horizontal axis (or vertical axis 7f) 7e. A detecting portion
4la 1s formed above this axial hole and a slit 41b is formed
on the top portion of the detecting portion 4la of the bobbin
41.

On the left of the slit 4la and also at the so-called
prism center, there is disposed a photo-diode 44 so that an
optical axis thereof passes the slit 41b. On the right of the
slit 41lb and also at the so-called prism center, a photo-
sensor 45 1is disposed so as to become able to receive a light
emitted from the photo-diode 44.

Thus, the light emitted from the photo-diode 44 is
focused on the photo-sensor (PSD: photo-sensitive device) 45,
That i1s, the position at which the light emitted from the
photo-diode 44 is focused on the photo-sensor 45 is moved in
response to the condition that the bobbin 41 is rotated by the
actuators 6, 15, which is obtained as a voltage.

Around the lower portion of the bobbin 41, there are
wound drive coil (actuator) wires 42 and damping coil wires 43
in parallel to each other.

- The bobbin 41 having the drive coil wires 42 and the
damping coil wires 43 wound therearound is disposed within a
stator 41 as shown in FIG. 12 of the accompanying drawings. A
horizontal axis shaft rod 53 or vertical axis shaft rod 54 is
attached to the horizontal axis 7e or vertical axis 7f of the

bobbin 41. One end of the shaft rod 53 or 54 is attached to
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the plate glass 7a or 7b of the prism 7 and the other end

thereof is attached to the inner wall portion of a housing 55.

FIG. 12 shows the condition that the drive coil wires 42
and the damping coil wires 43 are wound around the bobbin 41.
As shown in FIG. 12, the drive coil wires 42 are wound around
the left portion of the bobbin 41 (not shown) to construct the
actuator 6 or 15 and the damping coil wires 43 are wound
around the right portion of the bobbin 41 (not shown) to
construct the damping coil 26 or 32.

FIG. 13 of the accompanying drawings shows other example
of the structure of the coil shown in FIG. 12.

As shown in FIG. 13, a spacer 56 is disposed at
.‘substantially a central portion of the bobbin 41. The drive
coil (actuator 6 or 15) wires 42 are wound around the left
portion (on the left side of the bobbin 41) of the spacer 56
to construct the actuator 6 or 15. Also, the damping coil
wires 43 are wound around the right portion (on the right side
of the bobbin 41) of the spacer 56 to construct the damping
coil 26 or 32.

According to this structure, a high frequency crosstalk
between the two coils (actuator 6, damping coil 26; and

actuator 15, damping coil 32) can be removed. Hence, the
characteristics can be prevented from being affected.

While there is provided the single bobbin 41 as described
‘above, the present invention is not limited thereto and two
bobbins 41 may be attached to the left and right sides of the

spacer 56, for example.

FIG. 14 of the accompanying drawing shows a further
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example of the structure of the coils shown in FIGS. 12 and
13.

As shown in FIG. 14, damping coil wires 43 are wound
around the bobbin 41 (not shown) to construct the damping coil
26 or 32. Further, drive coil (actuator 6 or 15) wires 42 are
wound around the damping coil wires 43 to construct the
actuator 6 or 15. With this arrangement, the whole thickness
of the coil is reduced to increase the torque of the motor
because the spacing of the stator is increased with the
increase of the thickness (length of the bobbin 41 around
which the drive coil wires 42 and the damping coil wires 43
are wound) of the coil, resulting in the torgue of the motor
being decreased.

The bobbin 41 is rotated in response to a current flowing
through the drive coil, i.e., actuator 6 or 15, or the plate
glass 7a or 7b is rotated so that the damping coil 26 or 32
generates a voltage proportional to the rotational angular

velocity, i.e., E o dB/d, » d/d, (magnetic flux).

FIG. 15 of the accompanying drawings shows in block form
a main portion of the camera shake correcting apparatus in
detail.

As shown in FIG. 15, an instruction signal (detected
signal) from the microcomputer 20 is supplied to an input
terminal 46 and the instruction signal is supplied to an
adding circuit 47.

The adding circuit 47 subtracts the detected signal of
the photo-sensor 45 from the instruction signal, and a

subtracted result is supplied through an amplifying circuit 48
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to an adding circuit 49.

The adding circuit 49 subtracts the signal (i.e., voltage
proportional to the rotational angular velocity) supplied
thereto from the damping coil 26 or 32 through an amplifying

circuit 52 from the signal supplied thereto from the adding

circuit 47 through the amplifying circuit 48. A subtracted
result is supplied to the actuator 6 or 15 and an inverting
circuit 50.

The drive signal from the adding circuit 49 is supplied

to one end of the actuator 6 or 15 and the signal from the
inverting circuit 50 is.Supplied to the other end of the
actuator 6 or 15, whereby a current is flowed through the
actuator 6 or 15 to generate a magnetic flux to rotate the
bobbin 41, i.e., the plate glass 7a or 7b.

An example of a circuit arrangement of the camera shake
correcting apparatus shown in FIG. 14 will be described with
reference to FIG. 16 of the accompanying drawings. In FIG.
16, like parts corresponding to those of FIG. 14 are marked
with the same references and therefore need not be described
in,detail.

