
BRIGHTNESS SIGNAL/COLOR SIGNAL SEPARATING FILTER The present invention
relates to a brightness sig- nal/color signal separating filter for
separating a bright- ness signal and a color signal from a composite TV
signal of, for example, an NTSC or other standard system. Fig. 12 is a
block diagram of a conventional brightness signal/color signal separating
filter of an NTSC system. The operation of the conventional filter will be
explained with reference to Fig. 12. A composite color TV signal 5101 of an
NTSC system input from an input terminal 5001 is converted into a digital
signal 5201 by an A/D converter 5002 and supplied to a vertical filter 5006
for filtering signals in the vertical scanning direction (hereinunder
referred to merely as "vertical direction") and a first. 1-line delay
circuit 5003. The output 5202 of the first 1-line delay circuit 5003 is
input to a second 1-line delay circuit 5004, a delay compensating circuit
5005 and the vertical filter 5006. The output 5203 further delayed by one
line by the second 1-line delay circuit 5004 is input to the vertical
filter 5006.    The vertical filter 5006 is generally composed of a filter
which is called a 2-line comb filter, and the output of the vertical filter
5006 is input to a band-pass filter 5007. The output 5205 of the band-pass
filter 5007 is led out of an output terminal 5008 as a color signal and
input to 



one input terminal of a subtracter 5009. The output 5206 of the delay
compensating circuit 5005 is input to the other input terminal of the
subtracter 5009. The delay compensating circuit 5005 is a circuit for
compensating for the delay in the band-pass filter 5007. A brightness
signal 5207 is output from the subtracter 5009 and led out of an output
terminal 5010. The operation of the conventional color filter with respect
to a composite color TV of an NTSC system will now be explained. The
composite color TV signals 5201 which are synchro- nously sampled at a
sampling frequency of [err] represents a color subcarrier frequency) by the
A/D convert- er 5002 are arranged two-dimensionally on a screen, as shown
in Fig. 13. Since [err] = (455/2)fH (fH represents a horizontal scanning
frequency), 4 samples of color signals C having a phase difference of
180[err] are extracted per period on each line. -2-    In Fig. 13, the
symbol Y represents a brightness signal, and C1 and C2 color signals.  The
blank circle is Y + C1, hatched circle is Y - C1, white triangle is Y + C2
and hatched triangle is Y - C2. If the delay of 1 sample and the delay of
one line are expressed by [err]respectively, by Z conversion, 



[err] Since fsc   (455/2)fH, [err] = 910. The vertical filter 5006 extracts
a line support signal 5204 including a color signal C for supporting a line
which includes a color signal from the current input signal, the 1-line
delayed signal 5202 and the 2-line delayed signal 5203. In this case, the
transfer function HV(Z) of the vertical filter 5006 is HV(Z) = (-1/4).[err]
In other words, the line support signal HC(m, n) 5204 at the coordinates
(m, n) on the screen shown in Fig. 13 is extracted in the form of HC(m, n)
= -(1/4) {S(m, n-1) -2S(m, n) + S(m, n + 1)]. The line support signal 5204
also includes a brightness signal Y.  The band-pass filter 5007 separates
the color signal C(m, n), which is a high-frequency component, from the
line support signal HC(m, n) 5204.   The thus-obtained color signal 5205 is
supplied to the subtracter 5009. The    subtracter 5009 subtracts the color
signal C(m, n) 5205. from a signal S(m, n) 5206 obtained by delaying the
1-line delay signal 5202 by the delay compensating circuit 5005 in
correspondence with the band-pass filter 5007, thereby separating the
brightness signal Y(m, n) as represented by the following equation: Y(m, n)
= S(m, n) - C(m, n). 



In this case, the transfer function Hh(Z) of the band-pass filter 5007 is
constituted, for example, as represented by the following equation: Hh(Z) =
(-1/32)[err] As described above, in the conventional brightness
signal/color signal separating filter, the characteristics of the vertical
filter and a horizontal filter for filtering signals in the horizontal
scanning direction (hereinunder referred to merely as "horizontal
direction") are combined in a fixed state.  In other words, the brightness
signal Y and the color signal C are separated by the band-pass filter both
in the vertical and horizontal scanning directions. Therefore, in an area
in which the brightness and the color of a picture rapidly change,. each of
the brightness signal Y and the color signal C leaks out to the other's
channel, which produces a deterioration in quality of the reproduced
picture due to dot interference or the like. -4-    Accordingly, it is an
object of the present invention to eliminate the above-described problems
in the related art and to provide a brightness signal/color signal
separating filter which is capable of accurately separating a bright- ness
signal and a color signal even if a rapid change is produced in a TV
signal. To achieve this aim, the present inventor has intro- duced the
conception of non-correlative energy. The 



non-correlative energy is the value showing the degree of non-correlation
between a certain coding series and another coding series. Accordingly,
when the non-correlative energy is large, the correlation is low, while
when the non-correlative energy is small, the correlation is high. In other
words, it is possible to know a video correla- tion by using the
non-correlative energy.  The video corre- lation refers to a correlation
between a plurality of samples which constitute a picture. Therefore, if
the non-correlative energy is obtained in the vertical direc- tion, it is
possible to evaluate the video correlation in the vertical direction.  If
the non-correlative energy is obtained in the horizontal direction, it is
possible to evaluate the video correlation in the horizontal direction. If
the non-correlative energy is obtained with respect to both a color signal
and a brightness signal, such an -5-    evaluation is possible on both the
color signal and the brightness signal. In the present invention, such an
evaluation on the video correlation and the selection of a color signal in
accordance with the result of the evaluation are adopted as the fundamental
technique for achieving the object of the present invention. That is, the
present applicant proposes a technique for selecting a color signal which
is extracted in the direction in which the video correlation is the 



highest and outputting the selected color signal as the separated color
signal. For example, when the video corre- lation in the vertical direction
is high and the video correlation in the horizontal direction is low, the
color signal extracted in the vertical direction is adopted. To state this
more explicitly, the present invention provides an improved brightness
signal/color signal separating filter for executing such a technique. This-
brightness signal/color signal separating filter ensures the separation of
a brightness signal and a color signal in a screen area in which the
picture rapidly changes, for example, in the vertical direction, and
prevents the leakage of a brightness signal to a color signal,  or vice
versa, thereby reducing what is called dot interference. The structure of
the present invention will now be explained.   The present invention can
have four kinds of -6-    structure, as will be described hereinunder. The
fundamen- tal structure common to the four kinds will first be briefly
explained. The fundamental structure has the following circuits: A) a first
delay circuit; B) a second delay circuit; C) a vertical color signal
extracting filter; D) a horizontal color signal extracting filter; E) a
horizontal/vertical color signal extracting 



filter; F) a switching circuit; G) a video correlation judging circuit and
H) a first subtracter. The first delay circuit first delays a composite
video signal by a predetermined number of lines and outputs the delayed
signal as a first delayed composite video signal. It is here assumed that
the composite video signal has already been sampled at a frequency which is
synchronous with a horizontal scanning frequency. The delay (number of
lines) is one line in the NTSC system and 2 lines in the PAL system. The
second delay circuit then delays the first delayed composite video signal
by the same number of lines as the first delay circuit and outputs the
delayed signal as a second delayed composite video signal.  Therefore, in
the -7-    present invention, three kinds of signals, namely, the composite
video signal, the first delayed composite video signal and the second
delayed composite video signal are obtained. These signals are serially
delayed by a predeter- mined number of lines with respect to each other.
Accordingly, if any given point is selected from the plurality of sampling
points which constitute the first delay composite video signal as an object
sampling point, it is possible to extract a color signal by using the
sampled 



values at the object sampling point and sampling points in the vicinity
thereof. In the present invention, a first reference sampling point, a
second reference sampling point, a third reference sampling point and a
fourth reference sampling point are adopted as the sampling points for
extracting a color signal. These sampling points are determined in
correlation with the object sampling point. The first reference sampling
point is one of the plurality of sampling points which constitute the
composite video signal and is situated a predetermined number of lines,
which corresponds to the delay of the first delay circuit, above the object
sampling point on the screen.  On the other hand, the second reference
sampling point is situated a predetermined number of lines, which
corresponds to the delay of the second delay circuit, below the object
sampling point. Therefore, the second reference sampling -8-    point is
one of the plurality of sampling points which constitute the second delayed
composite video signal.  The third reference sampling point is one of the
plurality of sampling points which constitute the first delayed composite
video signal like the object sampling point, but it is situated a
predetermined number of sampling points to the right of the object sampling
point on the screen.  On the other hand, the fourth reference sampling
point is situated a predetermined number of sampling points to the left of
the 



