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AUTOMATIC FOCUSING APPARATUS FOR
AUTOMATICALLY MATCHING FOCUS IN
RESPONSE TO VIDEO SIGNAL BASED ON
EXTRACTED HIGH FREQUENCY COMPONENT
OF NON-LINEAR PROCESSED LUMINANCE
SIGNAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to automatic
focusing apparatuses, and more specifically, to an auto-
matic focusing apparatus for automatically matching
the focus 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 function.

2. Description of the Background Art

Conventionally, in an automatic focusing apparatus
for use in an image sensing apparatus such as a video
camera, an approach utilizing a video signal obtained
from an image sensor itself for evaluation of the state of
focus control has been developed. Such an approach is
essentially free from parallax and possesses excellent
characteristics such as, for example, the focus can ex-
actly be matched even if the depth of field is small and
an object is located in the distance. Furthermore, ac-
cording to this approach, a special sensor for automatic
focusing does not need to be separately provided, and
therefore the apparatus is of a very simple.

As one example of such a focus control method utiliz-
ing a video signal, a so-called hill climbing servo system
has been conventionally known. An automatic focusing
apparatus utilizing the hill-climbing servo system is
disclosed, for example, in U.S. Pat. Nos. 4,922,346 and
5,003,339, and briefly stated, a high frequency compo-
nent of a video signal obtained from an image sensor is
detected for every 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 continues to be
slightly vibrated so that the focus evaluating value al-
ways takes the maximum value.

The level of a video signal obtained from the image
sensor is generally set below 50% of the dynamic range
of the image sensor, so that the video signal level is not
saturated in the high luminance portion of an object.

For example, in the case of video cameras for con-
sumer use, generally, a CCD output signal level is so set
that a video (luminance) signal having a level of 100IRE
is obtained when light enters with a luminance corre-
sponding to } of the dynamic range of the CCD, i.e. the
image sensor (about 1/6 for image sensing apparatuses
for business use).

More specifically, when an output of the CCD is
subjected to a 10-bit A/D conversion, the range (dy-
namic range) which the digital output of the CCD can
take is from 0 to 1023, and the value taken by a digital
video signal having a Juminance level of 100IRE in this
case is about 340. The average value of the luminance
levels of a video signal in an image sensing stage is in the
range of approximately 60-70IRE, and therefore the
value taken by the digital video signal in this case is in
the range of approximately 200-250.

As described above, since the level of an a video
(luminance) signal is set low in a conventional image
sensing apparatus, a high frequency component level
extracted for an automatic focusing operation is also
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2
low, thereby lowering the accuracy of a focusing opera-
tion.

More specifically stated, especially when an object
with a low luminance is being sensed, the contrast of the
object is generally small, and therefore 2 high frequency
component level extracted for a hill-climbing control is
also low. Accordingly, a detected focus evaluation
value is decreased, thereby lowering the accuracy of
detection for the maximum value. This makes it difficult
to find the in-focus position with a high accuracy, re-
sulting in an erroneous autofocusing operation.

Meanwhile, even when a usual object having a rela-
tively high luminance is sensed, as described above, the
range of a digitized luminance signal only corresponds
to about } of the entire dynamic range of the CCD, a
high frequency component level extracted for a hill-
climbing control does not take a sufficiently large value.
Therefore, even when an object with usual brightness is
sensed, the accuracy of the focusing operation is not
necessarily high, and an erroneous operation can be
caused in an automatic focusing operation.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an auto-
matic focusing apparatus which allows an automatic
focusing operation to always occur with a high accu-
racy irrespective of the luminance of a sensed object.

In brief, the present invention is directed to an auto-
matic focusing apparatus which performs an automatic
matching of the focus to an object in response to a video
signal obtained from an image sensing device having a
focus lens and an image sensor, and the apparatus in-
cludes a relative position changing device for changing
the relative position of the focus lens to the image sen-
sor in the direction of optical axis, a non-linear process-
ing circuit for independently subjecting the video signal
obtained from the image sensing device to a non-linear
processing, a high-pass filter for extracting a high fre-
quency component of the video signal subjected to the
non-linear processing by the non-linear processing cir-
cuit, a focus evaluation value detecting circuit for de-
tecting the level of the extracted high frequency com-
ponent, converting the detected level to a focus evaluat-
ing value which takes the maximum value at the in-
focus position for every fixed period and sequentially
supplying the focus evaluating value, and a control
circuit for controlling the relative position changing
device to move the relative position of the focus lens to
a position at which the focus evaluating value is maxi-
mized.

In an automatic focusing apparatus in accordance
with the invention, since a video signal is independently
subjected to a non-linear processing for an automatic
focusing operation, an automatic focusing operation can
always be performed with a high accuracy irrespective
of luminance of an object and without affecting a usual
signal processing for the video signal.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically showing a
video camera equipped with an automatic focusing
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apparatus in accordance with an embodiment of the
invention;

FIGS. 2(Aa)-2(e) are representation showing various
examples of the input-output characteristic of a non-lin-
ear circuit shown in FIG. 1;

FIG. 3 is a block diagram showing one example of the
non-linear circuit shown in FIG. 1;

FIG. 4 is a block diagram showing another example
of the non-linear circuit shown in FIG. 1; and

FIG. § is a block diagram showing one example of a
integrating circuit shown in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a block diagram schematically showing a
video camera equipped with an automatic focusing
apparatus in accordance with one embodiment of the
invention. In FIG. 1, the video camera includes a focus
lens 1, a focus ring 16 for advancing/withdrawing lens
1, a focus motor 15 for driving focus ring 16, and an
image sensor 2 such as a CCD. Advancing/withdraw-
ing of focus lens 1 may be performed using a piezoelec-
tric element instead of focus motor 15, and image sensor
2 itself may be advanced/withdrawn instead of focus
lens 1.