‘As shown in FIG. 16, an'output terminal of the photo-
sensor 45 1s connected through a resistor 62 to an inverting
input terminal (-) of an operational amplifier circuit 60.
The inverting input terminal (-) of the operational amplifier
circulit 60 and the output terminal of the operational
amplifier circuit 60 are connected together via a parallel
Circult of a resistor 63 and a capacitor 64. The inverting

input terminal (~) of the operational amplifier circuit 60 is
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connected to the input terminal 46 through a resistor 61. A
non-inverting input terminal (+) of the operational amplifier
circuit 60 1is connected to a positive side of the power supply
51. Thus, the adding circuit 47 and the amplifying circuit 48
are formed as shown by a one-dot chain lihe block 1n FIG. 1b6.
Then, the output terminal of the operational amplifier circuit
60, i.e., the output terminal of the amplifying circuit 48 1s
connected through a resistor 66 to an inverting input terminal
(-) of an operational amplifier circuit 65. The inverting
input terminal (-) of the operational amplifier circuit 65 and
the output terminal of the operational amplifier circuit 65
are connected together to a parallel circuilt of a resistor 67
and a capacitor 68. The inverting input terminal (-) of the
operational amplifier Ttircuit 65 1s connected through a
resistor 72 and the damping coil 26 or 32 to the positive side
of the power supply 51. Thus, the adding circuit 49 and the
amplifying circuit 52 are formed as shown by a one~dot chain
line block in FIG. 1l6. Then, the output terminal of the
operational amplifier circuit 65, 1.e., the output terminal of
the amplifying circuit 52 1is connected through a resistor 70
to an inverting input terminal (-) of an operatiocnal amplifier

circuit 69. The output terminal of the operational amplifier

circult 65 is connected through the actuator 6 or 15 to the

output terminal of the operational amplifier circult 635. A
non-inverting input terminal (+) of the operational amplifier

circuit 69 1is connected to the positive side of the power

supply S51. Thus, the inverting circuit 50 1s formed as shown

by a one-dot chain line block in FIG. 16.
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The resistors 61, 62 and the resistors 66, 72 are used to
determine adding ratios of the adding circuits 47, 49,
respectively. The resistors 63, 67 are used to determine the
gains of the amplifying circuits 48, 52, respectively. The
capaclitors 64, 68 construct active low-pass filters,
respectively. The resistors 70, 71 are used to determine the

gain of the inverting circuit 50.

A servo of the prism 7 in the camera shake correcting
apparatus according to this embodiment will be described.

The servo of the prism 7 in the open loop according to
this embodiment can be demonstrated in a signal flow diagram
forming FIG. 17 of the accompanying drawings.

In FIG. 17, reference symbol R.depicts a winding

resistance (V/A) of the actuator 6 or 15, K, a torgue constant

(700g « cm/A), J an inertia (g » cm/sec2), D a viscosity
resistance (g « cm/sec) of the liquid in the prism 7, KO a

detection gain (V/deg) of the vertical angle sensor 8 or 16, K,

T

a spring constant (g - cm/deg) of the spring portion 7c¢, K
gains of the adding circuits 24, 25 and the adding circuits
30, 31 (adding circuits 47, 49 in FIG. 15), Xy a position,
i1.e.; an amplifying gain of the photo-sensor 45, and K. a

velocity feedback, i.e., gain of the damping coil 26 or 32
(amplifying circult 52 in FIG. 15), respectively.
In the signal flow diagram of FIG. 17, the spring

~constant K, can be set to - K,/S as shown in FIG. 18.

Collecting respective parameters in the velocity feedback

gain K;, we have K./R » {1/JS + D + (K,/S)} as shown in FIG.
19. Collecting respective parameters in the detection gain X®
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of the vertical angle sensors 8, 16, we have K./ [(R/K.) « {JS +
D + (K,/S8)} + K;] » 1/S as shown in FIG. 20.
Therefore, gain Gupgypmasgy iR the open loop can be ‘expressed

by the following equation (4):

KrKe 1
e = :
open ( PHASE) P K g
— (JS+D+ ) +K
Kt: S
— KrKg
..E.':ZSz-i- (_R,Q+Ks) ,5’+-RKX
KC t KC

i

Further, when RD/D, < K; and RK, /K, O, gain Gepgypmasey CanN

be expressed by the following equation (5):

K,KO
RJ
S(—S+K
( X, o)
K,KO
K

Y

- A T Sl -y

RJ
S(1+ 5)
KCKS

Gopen(PIMSE) ="

S
_.m

FIG. 21 of the accompanying drawings shows a gain in the
.0pen loop where an axis of ordinate represents a gain (dB) and
an axis of abscissa represents a frequency (w). As shown in

FIG. 21, when the gain is 0 dB and the frequency o is K.K,/RJ,

the gain in the open loop becomes substantially - 6 dB/oct.

Therefore, a gain in the closed loop can be expressed by

the following equation (6):

Comparison of the equation (6) with the equation (3) that

expresses the gain in the closed loop of the servo in the
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prism 7 of the camera shake correcting apparatus according to
the first embodiment reveals the following fact. That is, in
the closed loop of the servo of the prism 7 in the camera

shake correcting apparatus of this embodiment expressed in the

equation (6), because of the addition of the velocity feedback

gain K,, a first-order term becomes larger than a zero-order
term relatively so that 1/aS, + bS + ¢ can be approximated to

1/5(aS + b) more accurately. Also, in the low band, a first-
order characteristic of - 6 dB/oct can be presented as shown
in FIG. 21.

Further, D (viscosity) and K, (spring constant) that are

causes of the nonlinearity and temperature dependency can be

improved. That is, if the velocity feedback gain K, is
increased, i1.e., RD/K, < K, then the‘influence of the
vi'scosity D can be reduced. If (RD/K.) S > (RK,/K,K.), then the
influence of the spring conétant.K§can be reduced.