object sampling point on the screen.  The fourth reference sampling point
is naturally one of the plurality of sampling points which constitute the
first delayed composite video signal. The vertical color signal extracting
filter extracts and outputs a signal including a color subcarrier frequency
component in the vertical direction on the basis of the three sampled
values of the object reference sampling point, the first reference sampling
point and the second reference sampling points, respectively.  The
extracted signal will be referred to as a "first color signal" hereinunder.
Since the sampled value of the object sampling point and the sampled values
of the points situated above and below the object sampling point are used
by the filter, the first color signal can be said to be a signal which can
be -9-    selected when the video correlation in the vertical direc- tion
is sufficiently high. The horizontal color signal extracting filter
extracts a signal including a color subcarrier frequency component in the
horizontal direction on the basis of three sampled values and outputs the
extracted signal as a second color signal.   The sampling points used by
this filter are the object reference sampling point, the third reference
sam- pling point and the fourth reference sampling point.  The second color
signal can therefore be said to be a signal 



which can be selected when the video correlation in the horizontal
direction is sufficiently high. The horizontal/vertical color signal
extracting filter extracts a signal including a color subcarrier frequency
component in the vertical and horizontal directions on the basis of five
sampled values and outputs the extracted signal as a third color signal.
The sampling points used by this filter are the object sampling point, the
first reference sampling point, the second reference sampling point, the
third reference sampling point and the fourth reference sampling point. The
third color signal extracted by this filter is a signal which is selected
when the video correlation both in the horizontal direction and in the
vertical direction is low. - 10 -    The switching circuit selectively
outputs one of these color signals, namely, either the first color signal,
the second color signal or the third color signal. In order to discriminate
the color signal output from the switching circuit from the other color
signals, the former color signal will be referred to as a "separated color
signal" hereinunder. The switching control of the switching circuit is
carried out by a video correlation judging circuit.. The video correlation
judging circuit so controls the switching circuit as to select one of the
first color signal, the second color signal or the third color signal as
the 



separated color signal. The thus-obtained color signal is subtracted from
the first delayed composite video signal by the first subtracter and the
result is output as a separated brightness signal. In this way, the present
invention has a structure for selecting a color signal. What is important
in the present invention is by what technique or by what structure a color
signal is selected. As described above, the first color signal must be
selected when the video correlation in the vertical direction is
sufficiently high, the second color signal when the video correlation in
the horizontal direc- tion is sufficiently high, and the third color signal
when the video correlation both in the horizontal direction and in the
vertical direction is low.   Such a selection is    carried out by the
video correlation judging circuit on the basis of the extraction of the
non-correlative energy.   As described above, the present invention can
have four struc- tures depending upon the kind of structure of the video
correlation judging circuit. A first structure of the video correlation
judging circuit will first be explained.   The first structure of the video
correlation judging circuit has the following elements: a) a horizontal
brightness signal non-correlative energy extracting circuit; b) a
horizontal color signal non-correlative energy. 



extracting circuit; c) a vertical brightness signal non-correlative energy
extracting circuit; d) a vertical color signal non-correlative energy
extracting circuit; e) first to eighth multipliers; f) first to fourth
maximum value calculators; g) ninth to eleventh multipliers; h) first to
third comparator; and i)' a judging circuit. The horizontal brightness
signal non-correlative energy extracting circuit extracts a horizontal
brightness signal non-correlative energy DYH which shows  the degree of -
12 -    non-correlativity of a brightness signal in the horizontal
direction.   The horizontal color signal non-correlative energy extracting
circuit extracts a horizontal color signal non-correlative energy DCH which
shows the degree of non-correlativity of a color signal in the horizontal
direction.   The vertical brightness signal non-correlative energy
extracting circuit extracts a vertical brightness signal non-correlative
energy DYV which shows the degree of non-correlativity of a brightness
signal in the vertical direction.   The vertical color signal
non-correlative energy extracting circuit extracts a vertical color signal
non-correlative energy DCV which shows the degree of 



non-correlativity of a color signal in the vertical direc- tion. Each of
the thus-obtained non-correlative energies is input to one or more of the
first to eighth multipliers and, after some processing, to the second and
third comparators. The first multiplier multiplies the horizontal bright-
ness signal non-correlative energy DYH by a constant a and outputs the
product. The second multiplier multiplies the horizontal color signal
non-correlative energy DCH by a constant b and outputs the product. The
third multiplier multiplies the horizontal brightness signal
non-correlative energy DYH by a constant el and outputs the product. The
fourth multiplier multiplies the horizontal color signal - 13 -
non-correlative energy DCH by a constant f1 and outputs the product.  The
fifth multiplier multiplies the horizontal brightness signal
non-correlative energy DYH by a constant e2 and outputs the product. The
sixth multiplier multiplies the horizontal color signal non-correlative
energy DCH by a constant f2 and outputs the product.  The seventh
multiplier multiplies the vertical brightness signal non-correlative energy
DYV by a constant c and outputs the product. The eighth multiplier
multiplies the vertical color signal non-correlative energy DCV by a
constant d and outputs the product. The thus-obtained outputs are input to
one of the first 



to fourth maximum value calculators.   The first maximum value calculator
compares the output of the first multiplier with the output of the second
multiplier and the larger value is output as a first horizontal
non-correlative energy DH1.   The second maximum value calculator compares
the output of the third multiplier with the output of the fourth multiplier
and the larger value is output as a second horizontal non-correlative
energy DH21. The third maximum value calculator compares the output of the
fifth multiplier with the output of the sixth multiplier and the larger
value is output as a third horizontal non-correlative energy DH22. The
fourth maximum value calculator compares the output of the seventh
multiplier with the output of the eighth - 14 -    multiplier and the
larger value is output as a vertical non-correlative energy DV. The
thus-obtained non-correlative energies DH1, DH21, DH22 and DV are
represented by the following equations: DH1 = max (a.DYH, b.DCH) DH21 = max
(el.DYH, fl.DCH) DH22 = max (e2.DYH, f2.DCH) DV = max (c.DYV, d.DCV) The
ninth multiplier multiplies the output of the second maximum value
calculator by a constant ml and outputs the product. The tenth multiplier
multiplies the output of the third maximum value calculator by a constant
m2 and 



outputs the product. The eleventh multiplier multiplies the output of the
fourth maximum value calculator by a constant n and outputs the product.
The thus-obtained values are supplied to one of the first to third
comparators. The first comparator compares DH1 with n.DV. If DH1 > n.DV,
the first comparator judges that the video correlation in the vertical
direction is high and  that in the horizontal direction is low in the
vicinity of the object sampling point.  On the other hand, if DH1 < n.DV,
the first comparator judges that the video correlation in the vertical
direction is low in the vicinity of the object sampling point. - 15 -
The second comparator compares DCV with ml.DH21.  If DCV > ml.DH21, the
second comparator judges that the video correlation in the horizontal
direction is high and that in the vertical direction is low in the vicinity
of the object sampling point. On the other hand, if DCV < ml.DH21, the
second comparator judges that the video correlation in the horizontal
direction is low in the vicinity of the object sampling point. The third
comparator compares DYV with m2DH22.  If DYV > m2.DH22, the third
comparator judges that the video correlation in the horizontal direction is
high and that in the vertical direction is low in the vicinity of the
object sampling point. On the other hand, if DYV < m2.DH22, the 



third comparator judges that the video correlation in the horizontal
direction is low in the vicinity of the object sampling point. The judging
circuit controls the switching circuit on the basis of the results of the
comparisons by the first to second comparators. If all the conditions
described below are satisfied, the first color signal is selected: 1) that
the first comparator judges that the video correlation in the vertical
direction is high and that in the horizontal direction it is low in the
vicinity of the object sampling point, - 16 -    2) that the second
comparator judges that the video correlation in the horizontal direction is
low in the vicinity of the object sampling point and 3) that the third
comparator judges that the video correlation in the horizontal direction is
low in the vicinity of the object sampling point. That is, if all these
three conditions are satisfied, since it is regarded that the video
correlation in the horizontal direction is low and the video correlation in
the vertical direction is high, the judging circuit commands the switch-
ing circuit to select the first color signal which is a color signal in the
vertical direction. If either of the conditions described below are satis- 



fied, the second color signal is selected: 1) that the second comparator
judges that the video correlation in the horizontal direction is high and
that in the vertical direction it is low in the vicinity of the object
sampling point, or 2) that the third comparator judges that the video
correlation in the horizontal direction is high and that in the vertical
direction it is low in the vicinity of the object sampling point. That is,
if either of these conditions are satisfied, since it is regarded that the
video correlation in the vertical direction is low and the video
correlation in the horizontal - 17 -    direction is high, the judging
circuit commands the switch- ing circuit to select the second color signal.
If all the conditions described below are satisfied, the third color signal
is selected: 1) that the first comparator judges that the video correlation
in the vertical direction is low in the vicinity of the object sampling
point, 2) that the second comparator judges that the video correlation in
the horizontal direction is low in the vicinity of the object sampling
point and 3) that the third comparator judges that the video correlation in
the horizontal direction is low in the vicinity of the object sampling
point. 



