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[57] ABSTRACT

An auto focus circuit for a video camera comprises an
A-D converting circuit (7) for converting to a digital
amount a high frequency component absolute value
output of a luminance signal in a sampling area for
focusing. The A-D converting circuit (7) is connected
so that the high frequency component absolute value
output of a luminance signal is directly converted to a
digital amount. Then, the signal converted to a digital
amount is added in an integrating circuit (12) for each
field and the signal amount in one field and the signal
amount in the coming one field ahead of it or behind it
are compared in a comparing circuit (10) so that the
output of comparison serves for control of focusing.
Thus, addition processing of the high frequency compo-
nent of the luminance signal, that is, averaging process-
ing is performed digitally in the integrating circuit (12).
Accordingly, as compared with the case of analog aver-
aging processing of a signal, the processing operation is
stable and as a result the focusing precision is improved.

10 Claims, 3 Drawing Sheets
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1
AUTO FOCUS CIRCUIT FOR VIDEO CAMERA

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improvement of
an auto focus circuit adopted in a video camera.

Particularly, the present invention relates to an im-
provement of an auto focus circuit of a system in which
an input video signal is evaluated to control the move-
ment of a focusing ring by a closed loop.

2. Description of the Prior Art

In the prior art concerning an auto focus circuit of a
video camera, two methods are known: a method in
which the movement of a focusing ring is controlled by
an open loop and a method in which the movement of
a focusing ring is controlled by a closed loop by evalu-
ating a video signal. The former method has disadvan-
tages in that erroneous operation is liable to occur due
to changes in the environmental conditions such as the
application of an external light and the range of mea-
surement cannot be changed according to the change in
a zoom state. As a result, there is an increasing tendency
to use the latter method recently.

In the latter closed-loop control method, generally, a
high frequency component of a luminance signal corre-
sponding to the central portion of a screen region re-
corded is sampled and an absolute value of the high
frequency component is obtained so that focusing is
controlled according to the magnitude of the absolute
value. A concrete example of such technology is shown
for example on pages 75 to 80 of the journal “Television
Technics & Electronics” issued by Electronics Techni-
cal Publishing Company in February 1983.

FIG. 1 is a block diagram showing an example of
such a well-known auto focus circuit for a video camera
as described above.

Referring to FIG. 1, a luminance signal Y contained
in a video signal obtained by video recording is applied
to a gate circuit 1. The gate circuit 1 selects a luminance
signal Y corresponding to the sampling area in the cen-
ter of the screen region. For this purpose, a gate control
circuit 2 controls an open period of the gate circuit 1
based on the output of a synchronizing separation cir-
cuit 3. The output of the gate circuit 1 is applied to a
high-pass filter 4 for cutting off the signal lower than
100 kHz. The output of the filter 4 attains the maximum
level in a state in which the video camera is focused.
This is because as the outline of an object to be recorded
comes into focus to become clearer, a more marked
change is produced in the rise or the fall of an input
luminance signal Y in the outline portion and the high
frequency component becomes larger. The output of
the high-pass filter 4 is supplied to an absolute value
calculating circuit S and then it is integrated for each
field in an average value calculating circuit 6. The inte-
grated average value output is converted to a digital
signal with a cycle of one field in an analog-to-digital
(A-D) converting circuit 7. The converted output is
written in a first memory circuit 8 and then written in a
second memory circuit 9 after one field. The writing in
the first memory circuit 8 and the second memory cir-
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cuit is controlled by a vertical synchronizing signal V
from the synchronizing separation circuit 3.

The output of the first memory circuit 8 and the
output of the second memory circuit 9 are compared in
a comparing circuit 10 and the output of comparison is
supplied to a focusing motor control circuit 11. The
focusing motor control circuit 11 rotates in an initialized

‘state, a focusing motor (not shown) in a predetermined

direction and the rotation in this direction is maintained
as far as the output of the first memory circuit 8 is larger
than the output of the second memory circuit 9. On the
contrary, if the output of the first memory circuit 8 is
smaller than the output of the second memory circuit 9,
the focusing motor is controlled to route in the opposite
direction. Thus, the focusing motor is controlled so that
the average level of the high frequency component

. contained in the luminance signal is always maximum.