Therefore, in the open loop of the servo of the prism 7

in the camera shake correcting apparatus according to the
second embodiment, a phase curve pc2 and a gain curve gc2 are
presented as shown in FIG. 22. Hence, the phase margin can be
increased.

In the close loop of the servo of the prism 7 in the
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camera shake correcting apparatus according to the second
embodiment of the present invention, a phase curve pc3 and a
gain curve gc3 are presented as shown in FIG. 23. Hence, the
phase margin is decreased.

As described above, according to the second embodiment of
present.invention, the damping coils 26 and 32 are disposed in
parallel to the prism driving actuators 6 and 15, and the
position signals from the vertical angle sensors 8, 15 are
subtracted from the detected signals that are obtained by the
éngular velocity sensors 1 and 10 when the camera is shaken.
Further, the rotational angular velocity signals detected by
the damping coils 26, 32 are subtracted from these subtracted
results and the actuators 6, 15 are respectively driven by
these subtracted results serving as the drive signals.
Therefore, the nonlinearity of the prism 7 can be alleviated,
or the prism 7 can be moved smoothly and the phase margin of
the servo characteristic can be increased. Thus, the camera
shake correcting apparatus can be prevented from being
affected by fhe fluctuation of elements in the mass-production
and also can be prevented from being affected by the
temperature characteristic dependency.

The camera shake correcting apparatus according to a
third embodiment of the present invention will be described
with reference to FIGS. 24 to 26. |

Although the control characteristic of the damping coil
26 or 32 in the camera shake correcting apparatus according to
the first and second embodiments of the invention is improved,

the actuator 6 or 15 interferes with the damping coil 26 or 32
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sO0 that a gain margin cannot be obtained sufficiently in the
open loop characteristic of the position (angle) control loop.
The gain margin tends to be decreased much more with the
fluctuation of temperature. If the gain margin is decreased
so much, there is then the risk that an oscillation will
occur.

To remove the above-mentioned drawbacks, it is proposed
that the actuator 6 or 15 and the damping coil 26 or 32 are
electromagnetically shielded. From a structure standpoint,

however, it is impossible to electromagnetically shield the

actuator 6 or 15 and the damping coil 26 or 32 from each
other.

According to the third embodiment of the present
invention, a voltage proportional to a current flowing through
the actuator 6 or 15 is differentiated and a voltage signal
induced by the interference of the damping coil 26 or 32 is
generated. A differentiated signal that is obtained by
differentiating the voltage proportional to the current
flowing through the actuator 6 or 15 is subtracted from the
voltage induced when the actuator 6 or 15 interferes with the
damping coil 26 or 32, thereby effecting the neutralization
processing. Therefore, the characteristics can be prevented
from‘being deteriorated when the actuator 6 or 15 interferes
with the damping‘coil 26 or 32. Thus, the inherent
characteristics of the camera shake dorrecting apparatus can
be effectively utilized at maximum. Also, the damping
efficiency of the damping coil 26 or 32 can be increased and

can be controlled satisfactorily regardless of the fluctuation
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factors such as the change of temperature or the like.

The third embodiment of the present invention will be'
described below. In FIGS. 24 to 26, like parts corresponding
to those of FIGS. 15 and 16 are marked with the same
references and therefore need not be described in detail.

As shown in FIG. 24, unlike the example of the circuit

arrangement of the main portion of the camera shake correcting
apparatus shown in FIG. 15, the output of the actuator 6 or 15
is differentiated by a differentiating circuit 57 and a
differentiated signal is supplied through the amplifying
circult 58 to the adding circuit 59. The adding circuit 59

subtracts the differentiated signal from the signal supplied

thereto from the damping coil 26 or 32 through the anplifying
circuit 52. A resultant subtracted signal is supplied to the
adding circult 49.

The instruction signal (detected signal) from the
microcomputer 20 is supplied to the input terminal 46 and this
signal is supplied to the adding circuit 47.

The adding circuit 47 subtracts the detected signal of
the photo-sensor 45 from the instruction signal and a
subtracted result is supplied through the amplifying circuit
48 to the adding circuit 49.

The output of the actuator 6 or 15 is differentiated by
the differentiating circuit 57, thereby being produced as a
differentiated signal. This differentiated signal is supplied
through the amplifying circuit 58 to the adding circuit 59.
The adding circuit 59 is supplied with the output (voltage

proportional to the rotational angular velocity) from the
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damping coil 26 or 32 through the amplifying circuit 52. The
adding circuit 59 subtracts from the signal supplied thereto
from the damping coil 26 or 32 through the amplifyving circuit
02 the output, which is output from the actuator 6 or 15 and
differentiated by the differentiating circuit 57 through the
amplifying circuit 58, i.e., the voltage induced by the
damping coil 26 or 32 upon interference. A subtracﬁed signal
1s supplied to the adding circuit 49. The subtraction in the
adding circuit 49 is equal to the so-called neutralization
processing where the control efficiency deteriorated when the
actuator 6 or 15 interferes with the damping coil 26 or 32 can
be alleviated.

The adding circuit 49 subtracts from the signal supplied
- thereto from the adding circuit 47 through the amplifvying
circult 48 the subtracted signal supplied thereto from the
actuator 6 or 15 through the differentiating circuit 57 and
the amplifying circuit 58. A subtracted signal is supplied to
the actuator 6 or 15 and the inverting circuit 50.