That is, if all these three conditions are satisfied, since it is regarded
that the video correlation both in the horizontal direction and in the
vertical direction is low, the judging circuit commands the switching
circuit to select the third color signal which is a color signal extracted
with due consideration into both the horizontal direction and the vertical
direction. A second structure of the video correlation circuit is different
from the first structure in that the horizontal color signal
non-correlative energy extracting circuit in the first structure is
separated into a first horizontal color signal non-correlative energy
extracting circuit and a - 18 -    second horizontal color signal
non-correlative energy extracting circuit, in that the vertical color
signal non-correlative energy extracting circuit in the first structure is
separated into a first vertical color signal non-correlative energy
extracting circuit and a second vertical color signal non-correlative
energy extracting circuit, and in that the objects of processing by the
circuits at the subsequent stages are different from those in the first
structure. The first horizontal color signal non-correlative energy
extracting circuit first extracts a first horizontal color signal
non-correlative energy DCH1 which shows the degree of non-correlativity of
a color signal in the hori- 



zontal direction from the composite video signal, the first delayed
composite video signal and the second delayed composite video signal.
Separately from this, the second horizontal color signal non-correlative
energy extracting circuit extracts a second horizontal color signal
non-correlative energy DCH2 which shows the degree of non-correlativity of
a color signal in the horizontal direction from the first delayed composite
video signal. The first vertical color signal non-correlative energy
extracting circuit extracts a first vertical color signal non-correlative
energy DCV1 which shows the degree of non-correlativity of a color signal
in the vertical    direction from the composite video signal, the first
delayed composite video signal and the second delayed composite video
signal. The second vertical color signal non-correlative energy extracting
circuit extracts a second vertical color signal non-correlative energy DCV2
which shows the degree of non-correlativity of a color signal in the
vertical direction from the composite video signal and the second delayed
composite video signal. In correspondence with these extracted signals, the
object of calculation by the second multiplier is the first horizontal
color signal non-correlative energy DCH1, the object of calculation by the
fourth multiplier is the second horizontal color signal non-correlative
energy DCH2, the object of calculation by the sixth multiplier is the
second 



horizontal color signal non-correlative energy DCH2, and the object of
calculation by the eighth multiplier is the second vertical color signal
non-correlative energy DCV2. The objects of comparison by the second
comparator are DCV1 and ml.DH21. The video correlation judging circuit
having the second structure has a similar operation to that of the video
correlation judging circuit having the first structure. A third structure
of the video correlation circuit is obtained by adding a correlation
coincidence judging means to the first structure. The correlation
coincidence judging - 20 -    means judges whether or not the result of
comparison by the third comparator is coincident at at least three sampling
points, namely, the object sampling point, the sampling point a
predetermined number of sampling points precedent to the object sampling
point and the sampling point a predeter- mined number of sampling points
after the object sampling point. For example, the output of the third
comparator is delayed by a predetermined number (e.g., 1) of samples twice,
and coincidence of the undelayed output, the output delayed once and the
output delayed twice is judged by an AND circuit. The judging conditions
for the judging circuit include the coincidence of the three video
correlations in addition to the result of comparison by the third
comparator. 



According to the third structure, it is possible to obtain a picture with a
further improved resolution in the horizontal direction. A fourth structure
of the video correlation circuit is obtained by adding the correlation
coincidence judging means to the second structure. This structure has a
similar operation to that of the third structure. The structure of each of
the non-correlative energy extracting circuits used in the present
invention will now be explained. - 21 -    The horizontal brightness signal
non-correlative energy extracting circuit preferably has the following
elements: a) a vertical low pass filter; b) a third delay circuit; c) a
fourth delay circuit; d) a second subtracter; e) a third subtracter; f) a
first absolute value calculator; g) a second absolute value calculator; and
h) a fifth maximum value calculator. Among these elements, the vertical low
pass filter compounds the composite video signal, the first delayed
composite video signal and the second delayed composite video signal and
outputs the thus-obtained compound signal with the color subcarrier
frequent component eliminated 



therefrom.  The output signal substantially includes a brightness signal.
The third delay circuit delays the output of the vertical low pass filter
by a predetermined number of sampling points and outputs the delayed
signal.  The fourth delay circuit delays the output of the third delay
circuit by the same number of sampling points as the third delay circuit,
and outputs the delayed signal.  In this way, a first signal which is
output from the vertical low pass - 22 -    filter and which includes a
brightness signal, a second signal obtained by delaying the first signal by
a predeter- mined number of sampling points and a third signal obtained by
further delaying the second signal by the same number of sampling points
are obtained.   If the sampling point represented by the second signal is
assumed to be the reference point, the sampling point represented by the
first signal is a point horizontally shifted from the reference point by
the corresponding number of sampling points in the horizontal direction on
the screen and the sampling repre- sented by the third signal is a-point
bilaterally symmetric with the point represented by the first signal with
respect to the sampling point represented by the second signal. The second
subtracter outputs the difference between the output of the vertical low
pass filter and the output of the first delay circuit. The third subtracter
outputs the 



difference between the output of the third delay circuit and the output of
the fourth delay circuit.   Therefore, the output of the second delay
circuit represents the difference between the brightness at the sampling
point represented by the first signal and the brightness at the sampling
point represented by the second signal, and the output of the third delay
circuit represents the difference between the brightness at the sampling
point represented by the second - 23 -    signal and the brightness at the
sampling point represented by the third signal. The first absolute value
calculator outputs the abso- lute value of the output of the second
subtracter.   The second absolute value calculator outputs the absolute
value of the output of the third subtracter. The fifth maximum value
calculator compares the output of the first absolute value calculator with
the output of the second absolute value calculator.   Since these values
represent the degrees of non-correlation, if the larger value is selected,
it can be treated as a non-correlative energy. A brightness signal is here
treated in the horizontal direction, the selected value corresponds to the
horizontal brightness signal non-correlative energy DYH. In this way, it is
possible to extract the horizontal brightness signal non-correlative energy
DYH by a simple structure. 



The horizontal color signal non-correlative energy extracting circuit
preferably has the following elements: a) a fifth delay circuit; b) a
fourth subtracter; and c) a third absolute value calculator. The fifth
delay circuit delays the output of the first delayed composite video signal
by a predetermined number of sampling points and outputs the delayed
signal. The fourth - 24 -    subtracter outputs the difference between the
outputs of the first delayed composite video signal and the output of the
fifth delay circuit. The third absolute value calculator outputs the
absolute value of the output of the fourth subtracter as the horizontal
color signal non-correlative energy DCH. By delaying the first delayed
composite video signal by a predetermined number of sampling points, it is
possible to obtain a signal representing the position which is shifted from
the position represented by the first delayed composite video signal by the
same number of sampling points in the horizontal direction on the screen.
Therefore, by the operation of the fourth subtracter, it is possible to
obtain the difference between the sampled value of a sampling point and the
sampled value of a sampling point which is shifted by a predetermined
number of sampling points. For example, in the NTSC system, if the delay of
the fifth delay circuit 



is assumed to be two samples, the color signal output from the fourth delay
circuit shows the value including only the difference in the color signal
component with the brightness signal component eliminated therefrom. It is
therefore. possible to treat the output of the third absolute value
calculator as the horizontal color signal non-correlative energy DCH. - 25
-    In this way, it is possible to extract the horizontal color signal
non-correlative energy DCH by a simple struc- ture. The vertical brightness
signal non-correlative energy extracting circuit preferably has the
following elements: a) first to third horizontal low pass filters; b) fifth
and sixth subtracters; c) fourth and fifth absolute value calculators; and
d) a sixth maximum value calculator. The first horizontal low pass filter
eliminates the color subcarrier frequency component from the composite
video signal.  The second horizontal low pass filter elimi- nates the color
subcarrier frequency component from the first delayed composite video
signal. The third horizontal low pass filter eliminates the color
subcarrier frequency component from the second delayed composite video
signal. By these operations, it is possible to obtain a signal
substantially representing a brightness signal component. 