An image formed by focus lens 1 on the image sensing
plane of image sensor 2 is subject to a photoelectric
conversion by image sensor 2, and applied to a pre-
processing circuit 3 as a video signal. Pre-processing
circuit 3 subjects the applied video signal to a pre-
scribed processing such as reduction of noise, gain ad-
justment and supplies the resultant signal to an A/D
converter 4.

The video signal digitized by A/D converter 4 is
separated into a chrominance signal C and a luminance
signal Y by a Y/C separating circuit 5, and further
supplied to a gamma circuit 6. Gamma circuit 6 subjects
the applied signal to a prescribed processing such as
_gamma correction and supplies the resultant signal to an
encoder 7. Encoder 7 converts the supplied chromi-
nance signal C and luminance signal Y into video signals
in accordance with a prescribed television system, and
then supplies the resultant signals to D/A converters 8.
The chrominance signal C and luminance signal Y con-
verted into analog signals by D/A converters 8 are
supplied as analog image sensed video signals, and re-
corded on a magnetic recording medium (not shown) or
externally output.

Meanwhile, the luminance signal Y output from Y/C
separating circuit 5 is applied to a non-linear circuit 9 as
well. The structure and operation of non-linear circuit 9
will later be described in detail. The luminance signal Y
subjected to a non-linear processing by non-linear cir-
cuit 9 is supplied to a high-pass filter (HPF) 10, and the
high-pass filter 10 extracts a high frequency component
of the luminance signal Y.

Having a positive value and a negative value, the
output of HPF 10 is supplied to an absolute value pro-
ducing circuit 11 so that its absolute value is produced.
For example, assuming that the output of HPF 10 is
expressed by the complement of 2, if the most signifi-
cant bit (sign bit) of the output of HPF 10 is 0, in other
words input data applied to absolute value producing
circuit 11 is a positive number, absolute value producing
circuit 11 outputs the input data as it is, and if the most
significant bit is 1, in other words the input data is a
negative number, absolute value producing circuit 11
inverts the bits of the input data and adds 1 to the in-
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4

verted value for output. At that time, if an error is toler-
ated, the addition of 1 may be omitted.

The output of absolute value producing circuit 11 is
provided to an integrating circuit 12a, then integrating
circuit 12q integrates for every field period the portion
corresponding to a specified region on a picture plane
among the high frequency component whose absolute
value is produced as described above and outputs the
result of integration S1. The integration result S1 is
applied to an in-focus detecting circuit 13 as a focus
evaluating value. Integrating circuit 122 will later be
described in detail. :

In-focus detecting circuit 13 is for the above-stated
hill-climbing control, and generates a control signal in
response to the focus evaluating value S1 output from
both integrating circuit 12¢ and the position of rotation
of focus motor 15, detected by a motor position detect-
ing circuit 17, and supplies the generated control signal
to a focus motor driving circuit 14. Thus, the rotation of
focus motor 15 is so controlled that the relative position
of focus lens 1 is moved to the position at which the
focus evaluating value S1 is maximized. Such hill-climb-
ing servo control is well known as described above, and
therefore further detailed description is omitted.

The luminance signal Y output from Y/C separating
circuit 5 is directly supplied to the other imtegrating
circuit 12b. Integrating circuit 125 integrates the por-
tion corresponding to the above-stated specified region
of the applied luminance signal Y for every field period,
and outputs the result of integration S2. The integration
result S2 is applied to in-focus detecting circuit 13 as a
brightness evaluation value. In-focus detecting circuit
13 applies a control signal to non-linear circuit 9 in
response to the brightness evaluation value, in other
words in response to the brightness of the object in the
specified region on the picture plane, thereby changing
the input-output characteristic of non-linear circuit 9.

FIGS. 2(a)-(e) are graphic representations showing
various examples of a manner of change in the input-
output characteristic of non-linear circuit 9. Referring
to FIGS. 2(a)-(¢), when a very bright object (of a high
luminance) is sensed, the input-output characteristic of
non-linear circuit 9 is switched to an input-output char-
acteristic as illustrated in FIG. 2(g), in response to a
control signal from in-focus detecting circuit 13. More
specifically, as to an object with a high luminance, since
the level of luminance signal Y is considered to be pres-
ent up to a very high level, in such a case, the input-out-
put characteristic with no output saturation as illus-
trated at FIG. 2(e) is employed in order to avoid the
saturation of the luminance signal level.

Meanwhile, when an image of an object with usual
brightness is sensed, the input-output characteristic of
non-linear circuit 9 is switched to an input-output char-
acteristic as illustrated in FIGS. 2(b) or 2(d), in response
to a control signal from in-focus detecting circuit 13.
More specifically, in this case, the level of the lumi-
nance signal Y is within the range about 4 the dynamic
range of image sensor 2 (see FIG.1), and therefore the
input-output characteristic at FIG. 2(b) or FIG. 2(d) is
employed so that the output level of non-linear circuit 9
as a whole is increased by increasing the gain of non-lin-
ear circuit 9 when the luminance level is low and by
reducing the gain when the luminance level is high.

Furthermore, when an image of a dark object (with a
low luminance) is sensed, the input-output characteris-
tic of non-linear circuit 9 is switched to an input-output
characteristic as illustrated in FIGS. 2(c) or 2(e), in