Therefore, the drive signal from the adding circuit 49 is
supplied to one end of the actuator 6 or 15 and the signal
from the inverting circuit 50 is supplied to the other end of
the actuator 6 or 15, whereby a current is flowed through the
actuator 6 or 15 to generate a magnetic flux, thereby rotating
the bobbin 41, i.e., the plate glass 7a or 7b.

An example of a circuit arrangement of a main portion of
the camera shake correcting apparatus shown in FIG. 24 will be
described with reference to FIG. 25 of the accompanying

drawings. In FIG. 25, parts and elements identical to those

32



2088200

of FIG. 16 are marked with the same references and therefore

need not be described in detail.

As shown in FIG. 25, the output terminal of the
operational amplifier circuit 65 is connected through a
capacitor 74 to an inverting input terminal (-) of an
operational amplifier circuit 77 constructing the
differentiating circuit 57, additionally provided in this
embodiment, and the amplifying circuit 58. The inverting
input terminal (-~) of the operational amplifier circuit 77 and
the output terminal of the operational amplifier circuit 77
are connected together via a parallel circuit of a resistor 75
and a capacitor 76. The output terminal of the operational
amplifier circuit 77 is connected through a resistor 73 to a
junction between the inverting input terminal (-) of the
operational amplifier circuit 65 and a resistor 72. The
capacitor 74 and the resistor 75 constitute the
differentiating circuit 57, and the capacitor 76 constructs
the active low-pass filter. The resistor 73 determines an
adding ratio and constructs the adding circuit 59.

According to the above-mentioned circuit arrangement, the
output of the operational amplifier circuit 65, i.e., the
voltage proportional to the current flowing through the
actuator 6 or 15 is differentiated by the capacitor 74 and the
resistor 75 and then amplified by the operational amplifier
circuit 77. Thereafter,.the above differentiated signal is
subtracted from the signal of the damping coil 26 or 32 by the
resistor 73 constructing the adding circuit 59 to thereby

prevent the characteristics from being deteriorated when the
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actuator 6 or 15 interferes with the damping coil 26 or 32.
FIG. 26 of the accompanying drawings shows a further
example of the circuit arrangement shown in FIG. 25. As shown

in FIG. 26, one end of a capacitor 78 which constructs the
differentiating circuit 57 and the amplifying circuit 58. The
other end of the capacitor 78 is connected to a junction
between the inverting input terminal (-) of the operational
amplifier circuit 65 and the resistor 72 via the resistor 73
which is used to determine the adding ratio and which

constructs the adding circuit 59.

Also in the case of the above circuit arrangement,
simlilarly to the circuit shown in FIG. 25, the butput of the
operational amplifier circuit 71, i.e., the voltage
proportional to the current flowing through the actuator 6 or
15 1s differentiated by the capacitor 74 and then amplified.
Thereafter, the differentiated signal is subtracted from the
signal of the damping coil 26 or 32 by the resistor 73
constructing the adding circuit 59 to thereby prevent the

characteristics from being deteriorated when the actuator 6 or

15 interferes with the damping coil 26 or 32.

FIG. 27 of the accompanying drawings is a signal flow

diagram showing the condition that the so-called
neutralization procesSing described with reference to FIGS. 24
to 26 1s not effected. As shown by an interference magnitude
coefficient - KiS i1n FIG. 27, the actuator 6 or 15 interferes
with the damping coil 26 oxr 32, which causes the

characteristics to be deteriorated.

FIG. 28 of the accompanying drawings is a signal flow
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diagram showing the condition that the so-called
neutralization processing described with reference to FIGS. 24
to 26 1s effected. Although the actuator 6 or 15 interferes
with the damping coil 26 or 32 as shown by an interference

magnitude coefficient - K;, in FIG. 28, the neutralization

processing (described in FIGS. 24 to 26) shown by a

neutralization magnitude coefficient K., can prevent the

characteristics from being deteriorated when the actuator 6 or
15 interferes with the damping coil 26 or 32.
At that time, a relationship between the interference

coefficient K;, and the neutralization coefficient K_, must be
set as K;, = K. If the above-mentioned relationship is set as

Kis > K.sr then the local positive feedback is effected and an

oscillation occurs.

FIG. 29 of the accompanying drawings shows a
characteristic of the open loop under the condition that the
neutralization processing is effected. When the
neutralization processing is effected, as will be clear from a
phase curve pc4 and a gain curve gc4, the gain margin can be
increased remarkably as.compared with the phase curve pc2 and
the gain curve gc2 shown in FIG. 22 where the neutralization
processing is not effected.

FIG. 30 of the accompanying drawings shows a
characteristic of the closed loop ﬁnder the condition that the
neutralization processing is effected. As shown in FIG. 30,
‘as will be clear from a phase curve pc5 and a gain curve gch,

the phase margin is not deteriorated considerably as compared

with the phase curve pc3 and the gain curve gc3 shown in FIG.
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23 where the neutralization processing is not effected.

Since the differentiated signal, which results from
differentiating the voltage proportional to the current
flowing through the actuator 6 or 15, is subtracted from the
voltage induced when the actuator 6 or 15 interferes with the
damping coil 26 or 32 to thereby effect the so-called
neutralization processing as described above, the
characteristics can be prevented from being deteriorated when
the actuator 6 or 15 interferes with the damping éoil 26 oOrx
32. The inherent characteristics can be utilized effectively
at maximum and the damping efficiency of the damping coil 26
or 32 can be improved. Also, the camera shake correcting
apparatus can be controlled satisfactorily regardless of the
fluctuation factors such as the change of temperature or the
like.