The fifth subtracter outputs the difference between the output of the first
horizontal low pass filter and the output of the second horizontal low pass
filter. The sixth subtracter outputs the difference between the output of
the second horizontal low pass filter and the output of the third
horizontal low pass filter. The fourth absolute value calculator outputs
the absolute value of the output of the - 26 -    fifth subtracter.  The
fifth absolute value calculator outputs the absolute value of the output of
the sixth subtracter. The sixth maximum value calculator compares the
output of the fourth absolute value calculator with the output of the fifth
absolute value calculator and outputs the larger value as the vertical
brightness signal non-correlative energy DYV. In this way, it is possible
to extract the vertical brightness signal non-correlative energy DYV by a
simple structure. The vertical color signal non-correlative energy
extracting circuit preferably has the following elements: a) first and
second horizontal band-pass filters; b) a seventh subtracter; and c) a
sixth absolute value calculator. The first horizontal band-pass filter
transmits and outputs the color subcarrier frequency component of the
composite video signal.  The second horizontal band-pass 



filter transmits and outputs the color subcarrier frequency component of
the second delayed composite video signal. The seventh subtracter outputs
the difference between the output of the first horizontal band-pass filter
and the output of the second horizontal band-pass filter. The sixth
absolute value calculator outputs the absolute value of the output of - 27
-    the seventh subtracter as the vertical color signal non-correlative
energy DCV. In this way, it is possible to extract the vertical color
signal non-correlative energy DCV by a simple struc- ture. A brightness
signal/color signal separating filter according to the present invention is
also preferably provided with a color signal delay compensating means and a
brightness signal delay compensating means. The color signal delay
compensating means is a means for compensating for the time difference
between the outputs of the vertical color signal extracting filter, the
horizontal color signal extracting filter and the horizontal/vertical color
signal extracting filter. The brightness signal delay compensating means is
a means for compensating for the time difference between the separated
color signal and the separated bright-  - ness signal by delaying the first
delayed composite signal in correspondence with the time difference between
the first delayed composite signal and the separated color signal. 



These means can be simply constituted by delay circuits and it is possible
to prevent the deleterious influence of the delay on the processing of each
circuit. The correlation coincidence judging means preferably has the
following structure. - 28 -    The output of the first comparator is first
delayed by a predetermined number of sampling points by a sixth delay
circuit. Similarly, the output of the second comparator is delayed by the
same number of sampling points as the sixth delay circuit by a seventh
delay circuit. Further, the output of the third comparator is delayed by
the same number of sampling points as the sixth delay circuit by an eighth
delay circuit. In this way, the first to third color signals are delayed by
the same number of sampling points with respect to each other. The output
of the eighth delay circuit is further delayed by the same number of
sampling points as the sixth delay circuit by a ninth delay circuit.   As a
result, the third color signal, the signal obtained by delaying the third
color signal by a predetermined number of sampling points by the eighth
delay circuit and a signal obtained by delaying a predetermined number of
sampling points by the eighth and ninth delay circuits are obtained. These
three are signals for the sampling points which are serially shifted from
each other by a predetermined number of sam- 



pling points. These three signals are subjected to judgement. Whether or
not these three signals are coincident is judged and the result is supplied
to the judging circuit. - 29 -    In this way, the correlation coincidence
judging means can constitute only delaying means and logic elements. The
above and other objects, features and advantages of the present invention
will become clear from the following description of preferred embodiments
thereof, taken in conjunction with the accompanying drawings. Fig. 1 is a
block diagram of the structure of a first embodiment of a brightness
signal/color signal separating filter according to the present invention;
Fig. 2 is a block diagram of the structure of a video correlation judging
circuit in the first embodiment; Fig. 3 is a block diagram of the structure
of a judging circuit in the first embodiment; Fig. 4 is a block diagram of
the structure of a hori- zontal color signal non-correlative energy
extracting circuit in the first embodiment; Fig. 5 is a block diagram of
the structure of a hori- zontal brightness signal non-correlative energy
extracting circuit in the first embodiment; Fig. 6 is a block diagram of
the structure of a verti- cal color signal non-correlative energy
extracting circuit 



in the first embodiment; - 30 -    Fig. 7 is a block diagram of the
structure of a verti- cal brightness signal non-correlative energy
extracting circuit in the first embodiment; Fig. 8 is a block diagram of
the structure of a video correlation judging circuit in a second embodiment
of a brightness signal/color signal separating filter according to the
present invention; Fig. 9 is a block diagram of the structure of a video
correlation judging circuit in a third embodiment of a brightness
signal/color signal separating filter according to the present invention;
Fig. 10  is a block diagram of the structure of a video correlation judging
circuit in a fourth embodiment of a brightness signal/color signal
separating filter according to the present invention; Fig. 11 is a block
diagram of the structure of a video correlation judging circuit in a fifth
embodiment of a brightness signal/color signal separating filter according
to the present invention; Fig. 12 is a block diagram of the structure of a
conventional brightness signal/color signal separating filter; and Fig. 13
shows the relationship between the sampled values of an NTSC system. 



- 31 -    Embodiments of the present invention will be explained with
reference to the accompanying drawings. Fig. 1 is a schematic block diagram
of a first embodi- ment of a brightness signal/color signal separating
filter according to the present invention.  In Fig. 1, an input terminal 11
fetches a composite color TV signal of an NTSC system.  An A/D converter 12
converts an analog composite color TV signal input from the input terminal
11 into a digital signal.  A first 1-line delay circuit 13 has as its input
the output signal from the A/D converter 12 and delays the input signal by
one line. A second 1-line delay circuit 14 further delays the output of the
first 1-line delay circuit 13 by one line. This embodiment is further
provided with a delay compensating circuit 15, a vertical color signal
extracting filter 16, a horizontal/vertical color signal extracting filter
17, a video correlation judging circuit 18, a horizontal color signal
extracting filter 19, delay compensating circuits 20, 21, 22, a switching
circuit 23, an output terminal 24 on the side of the switching circuit 23,
a subtracter 25 and an output terminal 26 on the side of the subtracter 25.
Fig. 2 is a block diagram of an example of the video correlation judging
circuit 18 shown in Fig. 1.  The video correlation judging circuit 18
includes a horizontal color signal non-correlative energy extracting
circuit 27, a 



- 32 -    horizontal brightness signal non-correlative energy extract- ing
circuit 28, a vertical color signal non-correlative energy extracting
circuit 29, a vertical brightness signal non-correlative energy extracting
circuit 30, comparators 34, 35, 36, a judging circuit 37, multipliers 71
to 81, maximum value calculators 82 to 85, delay circuits 86 to 89 and an
AND circuit 90. The output signal 101 from the A/D converter 12 shown in
Fig. 1 is supplied to the horizontal brightness signal non-correlative
energy extracting circuit 28, the vertical color signal non-correlative
energy extracting circuit 29, and the vertical brightness signal
non-correlative energy extracting circuit 30 shown in Fig. 2. The output
signal 102 from the first 1-line delay circuit 13 is supplied to the
horizontal color signal non-correlative energy extract- ing circuit 27, the
horizontal brightness signal non-correlative energy extracting circuit 28
and the verti- cal brightness signal non-correlative energy extracting
circuit 30.   The output signal 103 from the second 1-line delay circuit 14
is supplied to the horizontal brightness signal non-correlative energy
extracting circuit 28, the vertical color signal non-correlative energy
extracting circuit 29, and the vertical brightness signal non-correlative
energy extracting circuit 30. - 33 - 



The output signal DCH from the the horizontal color signal non-correlative
energy extracting circuit 27 is supplied in three directions. In a first
direction, the output signal DCH is multiplied by a constant b by the
multiplier 72 and the product is supplied to the maximum value calculator
82.  In a second direction, the output signal DCH is multiplied by a
constant f1 by the multiplier 74 and the product is supplied to the maximum
value calcula- tor 83. In a third direction, the output signal DCH is
multiplied by a constant f2 by the multiplier 76 and the product is
supplied to the maximum value calculator 84. The output signal DYH from the
the horizontal bright- ness signal non-correlative energy extracting
circuit 28 is supplied in three directions. In a first direction, the
output signal DYH is multiplied by a constant a by the multiplier 71 and
the product is supplied to the maximum value calculator 82. In a second
direction, the output signal DYH is multiplied by a constant el by the
multiplier 73 and the product is supplied to the maximum value calcula- tor
83.  In a third direction, the output signal DYH is multiplied by a
constant e2 by the multiplier 75 and the product is supplied to the maximum
value calculator 84. The output signal DCV from the the vertical color
signal non-correlative energy extracting circuit 29 is supplied in two
directions.  In one direction, the output- - 34 - 



signal DCV is supplied to the comparator 35 and in the other direction, the
output signal DCV is multiplied by a constant d by the multiplier 78 and
the product is supplied to the maximum value calculator 85. The output
signal DYV from the the vertical brightness signal non-correlative energy
extracting circuit 30 is supplied in two directions. In one direction, the
output signal DYV is supplied to the comparator 36 and in the other
direction, the output signal DYV is multiplied by a constant c by the
multiplier 77 and the product is supplied to the maximum value calculator
85. The output signal from the maximum value calculator 82 is supplied to
the comparator 34 as a first horizontal non-correlative energy DH1. The
output signal from the maximum value calculator 83 is multiplied as a
second horizontal non-correlative energy DH21 by a constant ml by the
multiplier 79 and the product is supplied to the comparator 35. The output
signal from the maximum value calculator 84 is multiplied as a third
horizontal non-correlative energy DH22 by a constant m2 by the multi- plier
80 and the product is supplied to the comparator 36. The output signal from
the maximum value calculator 85 is multiplied as a vertical non-correlative
energy DV by a constant n by the multiplier 81 and the product is supplied
to the comparator 34. - 35 - 



