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This invention relates .to adaptive comb filters and methods

of separating video 'signal components.

Band-pass filters have been commonly utilized f‘or separating
luminance and chrominance signals of, for example, an NTSC composite
¢olour videb signal. However, such band-pass filters when used alone
to effect signal separation are unable to distinguish between

chrominance signals and luminance signals falling within the

chrominance frequency band, typically 3.58 MHz.- + 500 kHz. This

~ effect, commonly referred to as ‘Ycross colour", results in

deterioration of the quality of an image.

Comb filters provide improved luminance and chrominance
signal separation by utilizing the general vertical correlation of
video signals and, in the case of an NTSC or PAL composite colour
video signal, the phase inversion of the chrominance sub-carrier
signal which occurs with every new or every other new horizontal line
of the video signal, respectively. A typical comb filter arrangement
for separating luminance signals (indicated as "¥") and chrominance
signals (indicated as "C") from an NTSC composite colour video signal
{indicated as "Y + C") is applied in Figure 1. The composite colour
video signal (Y + C") is'appl ied to an input terminal 101 of the eo_xqb
filter connected to an input terminal of a delay line (1H) 102 which
is operative to provide the composite colour video signal "Y + C"
delayed by one horizontal line interval at an output terminal thereof.
The "Y + C" signal received at the terminal 101 is also applied to a
firsf: input of a subtracting circuit 103 having a second %nput
connected to the output terminal of the delay line 102. Sincejthe
luminance signal components of successive horizontal lines are¥in-
phase signals which generally possess vertical correlation, e
subtracting cireuit 103 serves to attenuate luminance signal
components of the delayed composite colour video signal Y + C" as it
is provided at an output terminal thereof.

The output terminal of the subtracting circuit 103 is
connected to an input of a band-pass filter (BPF) 104 having a pass
band corresponding with the frequency range of the chrominance signal
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appld edgfi rfoting circuit 107. & delay line 106 has an input connected to
' the input terminal 101 to receive the composite colour video signal “Y
+ C" and is operative to delay the "Y + C" signal by an interval
corresponding to the 6elays introduced by the delay line 102 and the
band-pass filter 104, The delay line 106 provides the delayed
10  composite colour video signal "Y + C" to a second input .of the
subtracting cirecuit 107. Accordingly, the subtracting circuit 107
serves to attenuate chrominance signal components present in the
composite colour video signal "Y + C" and thereby provides a separated
luminance signal component "Y" to an outi)ut terminal 108 of the comb

15 filter.

However, vertical correlation of the chrominance signal is
not always pf-esent. For example, where a change to a complementary
colour occurs in the chrominance signal in a given scanning line, the

phase of the chrominance signal becomes inverted, so that wvertical

20 correlation thereof with the chrominance signal of the preceding
scanning line no longer exists. Not only does this result in the
deterioration of the output chrominance signal, but the luminance
signal “Y" at the output terminal 108 retains portions of the
chrominance signal which otherwise would have been suppressed by the

25 subtracting cirecuit 107, resulting in so-called "dot interference" in
the reproduced video -image.

" " On the other hand, where vertical correlation between
luminance signal.s of suécessive line intervals is lacking, the
chrominance signal from the subfracting circuit 103 possesses a

30 re'sidual-component of thé luminance signal therein. Accordingly, when
this occurs such components may appear at the output of the BPF 104,
resulting in a cross colour effect similar to that encountered in the
use of a band-pass type signal separation technique of the kind
described above. - :

35 To overcome the effects resulting from vertical non-
correlation, it has been proposed in our Japanese Patent Application
No. 88/301762 that vertical correlation of luminance signals in the
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wi t hft he fremqeshcfiltantpg &echriguestenvedd cuichiypwanted effects. Figure 2
illustrates the overall circuit arrangement of the adaptive comb
filter disclosed therein.