As set forth, according to the present invention, the
camera shake that takes place when the cameraman takes a
picture by the video camera can be corrected optically.
Further, since the variable angular prism is driven in
response to the detected results from the position detecting
means and the velocity detecting means, the nonlinearity of
the variable ahgular prism can be driven smoothly and the
phase margin serving as;the servo characteristic can be
increased. Therefore, the fluctuation of the elements in the
mass-production can be reduced. Thus, the camera shake
correcting apparatus can be made strong to temperature

characteristics.

Having described preferred embodiments of the invention
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with reference to the accompanying drawings, it is to be
understood that the invention is not limited to those precise
embodiments and that various changes and modifications could
be effected by one skilled in the art without departing from

the spirit or scope of the invention as defined in the

appended claims.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A camera shake correcting apparatus comprising:

a variable angular prism including yaw and pitch glass plates in spaced relation
with a light transmission medium sealingly arranged therebetween for changing a
refracting angle of said prism by changing a relative angle between said glass plates 1n
response to yaw and pitch angular prism drive signals to thereby change a refraction
angle of light passing through said prism;

prism angle position detecting means for detecting a horizontal angular position
of said yaw glass plate and producing a yaw position signal and a vertical angular
position of said pitch glass plate and producing a pitch position signal;

camera shake amount detecting means for detecting an amount of camera shake
of at least a horizontal and a vertical motion of a camera and producing yaw and pitch
motion signals;

damping coil means attached respectively to said yaw and pitch glass plates for
producing yaw and pitch damping signals;

calculating means for calculating said yaw and pitch angular prism drive signals
based on said yaw and pitch motion signals produced by said camera shake detecting
means, said yaw and pitch position signals produced by said prism angle position
detecting means, and said yaw and pitch damping signals produced by said damping coil
means, and generating said yaw and pitch angular prism drive signals;

variable angular prism drive means for driving said prism by rotationally driving
said yaw and pitch glass plates in response to said yaw and pitch angular prism drive
signals; and

a differentiating loop connect between an an output and an input of said variable
angular prism drive means for reducing interference between said variable angular prism
drive means and said damping coils, said differentiating loop including a differentiating

circuit and an amplifying circuit.
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2. A camera shake correcting apparatus according to claim 1, wherein

sald damping coil means includes a yaw damping coil circuit for detecting a
rotational angular velocity of said yaw glass plate attached thereto, and a pitch damping
coil circuit for detecting a rotational angular velocity of said pitch glass plate attached
thereto,

said camera shake amount detecting means includes a horizontal angular velocity
sensor for detecting a yaw angle and producing a yaw motion signal, a vertical angular
velocity sensor for detecting a pitch angle and producing a pitch motion signal, and
integrating means for integrating said yaw and pitch motion signals fed to said
calculating means, and

said differentiating loop further includes an adding circuit and wherein said output
of said variable angular prism drive means is differented by said differential circuit to
produce a differentiated signal that is supplied through said amplifying circuit to said

adding circuit to be added to said yaw and pitch angular prism drive signals.

3. A camera shake correcting apparatus according to claim 2, wherein said integrating

means includes:

a first yaw adding circuit;

a yaw integrating circuit for integrating said yaw signal and supplying an
integrated yaw signal to said first yaw adding circuit, said first yaw adding circuit
subtracting said yaw position signal from said integrated yaw signal and producing a
subtracted yaw signal;

a second yaw adding circuit for subtracting said yaw damping signal produced
by said yaw damping coil circuit from said subtracted yaw signal produced by said first
yaw adding circuit and producing said yaw angular prism drive signal to control said yaw
glass plate;

a first pitch adding circuit;

a pitch integrating circuit for integrating said pitch signal and supplying an
integrated pitch signal to said first pitch adding circuit,

said first pitch adding circuit subtracting said pitch position signal from said

integrated pitch signal and producing a subtracted pitch signal; and
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a second pitch adding circuit for subtracting said pitch damping signal produced
by said pitch damping coil circuit from said subtracted pitch signal produced by said first

pitch adding circuit and producing said pitch angular prism drive signal to control said

pitch glass plate.

4. A camera shake correcting apparatus according to claim 3, wherein said horizontal and

vertical angular velocity sensors are comprised of piezoelectric vibratory gyros.

5. A camera apparatus comprising:

a variable angular prism including yaw and pitch glass plates in spaced relation
with a light transmission medium sealingly arranged therebetween for changing a
refracting angle of said prism by changing a relative angle between said glass plates in
response to yaw and pitch angular prism drive signals to thereby change a refraction
angle of light passing through said prism;

prism angle position detecting means for detecting a horizontal angular position
of said yaw glass plate and producing a yaw position signal and a vertical angular
position of said pitch glass plate and producing a pitch position signal;

camera shake amount detecting means for detecting an amount of camera shake
of at least a horizontal and a vertical motion of a camera and producing yaw and pitch
motion signals;

damping coil means attached respectively to said yaw and pitch glass plates for
producing yaw and pitch damping signals;

calculating means for calculating said yaw and pitch angular prism drive signals
based on said yaw and pitch motion signals produced by said camera shake detecting
means, said yaw and pitch position signals produced by said prism angle position
detecting means, and said yaw and pitch damping signals produced by said damping coil
means, and generating said yaw and pitch angular prism drive signals;

variable angular prism drive means for driving said prism by rotationally driving
said yaw and pitch glass plates in response to said yaw and pitch angular prism drive

signals;
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a differentiating loop connected between an output and an input of said variable
angular prism drive means for reducing interference between said variable angular prism
drive means and said damping coils, said differentiating loop including a differentiating
circuit and an amplifying circuit; and

image pickup means for focusing and converting said light passing through said

variable angular prism into a video signal.