The comparator 34 compares the first horizontal non-correlative energy DH1
with n.DV which is obtained by multiplying the vertical non-correlative
energy DV by the constant n.  If DH1 > n.DV, a signal 114 is output at a
high level, otherwise, it is output at a low level. The comparator 35
compares ml.DH21 which is obtained by multiplying the second
non-correlative energy DH21 by the constant ml with the vertical color
signal non-correlative energy DCV.  If DCV > ml.DH21, a signal 115 is
output at a high level, otherwise, it is output at a low level. The
comparator 36 compares m2.DH22 which is obtained by multiplying the third
non-correlative energy DH22 by the constant m2 with the vertical brightness
signal non-correlative energy DYV.  If DYV > m2.DH22, a signal 116 is
output at a high level, otherwise, it is output at a low level. The output
signal 114 from the comparator 34 is sup- plied to the delay circuit 86,
the output signal 115 from the comparator 35 is supplied to the delay
circuit 87 and the output signal 116 from the comparator 36 is supplied to
the delay circuit 88 and the AND circuit 90. The output signal 119 from the
delay circuit 88 is supplied to the delay circuit 89 and the AND circuit
90, and the output signal 120 from the delay circuit 89 is supplied to the
AND circuit 90. The output signal 117 from the delay circuit 86, the output
signal 118 from the delay circuit 87 and the 



- 36 -    output signal 121 from the AND circuit 90 are supplied to the
judging circuit 37. The output signal 110 from the judging circuit 37 is
supplied as the output of the video correlation judging circuit 18. Fig. 3
is a block diagram of an example of the judging circuit 37 shown in Fig. 2.
The judging circuit 37 is composed of AND circuits 38, 39, a NOT circuit 40
and a NOR circuit 41. The output signal 117 from the delay circuit 86 is
supplied to one input terminal of the AND circuit 39 and the input terminal
of the NOT circuit 40.  The output signal 118 from the delay circuit 87 is
supplied to one input terminal of the NOR circuit 41.  The output signal
121 from the AND circuit 90 is supplied to the other input terminal of the
NOR circuit 41. The output of the NOR circuit 41 is supplied to the other
input terminal of the AND circuit 39          - and one input terminal of
the AND circuit 38. The output terminal from the NOT circuit 40 is supplied
to the other input terminal of the AND circuit 38. The output signal from
the AND circuit 38 and the output signal from the AND circuit 39 constitute
the output signal 110 from the video correlation judging circuit 18. Fig. 4
is a block diagram of an example of the horizon- tal color signal
non-correlative energy extracting circuit 27 shown in Fig. 2. This circuit
27 is composed of a delay. 



- 37 -    circuit 44 which has a delay corresponding to one period of the
color subcarrier (1/[err] a subtracter 45 and an abso- lute value
calculator 46.  The output signal 102 from the first 1-line delay circuit
13 is supplied to the delay circuit 44 and one input terminal of the
subtracter 45. The output signal from the delay circuit 44 is supplied to
the other input terminal of the subtracter 45. The output signal from the
subtracter 45 is supplied to the absolute value calculator 46 and the
output of the absolute value calculator 46 constitutes the horizontal color
signal non-correlative energy DCH. Fig. 5 is a block diagram of an example
of the horizon- tal brightness signal non-correlative energy extracting .
circuit 28 shown in Fig. 2. This circuit 28 is composed of a vertical low
pass filter 47, delay circuits 48, 49 each of which has a delay
corresponding to one half period of the color subcarrier [err] subtracters
50, 51, absolute value calculators 52, 53 and a maximum value calculator
54. The output signal 101 from the A/D converter 12, the output signal 102
from the first 1-line delay circuit 13and the output signal 103 from the
second 1-line delay circuit 14 are supplied to the vertical low pass filter
47, and the output of the vertical low pass filter 47 is supplied to the
delay circuit 48 and one input terminal of the subtracter 50. The output of
the delay circuit 48 is supplied to the 



- 38 -    delay circuit 49, the other input terminal of the subtracter 50
and one input terminal of the subtracter 51. The output of the subtracter
50 is supplied to the absolute value calculator 52 and the output of the
absolute value calculator 52 is in turn supplied to the maximum value
calculator 54. The output of the subtracter 51 is supplied to the absolute
value calculator 53 and the output of the absolute value calculator 53 is
supplied to the maximum value calculator 54. The output of the maximum
value calculator 54 constitutes the output DYH of the horizontal brightness
signal non-correlative energy extracting circuit 28. Fig. 6 is a block
diagram of an example of the vertical color signal non-correlative energy
extracting circuit 29 shown in Fig. 2.  This circuit 29 is composed
of.horizontal band-pass filters 55, 56, a subtracter 57 and an absolute
value calculator 58. The output signal 101 from the A/D converter 12 is
supplied to the horizontal band-pass filter 55 and the output signal 103
from the second 1-line delay circuit 14 is supplied to the horizontal
band-pass filter 56. The output of the horizontal band-pass filter 55 is
supplied to one input terminal of the subtracter 57, while the output of
the horizontal band-pass filter 56 is supplied to the other input terminal
of the subtracter 57. The output of the subtracter 57 is supplied to the
absolute 



value calculator 58 and the output of the absolute value calculator 58 - 39
-    constitutes the output DCV of the vertical color signal
non-correlative energy extracting circuit 29. Fig. 7 is a block diagram of
an example of the vertical brightness signal non-correlative energy
extracting circuit 30 shown in Fig. 2.  This circuit 30 is composed of
horizon- tal low pass filters 59, 60, 61, subtracters 62, 63, abso- lute
value calculators 64, 65 and a maximum value calculator 66. The output
signal 101 from the A/D converter 12 is supplied to the horizontal low pass
filter 59, the output signal 102 from the first 1-line delay circuit 13 is
sup- plied to the horizontal low pass filter 60, and the output signal 103
from the second 1-line delay circuit 14 is supplied to the horizontal low
pass filter 61. The output of the horizontal low pass filter 59 is supplied
to one input terminal of the subtracter 62, and the output of the
horizontal low pass filter 60 is supplied to the other input terminal of
the subtracter 62 and one input terminal of the subtracter 63.  The output
of the horizontal low pass filter 61 is supplied to other input terminal of
the subtracter 63. The output of the subtracter 62 is supplied to the
absolute value calculator 64 and the output of the subtracter 63 is
supplied to the absolute value calculator 65. The outputs of the absolute
value 



calculators 64, 65 are supplied to the maximum value calculator 66 and the
output of the maximum value calculator 66 constitutes -40-    the output
DYV of the vertical brightness signal non-correlative energy extracting
circuit 30. The operation of the first embodiment shown in Figs. 1 to 7
will now be explained. When the composite color TV signal of an NTSC system
is supplied to the A/D converter 12 through the input terminal 11, the A/D
converter 12 samples the composite color TV signal at a sampling frequency
of [err] = [err] The sampled composite color TV signal passes through the
first 1-line delay circuit 13 and the second 1-line delay circuit 14,
whereby the sample value at a certain object sampling point and the
sampling values at two refer- ence sampling points which are one line above
and below the object sampling point are simultaneously extracted. That is,
when the composite color TV signal (sampled value) S(m, n) at the
coordinates (m. n) is output as the output 102 of the first 1-line delay
circuit 13, the signal S(m, n-1) and the signal S(m, n+1) are
simultaneously output as the outputs 103, 101 of the second 1-line delay
circuit 14 and the A/D converter 12, respectively (see Fig. 13). The signal
102 is supplied to the horizontal color signal extracting filter 19, and
the signals 102, 101, 103 



are supplied to the inputs of the vertical color signal extracting filter
16, the horizontal/vertical color signal - 41 -    extracting filter 17 and
the video correlation judging circuit 18, respectively. For example, the
transfer function of the vertical color signal extracting filter 16 at this
time is represent- ed by CV(Z) = (-1/4)(1-Z[err] the transfer function of
the horizontal color signal ex- tracting filter 19 is represented by Ch(Z)
= (-1/4) [err] and the transfer function of the horizontal/vertical color
signal extracting filter 17 is represented by ChV(Z) = (-1/4)[err] The
output signal 104 from the vertical color signal extracting filter 16 and
the output signal 106 from the horizontal color signal extracting filter 19
and the output signal 108 from the horizontal/vertical color signal ex-
tracting filter 17 are supplied to the switching circuit 23 as the output
signal 105 from the delay compensating circuit 20, the output signal 107
from the delay compensating circuit 22 and the output signal 109 from the
delay compen- sating circuit 21, respectively. The operation of selecting a
color signal from the color signals of the vertical color signal extracting
filter 