5 With reference to Figure 2, an NTSC composite colour video
signal "Y + C" is supplied to an input terminal 1 thereof.. A first
delay line (1H} 2 has an input connected to the terminal 1 and is
operative to delay the composite colour video signal "Y + C" by one
horizontal line interval which it then provides at an output terminal

10 thereof. The output terminal of the delay line 2 is connected to an
input of a second delay line (1H) 3 which is operative to delay the
composite colour video signél "*Y + C" from the output terminal of the
delay line 2 by an additional horizontal line interval which it then
provides at an output terminal thereof. A first subtracting eireuit

15 4§ has two inputs each connected with a respective one of the input
terminal 1 and the output terminal of the delay line 2 and serves to
provide a signal at an output terminal thereof representing the
difference between the input composite colour video signal and a prior
version thereof delayed by one horizontal line interval. & secoﬁd

20 subtracting circuit 5 has two inputs each coupled with a respective
one of the output terminals of the delay lines 2 and 3 and serves to
provide a signal at an output terminal thereof representing the
difference between the composite colour video signals respectively
delayed by one and two horizontal line intervals with respect to the

25 signal at'the input terminal 1.

"Each of‘a'ﬁlurality of BPFs 6, 7, 8, 9 and 10 has a pass band
substantially corresponding to the frequency band of the chrominance
signal component of the composite colour video "Y + C", Each of the
BPFs 6 to 10 has a respective input correspondingly connected to a

30 respective one of the input terminal 1, the output terminal of the
subtracting eircuit #, the output terminal of the delay line 2, the
output terminal of the subtracting circuit 5 and the output terminal
of the delay line 3. A first adding circuit 11 has a first input
connected to an output terminal of the BPF 6 and a second input

35 connected to an ouiput terminal of the BPF 8. & second adding circuit
12 has a first input connected to the output terminal of the band pass
filter 8 and a second input connected to an output terminal of the
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pres n thq,espectwe output terminal thereof representing absolute values of

gignals supplied thereto. The output terminal of the first adding
oircuit 11 is connected to the inmput of the ABS 13, while the output
terminal of the adding eircuit 12 is connected to the input of the ABS
16. Each of a pair of coding circuits 17 and 20 is operative to
. convert signals received at an input thereof to a respective binary
= code (© and (P by comparison of the input signals with a predetermined
2 voltage level. The output terminal of the ABS 13 is connected to the
{nput of the coding circuit 17, while the output terminal of the ABS
16 is connected to the input of the coding circuit 20. Each of the
coding circuits 17 and 20 has an outpixt terminal connected to a
respective input of a logic signal processor 21.

The BPFs 7 and 9 produce respective output signals ®and(¥)
which are pr;oduced in the same fashion as the output chrominance
signal at the output terminal 105 of the comb filter of Figure 1. The
output terminal of the BPF 8 is connected to an input of a further BPF
22 having a pass band similar to that of BPFs used alone without comb
filtering to separate chrominance signals, as first described above.
The BPF 22 produces an output signal Z corresponding to the output
chrominance signal produced by the band-pass filtering technique. A
switching eircuit 24 has a first input terminal 23a connected to the
output terminal of the BPF 7 to received the signal (D therefrom, a
Second input terminal 23b connected to the output terminal of the BPF
9 to received the signal (@ therefrom and a third input terminal 23c
connectéd to an output terminal of the BPF 22 to receive the signal(d)
therefrom. The switching circuit 23 is operative to connect an output
terminal thereof to one of the input terminals 23a to 23c¢ under the
control of the logic signal processor 21.

In addition, the output terminals of the BPFs T and 9 are
€ach connected to an input of a respective ABS 14 and 15 which, like
cireuits 13 and 16, are each operative to produce output signals at an
output termmal thereof representing an absolute value of signals
Input thereto. The output terminals of the ABSs 14 and 15 are each
Gonnected to an input of a respective one of third and fourth coding
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interf aleeeﬂc.e"ﬁn putput terminal of the codmg circuit 18 is connected to an

5 input of the logic signal processor 21 to supply the signal @ °*

thereto, while the coding circuit 19 has an output terminal -connected

to an input of the logic signal processor 21 to supply the logic

signal (0 ' thereto. '

The logie signal processor 21 logically compares the logic

10 signals® ,®', D and@ in accordance with Table I below such that

the switching circuit 23 selects a respective one of the signals(®,

(D and (D in accordance with the signal states indicated in Table I,
wherein a dash represents an indefinite state.