6. A camera apparatus according to claim 5, wherein

said damping coil means includes a yaw damping coil circuit for detecting a
rotational angular velocity of said yaw glass plate attached thereto, and a pitch damping
coil circuit for detecting a rotational angular velocity of said pitch glass plate attached
thereto,

sald camera shake amount detecting means includes a horizontal angular velocity
sensor for detecting a yaw angle and producing a yaw motion signal, a vertical angular
velocity sensor for detecting a pitch angle and producing a pitch motion signal, and
integrating means for integrating said yaw and pitch motion signals fed to said
calculating means, and

said differentiating loop further inclines an adding circuit and wherein said output
of said variable angular prism drive means 1s differentiated by said differentiating circuit
to produce a differentiated sign that 1s supplied through said amplifying circuit to said

adding circuit to be added to said yaw and pitch angular prism drive signals.

7. A camera apparatus according to claim 5, wherein said calculating means includes:

a first yaw adding circuit;

a yaw 1ntegrating circuit for integrating said yaw motion signal and supplying an
integrated yaw motion signal to said first yaw adding circuit, said first yaw adding circuit
subtracting said yaw position signal from said integrated yaw signal and producing a
subtracted yaw motion signal;

a second yaw adding circuit for subtracting said yaw damping signal produced

by said yaw damping coil circuit from said subtracted yaw motion signal produced by
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said first yaw adding circuit and producing said yaw angular prism drive signal to control
sald yaw glass plate;

a first pitch adding circuit;

a pitch integrating circuit for integrating said pitch motion signal and supplying
an integrated pitch motion signal to said first pitch adding circuit, said first pitch adding
circuit subtracting said pitch position signal from said integrated pitch motion signal and
producing a subtracted pitch motion signal; and

a second pitch adding circuit for subtracting said pitch damping signal produced
by said pitch damping coil circuit from said subtracted pitch signal produced by said first

pitch adding circuit and producing said pitch angular prism drive signal to control said

pitch glass plate.

8. A recording apparatus having a built-in camera comprising:

a variable angular prism including yaw and pitch glass plates in spaced relation
with a hight transmission medium sealingly arranged therebetween for changing a
refracting angle of said prism by changing a relative angle between said glass plates in
response to yaw and pitch angular prism drive signals to thereby change a refraction
angle of light passing through said prism;

prism angle position detecting means for detecting a horizontal angular position
of said yaw glass plate and producing a yaw position signal and a vertical angular
position of said pitch glass plate and producing a pitch position signal;

camera shake amount detecting means for detecting an amount of camera shake
of at least a horizontal and a vertical motion of a camera and producing yaw and pitch
motion signals;

damping coil means attached respectively to said yaw and pitch glass plates for
producing yaw and pitch damping signals;

calculating means for calculating said yaw and pitch angular prism drive signals
based on said yaw and pitch motion signals produced by said camera shake detecting

means, said yaw and pitch position signals produced by said prism angle position
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detecting means, and said yaw and pitch damping signals produced by said damping coil
means, and generating said yaw and pitch angular prism drive signals;

variable angular prism drive means for driving said prism by rotationally driving
said yaw and pitch glass plates in response to said yaw and pitch angular prism drive
signals;

a differentiating loop connected between an output and an output of said variable
angular prism drive means for reducing interterence between said variable angular prism
drive means and said damping coils, said differentiating loop including a differentiating
circuit and an amplifying circuit;

image pickup means for focusing and converting said light passing through said
variable angular prism into a video signal; and

recording means for converting said video signal output from said image-pickup

means 1nto a recording signal and recording said recording signal onto a recording

medium.

9. A recording apparatus having a built-in camera according to claim 8, wherein

said damping coil means includes a yaw damping coil circuit for detecting a
rotational angular velocity of said yaw glass plate attached thereto, and a pitch damping
coil circuit for detecting a rotational angular velocity of said pitch glass plate attached
thereto,

sald camera shake amount detecting means includes a horizontal angular velocity
sensor for detecting a yaw angle and producing a yaw motion signal, a vertical angular
velocity sensor for detecting a pitch angle and producing a pitch motion signal, and
integrating means for integrating said yaw and pitch motion signals, and

said differentiating loop further includes an adding circuit and wherein said output
of said variable angular prism drive means is differentiated by signal differentiating
circuit to produce a differentiated signal that 1s supplied through said amplifying circuit

said adding circuit to be added to said yaw and pitch angular prism drive signals.
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10. A recording apparatus having a built-in camera according to claim 8, wherein said

calculating means includes:

a first yaw adding circuit;

a yaw integrating circuit for integrating said yaw motion signal and supplying an
integrated yaw motion signal to said first yaw adding circuit, said first yaw adding circuit
subtracting said yaw position signal from said integrated yaw motion signal and
producing a subtracted yaw signal;

a second yaw adding circuit for subtracting said yaw damping signal produced
by said yaw damping coil circuit from said subtracted yaw signal produced by said first

yaw adding circuit and producing said yaw angular prism drive signal to control said yaw

glass plate;

a first pitch adding circuit;

a pitch integrating circuit for integrating said pitch motion signal and supplying
an integrated pitch motion signal to said first pitch adding circuit, said first pitch adding
circuit subtracting said pitch position signal from said integrated pitch signal and
producing a subtracted pitch signal; and

a second pitch adding circuit for subtracting said pitch damping signal produced
by said pitch damping coil circuit from said subtracted pitch signal produced by said first

pitch adding circuit and producing said pitch angular prism drive signal to control said

pitch glass plate.