However, if the absolute value output is averaged in
the form of an analog signal not converted, the average
level is considerably changed dependent on the scene to
be recorded. More specifically stated, the average out-
put for recorded a scene where there is a considerable
change of the luminance in the horizontal direction is
ten times as large as the average output for recording a
scene where there is little change of the luminance in
the horizontal direction. As a result, it is difficult to
determine an A-D conversion range for the average
output the value of which increases or decreases consid-
erably. Accordingly, if the A-D conversion range is
adapted for a high average output, the resolution for a
low average output is decreased and the function of
response for control is deteriorated. On the contrary, if
the A-D conversion range is adapted for a low average
level, a saturation of the conversion range with respect
to a high average output becomes a problem.

For this reason, in a conventional circuit, the A-D
conversion range is adapted for a low average value
output and an average value output level exceeding the
A-D conversion range is detected by a saturation level
detecting circuit 12 so that the output of the gate con-
trol circuit 2 is controlled. By this control, scanning
lines in the sampling area are decreased by every other
line, every two lines, every three lines, etc. so that the
average output is not saturated.

Accordingly, if there is a considerable change in the
luminance in the horizontal direction of an object to be
recorded, sampling intervals are made less frequent. In
the case of an object having little correlation in the
vertical direction, erroneous operation might occur in
focusing.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
auto focus circuit for a video camera, capable of focus-
ing with high precision without being influenced by the
environmental conditions for video recording, in other
words, irrespective of the change in the luminance of an
object to be recorded.

The present invention is an auto focus circuit for a
video camera, in which a change in the absolute value
output of a high frequency component of a luminance
signal in the sampling area for focusing is converted
directly to a digital amount and the averaging of the
signal is performed by digital processing.

According to the present invention, the averaging of
the high frequency component of the luminance signal
is digitally performed and as compared with the case of
analog processing for averaging the signal, the opera-
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tion is stable. Consequently, the focusing precision
based on the averaged signal is improved.

In addition, if in processing a digital signal, an address
circuit and a memory circuit by an integrating circuit
comprising an addition circuit and a latch circuit, an
auto focus circuit of a simple structure having a small
storage capacity can be obtained.

These objects 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 an example of a
conventional auto focus circuit for a video camera.

FIG. 2 is a block diagram showing an auto focus
circuit of the first embodiment of the present invention.

FIG. 3 is a block diagram showing an auto focus
circuit of the second embodiment of the present inven-
tion.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 2 is a block diagram of an auto focus circuit of
the first preferred embodiment of the present invention.

Referring to FIG. 2, a luminance signal Y contained
in a video signal obtained by recording is supplied to a
high-pass filter 4. In the high-pass filter 4, a high fre-
quency component higher than 100 kHz is separated
from the luminance signal. Then, separated high fre-
quency component is supplied to an absolute value
calculating circuit 5. In the absolute value calculating
circuit 5, an absolute value of the signal is obtained and
the absolute value output is supplied to an envelope
detecting circuit 13. In the envelope detecting circuit
13, an envelope of the absolute value output is detected.
The detected output is supplied to an analog-to-digital
(A-D) converting circuit 7. The A-D converting circuit
7 converts the received analog envelope detection sig-
nal to a digital signal during a predetermined period.
Now, in the following, this period for conversion will
be described.

A pulse generating circuit 14 generates a pulse signal
of 5 MHz and the pulse signal is supplied to the A-D
converting circuit 7 through a gate circuit 1. The A-D
converting circuit 7 performs digital conversion of the
input signal in synchronism with the applied pulse sig-
nal only in a period in which the pulse signal is applied
thereto from the gate circuit 1.