16, the horizontal color signal extracting filter 19 and the - 42 -
horizontal/vertical color signal extracting filter 17 by the switching
circuit 23 will now be explained. The switching circuit 23 is operated as
follows. (1) When the correlation in the vertical direction at the object
sampling point is especially high , the switching circuit 23 selects the
output signal 105 from the delay compensating circuit 20 to which the
output signal 104 is input from the vertical color signal extracting filter
16. (2) When the correlation in the horizontal direction is especially
high, the switching circuit.23 selects the output signal 107 from the delay
compensating circuit 22 to which the output signal 106 is input from the
horizontal color signal extracting filter 19. (3) In the other cases, the
switching circuit 23 selects the output signal 109 from the delay
compensating circuit 21 to which the output signal 108 . is input from the
horizontal/vertical color signal extract- ing filter 17. The video
correlation judging circuit 18 detects the video correlation and controls
the switching circuit 23 in the following manner. If it is assumed that the
horizontal color signal non-correlative energy is DCH(Z), the horizontal
brightness signal non-correlative energy is DYH(Z), the vertical color
signal non-correlative energy is DCV(Z), and the vertical 



brightness signal non-correlative energy is DYV(Z), these - 43 -
energies are represented by the ratio to the A/D converted composite color
TV signal as follows: DCH(Z) = [err] DYH(Z)   max  [err] [err] DCV(Z) [err]
DYV(Z) = max   (1 /4).(1 + [err] [err] At this time, the first horizontal
non-correlative energy DH1, the second horizontal non-correlative energy
DH21, the third horizontal non-correlative energy DH22 and the vertical
non-correlative energy DV are represented as follows: DH1 = max (a.DYH,
bDCH) DH21 = max (el.DYH, f1.DCH) DH22 = max (e2.DYH, f2.DCH) DV = max
(c.DYV, d.DCV) The comparator 34 compares DH1 with n.DV.  If DH1 > n-DV,
the comparator 34 judges that the video correlation in the vertical
direction is high and the video correlation in the horizontal direction is
low and outputs "1" as the signal 114 to the delay circuit 86. On the other
hand, if DH1 < n.DV, the comparator 34 judges that the video correla- tion
in the vertical direction is low and outputs "0" as 



the signal 114 to the delay circuit 86. - 44 -    The comparator 35
compares DCV with ml.DH21. If DCV > ml.DH21, the comparator 35 judges that
the video correlation in the horizontal direction is high and that in the
vertical direction is low and outputs "1" as the signal 115 to the delay
circuit 87. On the other hand, if DCV < ml.DH21, the comparator 35 judges
that the video correlation in the horizontal direction is low and outputs
"0" as the signal 115 to the delay circuit 87. The comparator 36 compares
DYV with m2.DH22.  If DYV > m2.DH22, the comparator 36 judges that the
video correlation in the horizontal direction is high and that in the
vertical direction is low and outputs "1" as the signal 116 to the delay
circuit 88.   On the other hand, if DYV < m2.DH22, the comparator 36 judges
that the video correlation in the horizontal direction is low and outputs
"0" as the signal 116 to the delay circuit 88. The signal 116 is delayed by
the delay circuit 88-by [err] and supplied to the delay circuit 89 as the
signal 119, which is further delayed by [err] by the delay circuit 89 and
supplied to the AND circuit 90 as the signal 120. The signals 116 and 119
are also input to the AND circuit 90. The delay circuits 86, 87 and the AND
circuit 90 supply the signals 117, 118 and 121, respectively, to the
judging circuit 37. 



- 45 -    The judging circuit 37 controls the switching circuit 23 in the
following way on the basis of the results of the detection of the above
correlations.  The relationship between the input signals 117,118, 121 and
the output signal 110 and the color signals 105, 107, 109 which are
selected by the switching circuit 23 is shown in Table 1. Table 1 Output
Output  Output   Output signal 110       Color signal signal  signal
signal   of Judging circuit 37  signal 111 117 of  118 of  121 of    Output
Output        selected delay   delay   delay      signal   signal       by
switching circuit circuit circuit   110a of  110b of       circuit 23 86
87      90        AND       AND circuit circuit 38        39 0      0
0           1        0                109 0      0       1          0
0                107 0      1       0          0         0
107 0      1       1          0         0                10-7 1      0
0          0         1               105 1      0       1          0
0               107 1      1       0          0         0               107
1       1          0        0                107 As is clear from Table 1,
the switching circuit selects the output signal 107 from the delay
compensating circuit 22 



- 46 -    when both the output signal 110a from the AND circuit 38 and the
output signal 110b from the AND circuit 39 are "0", selects the output
signal 105 from the delay compensating circuit 20 when the output signal
110a from the AND circuit 38 is "0" and the output signal 110b from the AND
circuit 39 is "1", and selects the output signal 109 from the delay
compensating circuit 21 when the output signal 110a from the AND circuit 38
is "1" and the output signal 110b from the AND circuit 39 is "0".
Therefore, the filter characteristic C(Z) of the color signal extracting
filter in the embodiment shown in Fig. 1 is switched in the following
manner in accordance with the degree of correlation. When the video
correlation in the horizontal direction is high, C(Z) = Ch(Z), when the
video correlation in the horizontal direction is low and that in the
vertical direction is high, C (Z) = Cv(Z), and when the video correlation
in the horizontal direction is low and that in the vertical direction is
low, C(Z) =Chv(Z). A second embodiment of the present invention will now be
explained with reference to Fig. 8. In the second embodiment, the video
correlation judging circuit 18 shown in Fig. 2 is modified. In a video 



- 47 -    correlation judging circuit 1018 of this embodiment, the product
b.DCH1 obtained by multiplying the output signal DCH1 of a first horizontal
color signal non-correlative energy extracting circuit 1027a by the
constant b by a multiplier 1072 and a.DYH are input to a maximum value
calculator 1082. The maximum value calculator 1082 outputs DH1. The product
fl.DCH2 obtained by multiplying the output signal DCH2 of a second
horizontal color signal non-correlative energy extracting circuit 1027b by
the constant f1 by a multiplier 1074 and el.DYH are input to a maximum
value calculator 1083. The maximum value calculator 1083 outputs DH 21. The
product f2.DCH2 obtained by multiplying the output signal DCH2 by the
constant f2 by a multiplier 1076 and e2.DYH are input to a maximum value
calculator 1084. The maximum value calculator 1084 outputs DH 22.   The
product d.DCV2 obtained by multiplying the output signal DCV2 from a second
vertical color signal non-correlative energy extracting circuit 1029b by
the constant d by a multiplier 1078 and c.DYV are input to a maximum value
calculator 1085. The maximum value calculator 1085 outputs DV. A comparator
1034 compares DH1 with n.DV, a comparator 1035 compares DCV1 with ml.DH21
and a comparator 1036 compares DYV with m2.DH22. The control of the
selecting operation of a switching circuit by a judging circuit 1037 in
accordance with the 



- 48 -    output 1110 of the judging circuit 1037 is the same as shown in
Table 1. In the first and second embodiments, the composite color TV signal
is sampled at a frequency 4 times as high as the frequency of the color
subcarrier which is synchronous with the horizontal scanning frequency.
However, if a method of arranging sampling points in the form of a lattice
on the screen is adopted, the sampling frequency is not restricted to 4
times the frequency of the color subcarrier and may be another frequency.
The digital filter used in the above embodiments is only an example, and
may be varied, for example, the number of stages at which filters are
disposed may be increased. Although these embodiments are applied to a
composite color TV signal of an NTSC system, if 2-line delay circuits 4013,
4014 shown in Fig. 11 are used in place of the 1-line    - - delay circuits
13, 14 in Fig. 1, these embodiments are applicable as a brightness
signal/color signal separating filter for a composite color TV signal of a
PAL system. In the first and second embodiments, the signal 116 (1116) is
passed through two delay circuits, but the number of delay circuit is not
restricted to two so long as it is an even number so that non-correlation
is detected over [err] samples (K: an integer) before and after the object
pixel. - 49 - 