15 TABLE I
® @ @ @ selection of input signals
. by switching circuit 23
0 0 - - ®
20 0 : 3 3 ®
1 0 - - ®
1 1 - 0 ®
1 1 0 1 ®
1 1 1 @
25

The output terminal of the switching circuit 23 is connected

to an ocutput terminal of the comb filter | circuit to provide a
chrominance signal component “C“ of the input composite colour video

30 signal “i + C* thereto. To produce a luminance signal "Y" from the
input composite colour video signal "Y + C", a third delay line 25 is
provided having an input connected to the output terminal of the delay

line 2 and is operative to delay the composite colour video signal at

the output terminal of the delay line 2 by an interval corresponditig

35 to the signal delay produced by each of the BPFs 7 and 9. An output
terminal of the delay line 25 is connected to a first input of a third
subtracting circuit 26 having a second input connected to the output
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video signal *Y + C", and supplies the thus produced luminance signal
5 "Y" to a luminance signal output terminal 27 of the comb filter
circuit. B ,

With reference to Figure 3, the phases of exemplary output.
signals provided by the BPFs 6, 8 and 10 are illustrated therein by
waveforms a, b and ¢, respectively, wherein the waveforms of

10  coincident signals are vertically aligned. Phases of other signals as
well as logic levels of coded signals appearing at respective
terminals of the Figure 2 circuit are also illustrated in Figure 3.
In the example of Figure 3, a phase inversion of the chrominance
signal representing a change to a compleméntary colour is represented

15 by a vertical dashed line in each of the waveforms a, b and ¢. In the
example of Figure 3, the luminance signal is constant.

When the signals represented by the waveforms a, b and ¢ are
supplied as Inputs to the adding circuits 11 and 12, they combine

subtractively to cancel one another so long as their phases are

i 20 inverted. However, upon the occurrence of a colour change as
described above, the phases of these signals on successive lines
coincide so that they combine additively as shown for the waveforms "a
+ b" and "b + ¢" in Figure 3, thereupon resulting in a logic "one"
output by the respective coding circuits 17 and 20 represented by the

25 signalsg®and{)in Figure 3. Conversely, the outputs@and @ provideci
respectively by the BPFs T and 9 from the outputs of the signal
subtracting circuits 4 and 5 are eliminated upon the occurrence of a
colour change.

When this takes place, the circuit of Figure 1 eliminates the

30 chrominance signal components of the horizontal line interval in which
the colour change occurs, resulting in dot interference. To avoid,
this the logic signal processor 21 is operative to contrél the switch
23 so that it selects the signal @at such times that (®,(® ) = (0,
1) indicating that a colour change has occurred between the signals

35 applied to the input terminals of the adding cirecuit 12, so that a
drop-out of the f:hrominance signal *C" is avoided. It will also be
seen from Table I that, upon the occurrence of a colour change between
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production of logic signals (@ ,@®) = (0, 1)}, the signal@ is
selected instead of the signal (), such that chrominance signal drop-
out likewise is avoided at such time. Accordingly, a reduction in the
5 level of the chrominance: signal "C" due to chrominance signal
inversion is thus avoided so that the chrominance signal "C" produced
at the output terminal 24 corresponds to the chrominance signal
component in the composite colour video signal "¥Y + C" ;irovided at the
_output of the delay line 25. Accordingly, a luminance signal "Y" will
10 be provided at the output terminal 27 which is free of dot

interference under these circumstances.

Referring now to Figure 4, the phaées of further exemplary
output signals from BPFs 6, 8 and 10 are illustrated therein by
waveforms a, b and c respectively, where a chrominance signal first

15 appears on a given horizontal line of the composite colour video
signal "Y + C", while the level of other signals together with logic
levels of coded signals appearing at respective terminals of the
Figure 2 circuit are also illustrated in Figure 4. Where a composite
colour video signal having these characteristics is applied to the

20 comb filter shown in Figure 1, a deterioration in the level of the
chrominaﬁce signal supplied by the subtracting circuit 103 occurs as
shown in the case of the signals ) and(® of Figure 4. The result is
a deterioration in the vertical resolution of the image produced with
the use of the signals output by the Figure 1 filter ecircuit.

25 However, in the case of the adaptive comb filter of Figure 2, the
partially attenuated signals(® and (D are rejected thereby such that
vertical resolution is improved under these conditions.

With reference to Figure 5, phases of still further exemplary
output signals from the BPFs 6, 8 and 10 are represented by waveforms .

30 a, b and ¢, respectively, thereof to iilustrate luminance signal
components within the frequency band of the chrominance signal, such
that the phases thereof coincide on successive horigzontal scan lines.
The corresponding amplitudes and states of signals appearing elsewhere
in the circuit o6f Figure 2 simultaneously therewith likewise are

35 illustrated in Figure 5. With reference again to Table I, it will be
seen that the presence of such luminance signals at the output of the
BPF 8 simultaneously with the presence thereof either at the output of
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whenever the signal combination (& ', ®') = (0, 1) (to reject the
residual luminance signal component then present in the sig:nal@ ).
ficcordingly, under the circumstances illustrated in Figure 5, a

R

_ chrominance signal "C" free of such luminance signal components is
f 10 produced at the output terminal 24.

