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[57] ABSTRACT

An automatic focusing apparatus includes a focus lens,
an image sensing circuit, a circuit for generating a focus
evaluating value in response to a video signal from
image sensing circuit, a hill-climbing control circuit, a
focus motor for moving focus lens in response to a
control signal from hill-climbing control circuit, and a
circuit for detecting the position of focus motor. The
focus evaluating value generating circuit includes an
A/D converter, a digital HPF, a digital integrator for
integrating the level of the high frequency component
in a digital luminance signal in response to a control
signal from an integration period setting circuit and
sequentially supplies the resultant value as a focus eval-
uating value to the hill-climbing control circuit for
every field, and a timer circuit for producing a reset
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AUTOMATIC FOCUSING APPARATUS
INCLUDING IMPROVED DIGITAL HIGH-PASS
FILTER

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

15

from an image sensor itself for evaluation for the state of 20

focus control has been developed. Such an approach is
essentially free from parallax and possesses excellent
characteristics that, for example, the focus can exactly
be matched even if the depth of field is small and an
object is located at a distance. Furthermore, according
to this approach, a special sensor for automatic focusing
does not have to be separately provided and therefore
the apparatus is of a very simple mechanism.

As an 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 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 a focus
lens continues to be slightly vibrated so that the focus
evaluating value always takes a maximum value.

In recent years, as digitization of signal processing
circuitry, for example, in digital video tape recorders
has developed, there are demands for digital automatic
focusing circuitry.

For example, replacement of an analog high-pass
filter (hereinafter referred to as HPF) in an automatic
focusing circuit with a digital HPF is demanded. An
infinite impulse response (IIR) filter would be suited for
the digital HPF in such a case for its characteristic and
in view of its circuit scale.

As illustrated in a timing chart in FIG. 10, for exam-
ple, a video signal originally does not have a high fre-
quency component when the picture plane is entirely
white. Therefore, a digital HPF will output nothing in
response to such a video signal.

However, the horizontal period (field period) of the
video signal includes a horizontal blanking period for a
horizontal retrace line, and the video signal has rising
and falling edges before and after the horizontal blank-
ing period. Accordingly, high frequency components
for these edges are output from the digital HPF. Such a
phenomenon is called ringing.

Especially when the digital HPF includes an IIR
filter, an output signal from the HPF attenuates while
ringing, but if the time constant of the HPF is large,
integration is initiated before an output signal from the
HPF is sufficiently attenuated. Thus, part of ringing is
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mixed into the focus evaluating value as a pseudo signal
and adversely affects the focusing operation.

Meanwhile, when a signal processing circuit is digi-
tized, power consumption is reduced. In that regard, a
clock signal is supplied for operating the signal process-
ing circuit only when it is necessary, and stopping the
clock signal otherwise may be usually employed.

Therefore, an output signal from the HPF is not nec-
essary other than in the period for integration in the
automatic focusing circuit, and therefore as illustrated
in FIG. 11, it is considered to provide a period for stop-
ping the clock signal.

During the period in which the clock signal is
stopped, the value of a delay register in the digital HPF
does not change, and the delay register maintains the
video signal level at a level that occurred immediately
before the onset of the period during which the clock
stopped period. Accordingly, if there is a difference
between the level of a video signal immediately before
the clock stopped period and the level of the video
signal immediately after the clock stopped period, an
edge V is substantially present at the end of the clock
stopped period.

Under such a situation, a high frequency component
due to edge V is output from the HPF similarly to the
above-described case. If integration is initiated before
the output signal from the HPF is sufficiently attenu-
ated, part of the ringing is mixed into the focus evaluat-
ing value as a pseudo signal, similar to the above case,
adversely affects the focusing operation.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an auto-
matic focusing apparatus capable of accurate automatic
focusing operation.

Another object of the invention is to provide an auto-
matic focusing apparatus with reduced power consump-
tion.

Yet another object of the invention is to provide an
automatic focusing apparatus which prevents part of
ringing due to an edge, such as in a horizontal blanking
period included in a video signal, from mixing into a
focus evaluating value as a pseudo signal.

According to one aspect of the invention, an auto-
matic focusing apparatus for automatically matching
the focus to an object, briefly stated, includes a focus
lens, an image sensing circuit, a digital high-pass filter,
an integrating circuit, a control circuit, and a resetting
circuit.

The image sensing circuit produces a video signal in
response to incident light through the focus lens from
the object. The digital high-pass filter extracts a high
frequency component in the video signal produced by
the image sensing circuit.

The integrating circuit integrates the level of the high
frequency component extracted by the digital high-pass
filter during a prescribed integration period exclusive of
a horizontal blanking period, and sequentially supplies
the resultant value for every field as a focus evaluating
value which takes a maximum value at the in-focus
position.

The control circuit controls the position of the focus
lens relative to the image sensing circuit in the direction
of optical axis in response to the focus evaluating value
supplied from the integrating circuit.

The resetting circuit resets the digital high-pass filter
during the period from the end of a horizontal blanking
period to initiation of an integration period. :
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According to another aspect of the invention, an
automatic focusing apparatus for automatically match-
ing the focus to an object, briefly stated, includes a
focus lens, an image sensing circuit, a digital high-pass
filter, a stopping circuit, an integrating circuit, a control
circuit, and a resetting circuit.