11. A camera shake correcting apparatus comprising:

a variable angular prism including yaw and pitch glass plates in spaced relation
with a viscous light transmission medium sealingly arranged therebetween for changing
a refracting angle of said prism by changing a relative angle between said glass plates in
response to yaw and pitch angular prism drive signals to thereby change a refraction
angle of light passing through said prism, wherein said glass plates are sealingly bonded
to a bellows-like spring portion filled with the viscous light transmission medium;

prism angle position detecting means for detecting a horizontal angular position
of said yaw glass plate and producing a yaw position signal and a vertical angular

position of said pitch glass plate and producing a pitch position signal;
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camera shake amount detecting means for detecting an amount of camera shake
of at least a horizontal and a vertical motion of a camera and producing yaw and pitch
motion signals;

damping coil means attached respectively to said yaw and pitch glass plates for
producing yaw and pitch damping signals;

calculating means for calculating said yaw and pitch angular prism drive signals
based on said yaw and pitch motion signals produced by said camera shake detecting
means, said yaw and pitch position signals produced by said prism angle position
detecting means, and said yaw and pitch damping signals produced by said damping coil
means, and generating said yaw and pitch angular prism drive signals;

variable angular prism drive means for driving said prism by rotationally driving
said yaw and pitch glass plates 1n response to said yaw and pitch angular prism drive
signals; and

a differentiating loop connected between an output and an input of said variable
angular prism drive means for reducing interference between said variable angular prism
drive means and said damping coils, said differentiating loop including a differentiating

circuit and an amplifying circuit.

12. A camera shake correcting apparatus according to claim 11, wherein

said damping coil means includes a yaw damping coil circuit for detecting a
rotational angular velocity of said yaw glass plate attached thereto, and a pitch damping
coil circuit for detecting a rotational angular velocity of said pitch glass plate attached
thereto,

sald camera shake amount detecting means includes a horizontal angular velocity
sensor for detecting a yaw angle and producing a yaw motion signal, a vertical angular
velocity sensor for detecting a pitch angle and producing a pitch motion signal, and
integrating means for integrating said yaw and pitch motion signals fed to said
calculating means, and

said differentiating loop further includes an adding circuit and wherein said output

of said variable angular prism drive means is differentiated by said difterentiating circuit
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to produce a differentiated signal that is supplied through said amplifying circuit to said

adding circuit to be added to said yaw and pitch angular prism drive signals.

13. A camera apparatus comprising;:

a variable angular prism including yaw and pitch glass plates in spaced relation
with a light transmission medium sealingly arranged therebetween for changing a
refracting angle of said prism by changing a relative angle between said glass plates in
response to yaw and pitch angular prism drive signals to thereby change a refraction
angle of light passing through said prism;

prism angle position detecting means for detecting a horizontal angular position
of said yaw glass plate and producing a yaw position signal and a vertical angular
position of said pitch glass plate and producing a pitch position signal;

camera shake amount detecting means for detecting an amount of camera shake
of at least a horizontal and a vertical motion of a camera and producing yaw and pitch
motion signals;

a velocity teedback loop comprising damping coils attached respectively to said
yaw and pitch glass plates for producing yaw and pitch damping signals, each of said
damping coils being wound on respective bobbins;

calculating means for calculating said yaw and pitch angular prism drive signals
based on said yaw and pitch motion signals produced by said camera shake detecting
means, said yaw and pitch position signals produced by said prism angle position
detecting means, and said yaw and pitch damping signals produced by said damping coil
means, and generating said yaw and pitch angular prism drive signals;

variable angular prism drive coils attached respectively to said yaw and pitch
glass plates for driving said prism by rotationally driving said yaw and pitch glass plates
in response to said yaw and pitch angular prism drive signals, each of said drive coils
being wound on said respective bobbins along with said damping coils; and

image pickup means for focusing and converting said light passing through said

variable angular prism into a video signal,
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wherein each of said damping coils of said velocity feedback loop has associated
therewith a photodiode and a photosensor, and each of said bobbins has an arm extending
therefrom, said arm having a position detecting hole formed therein and positioned
between said photodiode and said photosensor such that light emitted from said
photodiode passes through said hole to said photosensor, and a position of said emitted
light on said photosensor depends on a position of said bobbins, said photosensor

providing an output signal to said camera shake amount detecting means.

14. A camera apparatus according to claim 13, wherein each of said bobbins have spacers
separating said damping coils and said drive coils wound thereon to prevent crosstalk

between said damping coils and said drive coils.

47



)

W'

ON\J

o0

nxnUu ( A) 1oubig 40308 coao_z e

- Buijoslag

10329/
e UOIJOWN
joubig SPIM /219) 491NALIOO0IN| I:or_m_m 403109\ UOIOWN
paonpo.day ~  owog Aibug ¢
- CO:UC&O*E 9PIM /9181

(A) 1043u0)
DaJy buiuuoog

(HA) 1043u0)
Daly buiuupbdg

e
wooz
wuotwﬁs
HN2UID . 'AUO)
Buipioday| D/, E I dSa

9S|Nd 9AlIQ

10SUaG
3
i g AL
q \ \/ mc_ccgm
Da1y

-
uibsop

10SUaS (J2J
(L4V ¥0l4d) [ ) =

gow/ing, &ral /zy 8" -Mnc!erdod




2088205

3L,

OL

10SUaG
9)buy

IDI1}IA

ol
E

Sl

10SUdG
9)buy
001} 49A

AUO)
v
Ll
19ALIQ e
NM d 3

71 €l

"AUO )

13A1Q e
. AMd :

S 7

HN2ID

butljpibaju]

¢l

NI

Buijoibaiug

gow/.{;-;g . &ralég 8" -Acma/emow




FIG. 3

Deflection Angle

4
3
/
~4.5 ?
-3
-4

2088205

4.5
Drive Voltage

gow/ing, .Sjb'aféy & Am!.emgw



FIG. &

eo0

KD

1/5

1/J5+D w

g

go!

