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1

AUTOFOCUS VIDEO CAMERA THAT CAN
COMPENSATE FOR VARIATION IN THE
AMOUNT OF LOAD ON A MOBILE UNIT OF
A LINEAR MOTOR IN A FOCUS
OPERATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a video camera including
an automatic focus adjustment function, and more
particularly, to an autofocus video camera that can compen-
sate for influence of variation in the amount of load exerted
on a mobile unit of a linear motor during automatic focus
adjustment.

2. Description of the Background Art

In a conventional autofocus adjustment device employed
in an image sensing apparatus such as a video camera, a
method is adapted of using a video signal per se obtained
from an image sensing device for evaluation of the focus
control state. This system has various advantages such as the
absence of parallax and achieving accurate focusing even in
the case where the depth of field is small or the object of
interest is located far away. This system is also advantageous
from the stand point of structure since it is not necessary to
additionally provide a particular sensor for autofocusing.

One example of the focus control method using a video
signal is the conventional control system referred to as the
hill-climbing servo system. An autofocus apparatus employ-
ing this hill-climbing servo system is disclosed in Japanese
Patent Laying-Open No. 63-215268 (H04 N5/232), for
example. In the hill-climbing servo system, an integral value
of one screen of the high frequency component of the
obtained video signal, i.e. an integral value of one field
period, is detected as a focus evaluation value for each field.
This focus evaluation value is constantly compared with that
of a preceding field. The position of the focus lens is
constantly fine-adjusted so that the focus evaluation value
takes the maximum value. By this control operation, the
in-focus position of the focus lens is detected and main-
tained.

In the above conventional technique, the means for alter-
ing the relative position of lens with respect to the image
sensing device in the direction of the optical axis includes a
motor such as a stepping motor or a DC motor, and a driving
force transmission mechanism that converts the torque
obtained by the drive of the motor into a driving force for
linearly moving the lens or the image sensing device.
Disadvantageously, it is difficult to reduce the size and
weight of the mechanism as well as the power consumption.

In view of the foregoing, a mechanism is employed for
altering the position of the lens or the image sensing device
by means of a linear motor. This mechanism allows reduc-
tion in the size and weight of the driving mechanism and
power consumption. FIG. 15 is a block diagram schemati-
cally showing the structure of an autofocus video camera
employed a linear motor as the driving means.

The focus adjustment device of a video camera is con-
structed so as to carry out focus adjustment by moving the
optical lens or the image sensing device in the direction of
the optical axis by a voice coil motor. Referring to FIG. 15,
an optical lens 1 is fixed and an image sensing device
(referred to as CCD hereinafter) 2 is moved along the
direction of the optical axis. In the following description,
CCD 2 and the member that is displaced integrally with
CCD 2 are called the “mobile unit”.
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Focus adjustment operation will now be described in
detail. An image formed by lens 1 is photoelectric-converted
by CCD 2. This image sensed output is converted into a
video signal by an image sensing circuit 3 and then amplified
to a predetermined level by an amplifier circuit 4. The
amplified signal is supplied to the recording system of the
video tape recorder (VIR) as well as to a focus evaluation
value generation circuit 5.

Focus evaluation value generation circuit § includes a
high pass filter (HPF) 5a that extracts the high frequency
component of a video signal as shown in FIG. 16, an A/D
converter 5b for converting the output of HPF Sa into a
digital value, a gate circuit Sc that transmits only the values
within a focus area located at the center of an image in the
A/D converted output, and a digital integrator 5d for
digitally-integrating an output of gate circuit Sc over one
field period. The output of focus evaluation value generation
circuit 5 becomes the digital integral value over one field
period of the high frequency component of a video signal.
This integral value is provided, as shown in FIG. 15, to a
calculation unit 6 of the succeeding stage and to a memory
50 as a focus evaluation value.

Calculation unit 6 emits a driving signal VD of a voltage
level of m to displace CCD 2 in one direction of the optical
axis, and compares the latest focus evaluation value from
focus evaluation value generation circuit 5 with the focus
evaluation value of the previous field stored in memory 50
to determine the in-focus state of the image sensed screen as
set forth in the following. When the latest focus evaluation
value is greater than that for the previous field, determina-
tion is made that the in-focus position is in the current
direction of travel. Therefore, calculation unit 6 continues
the output of driving signal VD of the voltage level of m.
Conversely, when the focus evaluation value of the preced-
ing field is greater than that for the latest focus evaluating
value, a determination is made that the mobile unit is
moving in a direction farther away from the in-focus posi-
tion. Therefore, calculation unit 6 alters the voltage level of
driving signal VD to m from n. In response, the direction of
travel of CCD 2 is reversed, so that CCD 2 is moves towards
the in-focus position where the focus evaluation value is
greatest.

When CCD 2 moves toward the direction of increasing
the focus evaluation value and passes the in-focus position
where the focus evaluation value is maximum to result in a
lower focus evaluation value, calculation unit 6 generates
driving signal VD of a level that reverses the direction of
travel of CCD 2 such that it will return to the position where
the maximum value is obtained.

Memory 50 stores the focus evaluation value of a field
immediately preceding the latest field. When the comparison
operation by calculation unit 6 is completed, the stored
contents in memory 50 is updated by the latest focus
evaluation value obtained from focus evaluation value gen-
eration circuit 5.

FIG. 17 and FIG. 18 (sectional view taken along line C—C'
of FIG. 17) are partial sectional views indicating the struc-
ture of the autofocus adjustment device including CCD 2
and lens 81 and 82 taken in a direction parallel to and
vertical to the optical axis, respectively.

Voice coil motor 53 is one type of a linear motor. The
structure thereof is basically identical to that of a loud-
speaker. Referring to FIG. 17, a center yoke 23 having a
cross section of a rough C-shape is fixed to a fixed yolk unit
90a of a fixed base 90 of the camera unit of the video
camera. As shown in FIG. 18, each of the four center yokes






























