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[57] ABSTRACT

An automatic focusing apparatus of a video camera
automatically matches a focus in response to a video
signal obtained from an image sensing circuit. The auto-
matic focusing apparatus detects the level of a high
frequency component of the video signal in order to
supply a focus evaluating value which takes a maximum
value in an in-focus position. A focusing motor control-
ling circuit performs an automatic focusing operation
by a hill-climbing servo system based on the supplied
focus evaluating value. A determination is made by
employing a fuzzy inference with respect to the initial-
ization of the direction of movement of a lens when the
automatic focusing operation starts, the selection of a

[51] Int, CL5 reeeerevenernenes HO04N 5/232 focusing area from a plurality of areas, and the reactiva-
[52] US. Cl oot 348/354; 348/352;  tion of the automatic focusing operation due to a change
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AUTOMATIC FOCUSING APPARATUS FOR
AUTOMATICALLY MATCHING FOCUS IN
RESPONSE TO VIDEO SIGNAL

This application is a continuation of my co-pending
patent application Ser. No. 07/928,533 filed on Aug. 13,
1992 which is a file wrapper continuation application of
Ser. No. 07/660,357 filed on Feb. 22, 1991, now aban-
doned, and assigned to the present assignee hereof.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an auto-
matic focusing apparatus and, more particularly, to an
improvement of an automatic focusing apparatus for
auntomatically matching the focus relative to an object
in response to a video signal obtained from an image
sensor, in an image sensing apparatus such as a video
camera having an automatic focusing mechanism.

2. Description of the Background Art

In an automatic focusing apparatus used in an image
sensing apparatus such as a video camera, an approach
utilizing a video signal itself obtained from an image
sensor for evaluating a focus-controlled state has con-
ventionally been developed. In such an approach, sub-
stantially no parallax exists. In addition, the approach
has a number of good characteristics in which even if
the depth of field is small and even if an object is located
in the distance, the focus can be exactly matched. Fur-
ther, in this approach, there is no need to separately
provide a specific sensor for automatic focusing, and
hence the apparatus is very simple in mechanism.

As one example of such a focus control method em-
ploying a video signal, a control method, a so-called
hill-climbing servo system has conventionally been
known. The hill-climbing servo system is described in,
U.S. Pat. Nos. 4,638,364 and 4,614,975 and Japanese
Patent Laying-Open Nos. 58-58505, 60-103776 and
63-215268. Briefly stated, a high frequency component
of a video signal obtained from an image sensor is de-
tected every one field as a focus evaluating value, the
detected focus evaluating value is always compared
with a focus evaluating value detected one field before,
and the position of a focusing lens keeps changing so
that the focus evaluating valie always assumes its maxi-
mum value.

FIG. 1 is a schematic block diagram showing a con-
ventional automatic focusing apparatus adopting the
hill-climbing servo system; and FIG. 2 is a block dia-
gram showing the detail of a focus evaluating value
generating circuit of FIG. 1.

Referring to FIG. 1, a video camera includes a focus-
ing ring 2 for moving a focusing lens 1 forward and
backward, a focusing motor 3 which is a stepping motor
for driving focusing ring 2, and an image sensing circuit
4 including an image sensor (not shown) such as a CCD
(Charge Coupled Device). Focusing lens 1 may be
moved by employing a piezoelectric element in place of
a motor. addition, the image sensor (not shown) itself
such as the CCD may be moved in place of the focusing
lens.

An image formed on a surface of the image sensor by
focusing lens 1 is converted into a video signal by image
sensing circuit 4 and then supplied as an input to a focus
evaluating value generating circuit 5.

Referring to FIG. 2 showing the detail of focus evalu-
ating value generating circuit 5, a luminance signal
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component in a video signal output from image sensing
circuit 4 is applied to a synchronizing separator circuit
5a and a high-pass filter 5c. A high frequency compo-
nent of the video signal (luminance signal component)
separated by high-pass filter 5c is amplitude-detected by
a detector circuit 5d, and a detected output thereof is
applied to an A/D converter circuit Se. This A/D con-
verter circuit 5e converts the applied detected output
into a digital value, to apply the digital value to a gate
circuit 5f

Synchronizing separator circuit 5z separates a verti-
cal synchronizing signal VD and a horizontal synchro-
nizing signal HD from an applied luminance signal and
applies the separated signals to a gate control circuit 5b.
Gate control circuit 5b sets a rectangular focusing area
in the center of a picture in response to the applied
vertical synchronizing signal VD and horizontal syn-
chronizing signal HD and to a fixed output of an oscilla-
tor (not shown). Then, gate control circuit 5b applies a
signal for opening/closing a gate for each field to gate
circuit 5fso as to allow passage of an A/D conversion
value of a high frequency component only within this
focusing area. This gate circuit 5/ may be provided
anywhere at a preceding stage of an integrating circuit
5g which will be described later.

Only the A/D conversion value of the high fre-
quency component corresponding to the focusing area
is applied to integrating circuit 5¢ for each field by this
gate circuit §f. Integrating circuit Sg integrates the ap-
plied A/D conversion value for each field, to supply the
integrated value as a focus evaluating value of the pres-
ent field.

FIG. 3 is a graph illustrating the relationship between
a focusing lens position and a focus evaluating value in
an automatic focusing operation of the hill-climbing
servo system by the automatic focusing apparatus
shown in FIG. 1.

A description will now be given of an automatic
focusing operation immediately after an automatic fo-
cusing control starts, with reference to FIGS. 1-3. Im-
mediately after the start of the automatic focusing oper-
ation, a focus evaluating value corresponding to the first
one field output from focus evaluvating value generating
circuit 5 is first applied to a maximum value memory 6
and an initial value memory 7 and then held therein.
Thereafter, a focusing motor control circuit 10 rotates
focusing motor 3 which is a stepping motor in a prede-
termined direction, to displace lens 1 along the direction
of an optical axis. A comparator 9 then makes a compar-
ison between an initial focus evaluating value held in
initial value memory 7 and the present focus evaluating
value output from focus evaluating value generating
circuit 5, to generate a comparison signal. Focusing
motor control circuit 10 responds to the generated com-
parison signal to initialize a direction in which focusing
motor 3 rotates.

That is, focusing motor control circuit 10 keeps rotat-
ing focusing motor 3 in the above-described predeter-
mined direction until comparator 9 generates a compar-
ison output indicating “large” or “small”. If comparator
9 outputs a comparison output indicating that the pres-
ent focus evaluating value is higher than the initial focus
evaluating value held in initial value memory 7, then
focusing motor control circuit 10 maintains the above-
described predetermined rotating direction. Con-
versely, if a comparison output indicating that the pres-
ent focus evaluating value is lower than the initial focus
evaluating value is obtained, then focusing motor con-










