Kt

1/R

el

FIG. 5

40dB

PO+

2088205

180

- 40dB

gow/ing, .S)fraféy 8’ ..‘lentlerdon*‘




2088205

F/ Go 6A (z 0.05
- =20 {=0.14

{=1.0 ”2-83

I"O7 {::o

TN A7/ T T
oL N NS A7/ T
NEINIIERYENE: N\ /N
IR NN
IIIIIIIIIIIIIIIII NS

T SN

BN
T S

-50
IIIIII-IIIIIIIIII.I.IIIIIII.I

0.050070.4 0.20.3 050710 2.0 3.0 5070 10

Gam (dB)

= 0.1
;(=o.2 {=0.7
§=obs {= (o 9
o~ Oo i 4 = =
O == =ss:S=SSSSA T I 1 —
8 _o0 EEERI =SS I 1 A O I O
< T R NN T
L a0 lllllll.llll\;\‘“mll-lllllllllll--
o -lllm-‘l“-mmw|-l-|l|-lm|—-
< _ o N YV, 0 AT T O
O Illllll.“mn\w\l-lllllllll-
B _ ol T AN AN 1 O
= A AL A AN A T O S
G IR ‘1 NISCLN 1
-lllll NN
{2 T NEANEN I NA U NN\ 1 S
T NN A ——
140 i SN NNV
] i ‘Ill-!l\\\\&'llllll
- 160°— ’.‘.!p‘ SR ING
T E“-"“"- SO l
-180° _ I S
0.03 0.05 O.1 0.2 0.5 1 2 10 20 30

ng/ing, .S)fraféy 8" .jlenclerdo;‘



FIG. 7

1/5

17J5+D

Kt

1/R

ej

L4 (- ,

-K©

Gowling, Sirathy & Menderson



2088205

b - SEm Sn S oy e

©34a]
08l

l"
~
‘l
-‘lll_
p——— ey Gt ol GE—_
l‘l"llll]l'

g‘ow/%ng, .S)frafﬁy & Aﬂ@!erdod




HNAUID
bunoibayug

J03DBIQ

¢l

HNAULD
Buiynibajug
101161Q

X4

AUO)
a/v

L

6 /4

gngi{r)'ng, .S)b'af/zy &" ~jJenJerdon



CA 02088205 2001-08-30

F1G. 10

41a

6ats
FIG. 17
/70 or 7D
L4 /41b
S -1
/ I 41b

/ 4 55

i




2088205

32
FIG. 13
f 43
AV
ﬁ 56
= f"‘* 2 or 32
{70

gow/fng, .S)fraféy 8" -Jla[encérdod




2088205
FIG. 14

o
N

|o»
O
=
—
n

~L\/

o
N
5
3

|
/

(N
Pad

40

b

gowiing, .S)I‘ral A y 8 #n&réoq



2088205

2§ Pup g7 —-

= woie 97

87wy

9 O/

gowﬁzzg, .S*)b'afﬁy 8" _A[em(z;ragﬁ




2088205

o

S/l

S/ AN-

7N

M\ g+Sr/L 4

oW~

OX -

M

}3J

g1 D/

}a4

AN

GOw/%n?, &raf‘y 8" Mne!érdod



20688205

o

s/t &

O -

S/L- [+ {(5/A)+Q+Sr}-(1r8) /)

ON-

(S/M)+Q+Sr/L-H/ M

S Y-

N

}o.

0¢ 9ld

}ou

6/ D/d

Q&U/z’n 25 .S}raf A Yy 8’ Ana?;raow




F1G.

FIG.

2088205

N
N
-

Phase (DEG)

fo Frequency

23

Phase (DEG)
o

180
(0dB)

N\

fo Frequency

gow/é'ng, &rab&y 8" .A[rma&»rdod"



2088205

HNAID
Buiyoijus
- 494410

gowizz}atg ’ Sttfa { lt i 8 -#emﬂw o




2088205

- BGPUDZS pupfYy -

N

gow/é'ng, &raflty g” Anclerdoﬂ



2088205

6S pungg pungly —

10SUag- 0}0Ud

gow/t'ng, Sfra!lag 8’ ﬂenclérdoﬁ’



2088205

o

S/L M

a+sr/L &

OX-

M
SY -

S1y|—

g/1

N

EY

AARINE

GOwﬂ'ng, Sb'af/ly 8” ﬂenc[erdoﬂ




2088205

Phase

180°

fo Frequency

FIG. 30

’H \

fo Frequency

Gain
Phase

00

g’ow/i'ag, .S)fraféy 8" .jJenJeraog'



1
O 3 4 5 8
. Actuat

Vertical
A/D Angle
Conv. Sensor
9 8
7a Tc
14

Integrotmg P WM

Vertical
Conv. Sensor




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - abstract drawing