Control of the opening and closing of the gate circuit
1 is made by a gate control circuit 2. The gate control
circuit 2 controls the gate circuit 1 so that the gate
circuit 1 is opened only in a period corresponding to a
predetermined sampling area in the screen region. More
specifically, the sampling area is defined by a range
from } to § of a dimension of the screen region in the
horizontal direction and a range from } to § of a dimen-
sion of the screen region in the verticai direction and
control is made to open the gate circuit 1 only in the
period corresponding to the above described sampling
area. To the gate control circuit 2, a horizontal synchro-
nizing signal H and a vertical synchronizing signal V
separated from the input luminance signal Y by the
synchronizing separation circuit 3 are supplied as a
control input for determining the sampling area. Also,
the pulse signal from the pulse generating circuit 14
may be applied to the gate control circuit 2 for deter-
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mining the sampling area. (The line for applying the
pulse signal is not shown.)

The digital signal of eight bits for example, converted
by the A-D converting circuit 7 is supplied to a memory
circuit 16. The writing in the memory circuit 16 is con-
trolled by an address signal generating circuit 15 using
the output of the gate circuit 1 as a count input. Thus,
the digital signal from the A-D converting circuit 7 is
written successively in a prescribed area in the memory
circuit 16 according to the output of the address signal
generating circuit 15. After the signal for one field is
written, the output of the memory circuit 16 is applied
to a calculating circuit 17. The calculating circuit 17
adds all the digital signal values in the sampling area in
one field. Then, the output of calculation obtained by
the addition is first stored in a first memory 8 and then
transferred to a second memory 9 in the subsequent
field. More specifically, the writting in the first memory
8 and the second memory 9 is controlled by the vertical
synchronizing signal V provided from the synchroniz-
ing separation circuit 3 so that the writing is performed
for each field. Otherwise, the writing in the first mem-
ory 8 and the second memory 9 is controlled by the
divided vertical synchronizing signal provided from a
frequency divider (not shown) so that the writing is
performed for each predetermined period, for example,
3 field, 2 fields etc.

A comparing circuit 10 receiving both of the output
of the first memory 8 and the output of the second
memory 9 compares the added value in one field and the |
added value in the subsequent field in the sampling area.
Then, the output of the comparison is supplied to a
focusing motor control circuit 11.

The focusing motor control circuit 11 [rotates in an
initialized stateJ causes the focusing motor (not shown)
in an initialized state to rotate in a predetermined direc-
tion. The rotation in the above stated direction is con-
tinued as [far] Jong as the output of the second mem-
ory 9 is smaller than the output of the first memory 8.
On the contrary, if the output of the second memory 9
becomes larger than the output of the first memory 8
and the output level of the comparing circuit 10 is re-
versed, the focusing motor control circuit 11 reverses
the rotating direction of the focusing motor. Thus, by
means of the focusing motor, the focusing ring (not
shown) is always moved to a position in focus.

FIG. 3 is a block diagram of an auto focus circuit of
the second preferred embodiment of the present inven-
tion.

Referring to FIG. 3, a luminance signal Y contained
in a video signal obtained by recording is supplied to a
high-pass filter 4. Through the high-pass filter 4, a high
frequency component higher than 100 kHz is separated
from the luminance signal. Then, the separated high
frequency component is supplied to an absolute value
calculating circuit 5. In the absolute value calculating
circuit 5, an absolute value of the signal is obtained and
the absolute value output is supplied to an envelope

- detecting circuit 13. In the envelope detecting circuit
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13, an envelope of the absolute value output is detected.
Then, the detected output is supplied to an analog-to-
digital (A-D) converting circuit 7. The A-D converting
circuit 7 converts the received analog envelope detec-
tion signal to a digital signal during a predetermined
period.