The stopping circuit stops operation of the digital
high-pass filter during a prescribed stopping period
including a horizontal blanking period.

The integrating circuit integrates the level of a high
frequency component extracted by the digital high-pass
filter during a prescribed integrating period exclusive of
the stopping period, and sequentially supplies the resul-
tant value for every field as a focus evaluating value
which takes a maximum value at the in-focus position.

The resetting circuit resets the digital high-pass filter
during the period from the end of a stopping period to
an initiation of an integration period.

In the automatic focusing apparatus according to the
invention, since the digital high-pass filter is reset dur-
ing the period from the end of a horizontal blanking
period to initiation of an integration period, part of the
ringing due to an edge created during the horizontal
blanking period can be prevented from mixing into the
focus evaluating value as a pseudo signal, and therefore
automatic focusing operation can be accurately per-
formed.

In the antomatic focusing apparatus according to the
invention, since the operation of the digital high-pass
filter is stopped during a prescribed stop period includ-
ing a horizontal blanking period, power consumption
can be reduced. Furthermore, since the digital high-pass
filter is reset during the period from the end of a stop-
ping period to initiation of an integration period, part of
the ringing due to an edge in the stopping period can be
prevented from mixing into the focus evaluating value
as a pseudo signal, and accurate automatic focusing
operation can be performed.

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 showing the entire struc-
ture of a digital high-pass filter in an automatic focusing
apparatus according to a first embodiment of the inven-
tion;

FIG. 2 is a block diagram showing the entire struc-
ture of an automatic focusing apparatus including the
digital high-pass filter shown in FIG. 1;

FIG. 3 is a block diagram showing the entire struc-
ture of a digital integrator shown in FIG. 2;

FIG. 4 is a graph showing an operation by a hill-
climbing control of the automatic focusing apparatus
shown in FIG. 2;

FIG. § is a timing chart for use in illustration of essen-
tial operation of the automatic focusing apparatus
shown in FIG. 2;

FIG. 6 is a block diagram showing the entire struc-
ture of an automatic focusing apparatus according to a
second embodiment of the invention;

FIG. 7 is a timing chart for use in illustration of essen-
tial operation of the automatic focusing apparatus
shown in FIG. 6;

FIG. 8 is a block diagram showing the entire struc-
ture of a digital high-pass filter in an automatic focusing
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apparatus according to a third embodiment of the in-
vention;

FIG. 9 is a block diagram showing the entire struc-
ture of a digital high-pass filter in an automatic focusing
apparatus according to a fourth embodiment of the
invention;

FIG. 10 is a timing chart for use in illustration of
operation of an automatic focusing apparatus as a back-
ground art of the present invention; and

FIG. 11 is a timing chart for use in illustration of
operation of an automatic focusing apparatus as a back-
ground art of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, embodiments of the invention will be described
in detail in conjunction with the accompanying draw-
ings. Note that portions designated with the same refer-
ence characters indicate the same or corresponding
portions.

Embodiment 1

FIG. 2 is a block diagram showing the entire struc-
ture of an automatic focusing apparatus according to a
first embodiment of the invention.

Referring to FIG. 2, the automatic focusing appara-
tus includes a focus lens 1, and an image sensing circuit
2 including an image sensor such as CCD (Charge Cou-
pled Device). Light from an object comes into the
image sensor in image sensing circuit 2 through focus
lens 1. Image sensing circuit 2 produces a video signal in
response to the incident light.

The automatic focusing apparatus further includes a
focus evaluating value generation circuit 3. Focus eval-
uating value generation circuit 3 includes an analog-
digital converter 4, a digital high-pass filter (HPF) 5, a
digital integrator 6, a synchronizing separation circuit 7,
an integration period setting circuit 8, and a timer cir-
cuit 9.

Focus evaluating value generation circuit 3 sequen-
tially generates for every field a focus evaluating value,
which takes a maximum value at the in-focus position,
in response to a luminance signal in the video signal
supplied from image sensing circuit 2.

A/D converter 4 in focus evaluating value generation
circuit 3 converts the analog luminance signal supplied
from image sensing circuit 2 into a digital signal. Digital
HPF 5 extracts only a high frequency component (over
600 KHz) from the digital luminance signal supplied
from A/D converter 4 in response to a clock signal CL.

Meanwhile, synchronizing separation circuit 7 sepa-
rates the lnminance signal supplied from image sensing
circuit 2 into a vertical synchronizing signal VS and a
horizontal synchronizing signal HS.

Integration period setting circuit 8 sets a prescribed
integration period-exclusive of a horizontal blanking
period in response to vertical and horizontal synchro-
nizing signals VS and HS supplied from synchronizing
separation circuit 7. Herein, the integration period is set
to a period corresponding to a rectangular focus area set
in the center of the image sensed picture plane so that
only the high frequency component of the luminance
signal in the focus area is extracted.

Digital integrator 6 integrates the level of high fre-
quency component YH extracted by digital HPF 5
during the above-described integration period, in re-
sponse to a control signal supplied from integration
period setting circuit 8, and sequentially supplies the