In this case, the number of delay circuits through which the signals 114
(1114) and 115 (1115) are passed is not restricted to 1. As described
above, according to the first and second embodiments, the video
correlations in the vertical direc- tion and in the horizontal direction of
a composite color TV signal are detected and, in the horizontal brightness
component, the correlation is detected not only in the object pixel but
also in the samples before and after the object pixel. The brightness
signal/color signal separating filter outputs a signal selected from the
output signals having different characteristics on the basis of the detect-
ed results. Thus, it is possible to provide a bright- ness/color signal
separating filter which is capable of reducing the leakage of the
brightness signal and the color signal into each other's channel and,
hence, reducing the dot interference and which has a high resolution in the
horizontal direction. A third embodiment of the present invention will now
be explained with reference to Fig. 9. In the third embodi- ment, the video
correlation judging circuit 18 shown in Fig. 1 is again modified.  Fig. 9
is a block diagram of a video correlation judging circuit 2018 of this
embodiment.. This circuit 2018 is composed of a horizontal color signal
non-correlative energy extracting circuit 2027, a horizontal brightness
signal non-correlative energy extracting circuit 



- 50 -    2028, a vertical color signal non-correlative energy ex- tracting
circuit 2029, a vertical brightness signal non-correlative energy
extracting circuit 2030, comparators 2034  to 2036, a judging circuit 2037,
multipliers 2071 to 2081 and maximum value calculators 2082 to 2085. The
third embodiment is different from the first embodiment in that the outputs
of the comparators 2034 to 2036 are directly supplied to the judging
circuit 2037. The third embodiment also produces a similar effect to that
of the first embodiment except for the effect produced by comparing the
degree of horizontal correlation using a plurality of signals sequentially
being transferred with delay. A fourth embodiment of the present invention
will now be explained with reference to Fig. 10. This embodiment is a
modification of the third embodiment shown in Fig. 9. Fig. 10 is a block
diagram of a video correlation judging circuit of this embodiment. In a
video correlation judging circuit 3018 of this embodiment, the product
b.DCH1 obtained by multiplying the output signal DCH1 of a first horizontal
color signal non-correlative energy extracting circuit 3027a by the
constant b by a multiplier 3072 and a.DYH are input to a maximum value
calculator 3082. The maximum value calculator 3082 outputs DH1. The product
fl.DCH2 obtained by multiplying the output signal DCH2 of a second
horizontal 



- 51 -    color signal non-correlative energy extracting circuit 3027b by
the constant f1 by a multiplier 3074 and el.DYH are input to a maximum
value calculator 3083. The maximum value calculator 3083 outputs DH 21. The
product f2.DCH2 obtained by multiplying the output signal DCH2 by the
constant f2 by a multiplier 3076 and e2.DYH are input to a maximum value
calculator 3084. The maximum value calculator 3084 outputs DH 22.   The
product d.DCV2 obtained by multiplying the output signal DCV2 from a second
vertical color signal non-correlative energy extracting circuit 3029b by
the constant d by a multiplier 3078 and c.DYV are input to a maximum value
calculator 3085. The maximum value calculator 3085 outputs DV.  A
comparator 3034 compares DH1 with nDV, a comparator 3035 compares DCV1 with
ml.DH21 and a comparator 3036 compares DYV with m2DH22. The control of the
selecting operation of a switching circuit by a judging circuit 3037 in
accordance with the output 3110 of the judging circuit 3037 is the same as
shown in Table 1. As described above, according to the third and fourth
embodiments, the video correlations in the vertical direc- tion and in the
horizontal direction of a composite color TV signal are detected, and the
brightness signal/color signal separating filter outputs a signal selected
from the input signals having different characteristics on the basis of the



detected results.    Thus, it is possible to provide a brightness/color
signal separating filter which is capable - 52 -    of reducing the leakage
of the brightness signal and the color signal into each other's channel
and, hence, reducing the dot interference. Although these embodiments are
applied to a composite color TV signal of an NTSC system, if 2-line delay
circuits 4013, 4014 shown in Fig. 11 are used in place of the 1-line delay
circuits, these embodiments are applicable as a brightness signal/color
signal separating filter for a composite color TV signal of a PAL system.
While there has been described what are at present considered to be a
preferred embodiment of the invention, it will be understood that various
modifications may be made thereto, and it is intended that the appended
claims cover all such modifications as fall within the true spirit and
scope of the invention. - 53 -    CLAIMS 1.    A brightness signal/color
signal separating filter comprising: 5              means for delaying a
composite video signal 



which is sampled at a frequency synchronous with a horizontal scanning
frequency by a predetermined number of lines and simultaneously outputting
a first delayed video signal delayed by a predetermined first number of
lines and 10 a second delayed video signal delayed by twice said first
number of lines; a vertical color signal extracting filter for extracting
and outputting as a first color signal a signal including a color
subcarrier frequency component in the 15  vertical scanning direction,
using, for each object sampling point, a sampled value at the object
sampling point in said first delayed video signal, sampled values at a
first and a second reference sampling point, which are at the same position
in respectively said composite video signal and 20  said second delayed
video signal as the object sampling point in said first delayed video
signal; a horizontal color signal extracting filter for extracting and
outputting as a second color signal, a signal including a color subcarrier
frequency component in the 25  horizontal scanning direction using, for
each object sampling point, a sampled value at said object sampling point
in said first delayed video signal, sampled values    - 55 - at a third and
a fourth reference sampling point being the sampling points a predetermined
number of sampling points respectively to the left and to the right of said
object 



sampling point in said first delayed video signal; 5              a
horizontal/vertical color signal extracting filter for extracting and
outputting as a third color signal, a signal including a color subcarrier
frequency component in the vertical scanning direction and in the
horizontal scanning direction using, for each object 10 sampling point, a
sampled value at said object sampling point in said first delayed video
signal and the sampled values at said first, second, third and fourth
reference sampling points; a switching circuit for selecting one from said
15 first color signal, said second color signal and said third color signal
and outputting the selected signal as a separated color signal; a video
correlation judging circuit for controlling said switching circuit so as to
select one from 20  said first color signal, said second color signal and
said third color signal; and subtractor means for subtracting said
separated color signal from said first delayed composite video signal at
each sampling point and outputting the signal obtained as 25 a separated
brightness signal; said video correlation judging circuit including.:
-56- horizontal brightness signal non-correlative 



energy extracting means for extracting a horizontal brightness signal
non-correlative energy signal which indicates the degree of
non-correlativity of a brightness 5 signal in the horizontal scanning
direction; horizontal color signal non-correlative energy extracting means
for extracting a horizontal color signal non-correlative energy signal
which indicates the degree of non-correlativity of a color signal in the
horizontal 10 scanning direction; vertical brightness signal
non-correlative energy extracting means for extracting a vertical
brightness signal non-correlative energy signal which indicates the degree
of non-correlativity of a brightness signal in the 15  vertical scanning
direction; vertical color signal non-correlative energy extracting means
for extracting a vertical color signal non- correlative energy signal which
indicates the degree of non- correlativity of a color signal in the
vertical scanning 20  direction; first maximum value calculator means for
comparing said horizontal brightness signal non-correlative energy signal
multiplied by a constant a, with said horizontal color signal
non-correlative energy signal 25 multiplied by a constant b, and outputting
the larger value as a first horizontal non-correlative energy signal DH1;
second maximum value calculator means for    



-57- comparing said horizontal brightness signal non-correlative energy
signal multiplied by a constant el, with said horizontal color signal
non-correlative energy multiplied by a constant f1, and outputting the
larger value as a second 5 horizontal non-correlative energy signal DH21;
third maximum value calculator means for comparing said horizontal
brightness signal non-correlative energy signal multiplied by a constant
e2, with said horizontal color signal non-correlative energy signal 10
multiplied by a constant f2, and outputting the larger value as a third
horizontal non-correlative energy signal DH22; fourth maximum value
calculator means for comparing said vertical brightness signal
non-correlative energy signal multiplied by a constant c, with said
vertical 15 color signal non-correlative energy signal multiplied by a
constant d, and outputting the larger value as a vertical        -
non-correlative energy signal DV; first comparator means for comparing said
first horizontal non-correlative energy signal DH1 with said 20 vertical
non-correlative energy signal DV multiplied by a constant n, and judging
that the video correlation in the vertical scanning direction is high and
said video correlation in the horizontal scanning direction is low in the
vicinity of said object sampling point when the former 25 is larger and
that said video correlation in the vertical scanning direction is low in
the vicinity of said object sampling point when the latter is larger;  