On the other hand, the luminance signal Y is also
supplied to a synchronizing separation circuit 3. In the
synchronizing separation circuit 3, a horizontal syn-
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chronizing signal H and a vertical synchronizing signal
V are separated from the luminance signal Y. The sepa-
rated horizontal synchronizing signal H and vertical
synchronizing signal V are supplied to a gate control
circuit 2. The gate control circuit 2 controls a gate
circuit 1 so that the gate circuit 1 is opened only in a
period corresponding to a predetermined sampling area
in the screen region. More specifically, the sampling
area is defined by a range from } to § of a dimension of
the screen region in the horizontal direction and a range
from 1 to § of a dimension of the screen region in the
vertical direction and the opening of the gate circuit 1is
controlled so that the signal in the sampling area is
extracted. The sampling area is not limited to the area as
defined above and may be an arbitrary region in the
screen region. Otherwise, the sampling area may be
variable by selecting operation. In addition, to the gate
circuit 1, a pulse signal of 5 MHz is supplied from a
pulse generating circuit 14. In consequence, the pulse
signal of 5 MHz is supplied to the A-D converting cir-
cuit 7 in a period in which the gate circuit 1 is opened by
the gate control circuit 2, and with the timing of the
pulse signal, the analog envelope detecting signal is
converted to a digital signal of eight bits for example.
The pulse signal provided from the gate circuit 1 is
supplied as a latch pulse to a latch circuit 12b in an
integrating circuit 12 to be described later. The pulse
signal from the pulse generating circuit 14 may be ap-
plied to the gate control circuit 2 for determining the
sampling area.

The dlgltal signal thus converted is integrated for
each field in the integrating circuit 12 in the next stage.
More specifically, the integrating circuit 12 comprises
an addition circuit 12a and a latch circuit 12b. The
addition circuit 12a has a closed loop structure in which
the digital signal provided from the A-D converting
circuit 7 and the digital signal provided from the latch
circuit 12b are added and the output of addition is sup-
plied to the latch circuit 12b.

The latch circuit 12b latches the input signal accord-
ing to the latch pulse supplied from the above’ stated
gate circuit 1. The latch circuit 12b is reset by the verti-
cal synchronizing signal V supplied from the synchro-
nizing separation circuit 3. Thus, the latch circuit 12b
integrates the output of the A-D converting circuit 7 by
a field cycle.

[On] A first memory 8 is connected on the output 51de
of the latch circuit 12b, [a first memory 8 is con-
nected] and a second memory 9 is connected to the first
memory 8, a second memory 9 is connected]. Both of
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the memories 8 and 9 are controlled by the vertical -

synchronizing signal V so that writing operation is
performed in the memories 8 and 9. The memories 8 and
9.provide the signals stored at present as [far] long as
new data is not written. These first memory 8 and sec-
ond memory 9 are formed by D-flip-flops for example.

As described previously, the resetting on the latch
circuit 12b and the writting of the first memory 8 and
the second memory 9 are controlled in synchronism
with the vertical synchronizing signal V. Accordingly,
for each field, the content of the latch circuit 12b is
written in the first memory 8 and with a delay of one
field, the content is written in the second memory 9.
Instead of using the vertical synchronizing signal V, a
divided vertical synchronizing signal can be used as a
control signal. In such a case, for each predetermined
period, for example, 4 field or 2 fields etc. the content of
the latch circuit 12b is written in the first memory 8 and,
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with a delay of one predetermined period, the content is
written in the second memory 9. Then, a comparing
circuit 10 receiving the output of the first memory 8 and
the output of the second memory 9 compares by a field
cycle, the digital converted data in one field (this data
being supplied from the second memory 9) and the
digital converted data in the field coming one field
[ahead of] behind the above stated field (this data
being supplied from the first memory 8) and the output
of comparison is supplied to a focusing motor control
circuit 11. The focusing motor control circuit 11 con-
trols the focusing motor in the same manner as in the
first embodiment and the prlor art so that the most
suitable focusing operation is performed.

Thus, in both of the first embodiment and the second
embodiment, processing of the signal after A-D conver-
sion, that is, addition, writing and other processing of
the digital signal are performed with predetermined
timing based on the vertical synchronizing signal V
separated from the luminance signal Y. However, itis to
be noted that such processing of the digital signal can be
performed using software, in other words, a microcom-
puter provided with a program for desired operation.

Although the present invention has been described
and illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

What is claimed is:

1. An autofocus circuit for a video camera including
a focusing motor for focusing, comprising:

[a] high-pass filter [circuit] means to which a
luminance signal of a video signal is applied [so
that] for extracting a high frequency component
higher than a predetermined frequency [is ex-
tracted} from said applied luminance signal,

[an absolute value calculating circuit connected to
said high-pass filter circuit for obtaining an abso-
lute value of the output of said high-pass filter
circuit,]

[an]} A-D converting [circuit] means operatively
connected to said [absolute value calculating cir-
cuit} high-pass filter means for converting an ana-
log [absolute value] output signal [provided]
derived from said [absolute value calculating cir-
cuit to} high-pass filter means into a digital signal,

[a] calculating [circuit] means connected to said
A-D converting [circuit] means for adding the
converted digital signal with a predetermmed per-
iod cycle,

[a] comparing [circuit} means connected to said
calculating [circuit] means for comparing the
output of calculation in one predetermined period
and the output of calculation in [the predeter-
mined period coming one] another predetermined
period [ahead of said predetermined period}, and

[2] focusing motor control [circuit] means con-
nected to said comparing [circuit] means for pro-
viding a signal for controlling the rotation of the
focusing motor included in said video camera in
the clockwise direction or in the counter-clockwise
direction based on the output of said comparing
[circuit] means.

2. An auto focus circuit in accordance with claim 1,

wherein

said one predetermined period comprises one field.
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3. An auto focus circuit in accordance with claim 2,

wherein

said A-D converting [circuit] means converts said
applied analog [absolute value] output signal from
said high-pass filter means to a digital signal for each
field only in a predetermined sampling period and
provides said digital signal as an output.

4. An auto focus circuit in accordance with claim 3,

further comprising:

a synchronizing separation circuit to which said lumi-
nance signal is applied so that a horizontal synchro-
nizing signal and a vertical synchronizing signal are
extracted from said luminance signal, and

a sampling period setting circuit connected between
said synchronizing separation circuit and said A-D
converting [circuit] means for setting a sampling
period for each field of said video signal based on
said horizontal synchronizing signal and said verti-
cal synchronizing signal so that said A-D convert-
ing [circuit] means is enabled only in said sam-
pling period.

5. An auto focus circuit in accordance with claim 4,

wherein

the sampling period set by said sampling period set-
ting circuit can be changed by selecting operation.

6. An auto focus circuit in accordance with claim 1,

further comprising:

an envelope detecting [circuit] means connected
between said [absolute value calculating circuit}
high-pass filter means and said A-D converting
Ecircuit] means for detecting and providing as an
output an envelope of the output signal of said
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[absolute valve calculating circuit] Aigh-pass filter
means.
7. An auto focus circuit in accordance with claim 2,
wherein
said calculating [circuit] means comprises:
a latch circuit operating with a cycle of one field for
latching an input signal for one field, and
an addition circuit for adding the output from said
A-D converting [circuit] means and the output
from said latch circuit so that the signal obtained
by said addition is applied to said latch circuit.
8. An auto focus circuit in accordance with claim 2,
wherein
said comparing [circuit] means comprises:
a first memory for writing the output of said calculat-
ing [circuit] means for each field,
a second memory for writing the content written by
said first memory with a delay of one field, and
a comparator for comparing the content of said first
memory and the content of said second memory so
that a high level output or a D-level output is pro-
vided according to the magnitude relation of said
contents.
9. An auto focus circuit in accordance with claim 8,
wherein
said first memory and said second memory are both
D-flip-flops.
10. An auto focus circuit in accordance with claim 1,
wherein
said another predetermined period comes before said one

predetermined period.
* * * * *