-58- second comparator means for comparing said vertical color signal
non-correlative energy signal with said second horizontal non-correlative
signal DH21 multiplied by a constant ml and judging that the video 5
correlation in the horizontal scanning direction is high and the video
correlation in the vertical scanning direction is low in the vicinity of
said object sampling point when the former is larger and that the video
correlation in the horizontal scanning direction is low in the vicinity of
said 10 object sampling point when the latter is larger; third comparator
means for comparing said vertical brightness signal non-correlative energy
signal with said third horizontal non-correlative energy signal DH22
multiplied by a constant m2 and judging that the video 15 correlation in
the horizontal scanning direction is high and the video correlation in the
vertical scanning direction is low in the vicinity of said object sampling
point when the former is larger and judging the said video correlation in
the horizontal scanning direction is low in the vicinity of 20 said object
sampling point when the latter is larger; a judging circuit which is
responsive to the output of said first, second and third comparator means;
said judging circuit instructing said switching circuit to select said
first color signal when said first 25 comparator means judges that video
correlation in the vertical scanning direction is high and the video 



correlation in the horizontal scanning direction is low in    -59- object
sampling point, said second comparator means judges that the video
correlation in the horizontal scanning direction is low in the vicinity of
said object sampling point and said third comparator means judges that the
video 5 correlation in the horizontal scanning direction is low in the
vicinity of said object sampling point; said judging circuit instructing
said switching circuit to select said second color signal when said second
comparator means judges that the video correlation in the 10 horizontal
scanning direction is high and the video correlation in the vertical
scanning direction is low in the vicinity of said object sampling point or
when said third comparator means judges that the video correlation in the
horizontal scanning direction is high and the video 15  correlation in the
vertical scanning direction is low in the vicinity of said object sampling
point; and said judging circuit instructing said switching circuit to
select said third color signal when said first comparator means judges that
the video correlation in 20 vertical scanning direction is low in the
vicinity of said object sampling point, said second comparator means judges
that the video correlation in the horizontal scanning direction is low in
the vicinity of said object sampling point and said third comparator means
judges that the video 



25 correlation in the horizontal scanning direction is low in the vicinity
of said object sampling point.    * C   L  M  S   * 2.   A brightness
signal/color signal separating filter according to Claim 1, wherein said
horizontal brightness signal non-correlative energy extracting means
includes: a vertical low pass filter for compounding said compos- ite video
signal, said first delayed composite video signal and said second delayed
composite video signal and output- ting the composite signal obtained with
the color subcarrier frequency component eliminated therefrom; a.first
delay circuit for delaying the output of said vertical low pass filter by a
predetermined number of sampling points; a second delay circuit for
delaying the output of said third delay circuit by the same number of
sampling points as said third delay circuit; second subtracter means for
outputting the difference between the output of said vertical lowpass
filter and said first delayed video signal.; third subtracter means for
outputting the difference between the output of said first delay circuit
and the output of said second delay circuit; a first absolute value
calculator for outputting the absolute value of the output of said second
subtracter means; - 60 - 



a second absolute value calculator for outputting the absolute value of the
output of said third subtracter,means; and a fifth maximum value calculator
for comparing the output of said first absolute value calculator with the
output of said second absolute value calculator and output- ting the larger
value as a horizontal brightness signal non-correlative energy DYH. 3.   A
brightness signal/color signal separating filter according to Claim 1 or 2,
wherein said horizontal color signal non-correlative energy extracting,
means includes: a  third delay circuit for delaying said first delayed
video signal by a predetermined number of sampling points; fourth
subtracter means for outputting the difference between said first delayed
Video signal and the output of said third delay circuit; and a third
absolute value calculator for outputting the absolute value of the output
of said fourth subtracter means as a horizontal color signal
non-correlative energy DCH. 4.   A brightness signal/color signal
separating filter according to Claim 1, 2 or 3, wherein said vertical
brightness signal non-correlative energy extracting   means includes: a
first horizontal low pass filter for outputting said composite video signal
with the color subcarrier frequency component eliminated therefrom; 61 



*   C    L    M    S   * a second horizontal low pass filter for
outputting-said first delayed            video signal with the color
subcarrier frequency component eliminated therefrom; a third horizontal low
pass filter for outputting said second delayed            video signal with
the color subcarrier frequency component eliminated therefrom; fifth
subtracter means for outputting the difference between the output of said
first horizontal low pass filter and the output of said second horizontal
low pass filter; sixth subtracter means for outputting the difference
between the output of said second horizontal low pass filter and the output
of said third horizontal low pass filter; a fourth absolute value
calculator for outputting the absolute value of the output of said fifth
subtracter means; a fifth absolute value calculator for outputting the
absolute value of the output of said sixth subtracter means; and a sixth
maximum value calculator for comparing the output of said fourth absolute
value calculator with the output of said fifth absolute value calculator
and output- ting the larger value as a vertical bright signal
non-correlative energy DYV. 5.  A brightness signal/color signal separating
filter according to Claim 1, 2, 3 or 4, wherein said vertical color signal
non-correlative energy extracting  means  includes: - 62 - 



a first horizontal band-pass filter for transmitting and outputting said
color subcarrier frequency component of said composite video signal; a
second horizontal band-pass filter for transmitting and outputting said
color subcarrier frequency component of said second delayed  means   video
signal; a seventh subtracter means for outputting the difference between
the output of said first horizontal band-pass filter and the output of said
second horizontal band-pass filter; and a sixth absolute value calculator
for outputting the absolute value of the output of said seventh subtracter
means as a vertical color signal non-correlative energy DCV. 6. A
brightness signal/color signal separating filter according to any one of
claims 1 to 5, further comprising a color signal delay compensating means
for compensating for the time difference between the output of said
vertical color signal extracting filter, the output of said horizontal
color signal extracting filter and the output of said horizon- tal/vertical
color signal extracting filter. 7. A brightness signal/color signal
separating filter according to any one of claims .1 -to 6, further
comprising a brightness signal delay compensating means for compensating
for the time difference between said separated color signal and said
separated brightness signal by delaying said first delayed - 63 - 



[err] - 64 - video signal in correspondence with the time difference
between said first delayed video signal and said separated color signal. 8.
A brightness signal/color signal separating 5 filter according to any one
of the preceding claims, wherein said horizontal color signal
non-correlative energy extracting means comprises separate means for
extracting a first and a second horizontal color signal non-correlative
energy signal, said first color signal non-correlative 10  energy signal
being compared in said first maximum value calculator means and said second
color signal non- correlative energy signal being compared in said second
and third maximum value calculator means and wherein said vertical color
signal non-correlative 15 extracting means comprises separate means for
extracting a first and a second vertical color signal non-correlative
signal said first vertical colorsignal non-correlative signal being
compared in said second comparator means and said second vertical color
signal non-correlative energy 20  signal being compared in said fourth
maximum value calculator means. 9.    A brightness signal/color signal
separating filter according to any one of the preceding claims, wherein
said video correlation judging circuit further includes a 



25 correlation judging means for judging whether the result of the
comparison by the third comparator means is consistently that said video
correlation in the horizontal direction is    *    C    L    M    S    *
-65- high and said video correlation in the vertical direction is low at
each of the object sampling point and at least a pair of sampling points a
predetermined number of sampling points on either side of said object
sampling point, said 5  correlation judging means altering the output of
said third comparator means to which said judging circuit is responsive, to
be that the video correlation in the horizontal direction is low in the
vicinity of the object sampling point when the result of comparison by the
third 10 comparator means is not consistent in the said manner. 10.   A
brightness signal/color signal separating filter according to claim 9,
wherein said correlation judging means includes: second delay means for
delaying the output of 15 said first comparator means by a predetermined
number of sampling points; third delay means for delaying the output of
said second comparator means by the same number of sampling points as said
second delay means; 20              fourth delay means for delaying the
output of said third comparator means by the same number of sampling 



points as said second delay means; a sixth delay means for delaying the
output of said eighth comparator means by the same number of sampling 25
points as said second delay means; and means for supplying a signal which
indicates    *    C    L    M    S * - 66 - that said result of said third
comparator means is coincident at least three sampling points, namely, said
object sampling point, the sampling point a predetermined number of
sampling points precedent to said object sampling 5  point and the sampling
point a predetermined number of sampling points after said object sampling
point to said judging circuit. 11.   A brightness signal/color signal
separating filter constructed and arranged to operate substantially as 10
hereinbefore described with reference to and as illustrated in Figures 1 to
11 of the accompanying drawings. 12.   A television including a brightness
signal/color signal separating filter according to any one of the preceding
claims. 15    