Referring now to Figure 6, outputs from the BPFs 6, 8 and 10
are symbolized therein by the waveforms a, b and ¢, respectively,
which represent the existence of a chrominance signal on only one
particular scanning line, while the level of the luminance signal is

15 simultaneouély constant. The corresponding amplitudes and states of
signals appearing elsewhere in the circuit of Figure 2 simultaneously
therewith likewise are illustrated in Figure 6. It will be seen from
Figure 6 that, whether the signal@or the signal (¥} is selected when
this solitary chrominance signal appears at the output of the BPF 8,

20 a deterioration in the level thereof is unavoidable. Accordingly,
under these circumstances, the chrominance signal () provided at the
output terminal of the BPF 22 is selected by the switching circuit 23,
as will be seen with reference to Table I under the conditions that
®,®,®* and{@ ' all equal a logic "one" level indicating that

25 neither the luminance signal not the chrominance signal possesses
vertical correlation. Under these circumstances, the signal (D is
provided at the output terminal 24 by the switching circuit 23 and 1is
free of the signal deterioration then present in the signals(®) and (@

In summary, the adding cireuits 11 and 12 and the signal

30 subtracting circuits 4 and 5 serve respectively to produce signals
indicating vertical correlation of the luminance signal and of the
chrominance signal, so that signals.which strongly correlate may be

~selected to produce the output chrominance signal "C". On the other
hand, when the signals do not correlate satisfactorily, the output

35 from the conventi:)nal BPF eircuit is instead selected to produce
luminance and chrominance signals of high qﬁality.

With reference now to Figure 7, wherein elements
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respfcti ve one of the input terminal 1, the output terminal of the

subt gacting Glgrebddonding! B tisePub&atbddh FQfudd® td8) A¥elJale réreddn@e OUL pUL
ternmgnal of the subt ragktzld_r&g Ci.rcuit
|

el A f imiBeralda gt aiee Bireste tH has o 1o doo honmeeber b8 A out P
gnal of tduepidPefmimall of siec BRE 9 ppUiecfve tloshgrileY therafromudmaiui
termpnal of 'QRqRE g CoRBEORA 8 Uk Whefld Ellalind? 0B heaid 75to HBRAIVe
conngcted to 2oufPut term nar of the ban Pass
5 the signal X therefrom. The adding circuit 28 is operative to provide
an output signal W in accordance with the following relationship:
® = (@+D)2 = [(b-a) + (b-c}}/2 ees (1)
Accordingly, the adding circuit 28 produces a signal (§) based on the
cobrelation of three horizontal scan llnes and corresponding to the
10 output of a so-called 2H comb filter. An output terminal of the
adding circuit 28 is connected to a fourth input 23d of the switching
circuit 23, :
In the adaptive comb filter of Figure 7, a modified logic
signal processor 100 is operative to control the operation of the
15  switching eircuit in accordance with the logie signals®, @, @' and
(D * input thereto in accordance with Table II below, wherein the logic
signal states are expressed in the same manner as in Table I: .

TABLE II
20
® R Y owitehing circuit 23
0 0 - - ®
o 1 - - @
25 1 0 - - . ®
1 1 - 0 @
1 1 1 ®
1 1 1 @

30 - 'With reference to Table II, it will be seen that, when signal
correlation 'is present between the signals appearing on the three
éuccessive horizontal scanning lines represented by the waveforms a,
b and c¢, the logic signals (§) and §)assume a low or "O" logic level

"such that the signal ®)at the output of the adding circuit 28 is

35 selected by the sw_i‘tching eirecuit 23. Under the remaining conditions
listed in Table 1I, the selection of the input signals by the
switching circuit 23 corresponds to that of the Figure 2 adaptive comb
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waveforms a, b and ¢ appearing at the output terminals of BPFs 6, 8
and 10, respectively, are illustrated therein where a complementary
colour change resulting in a phase inversion occurs at successively
later intervals differing by one-half of the colour sub-carrier
wavelength from line to line at the output terminals of the BPFs 6, 8
and 10. The corresponding amplitudes and phases of signals appearing
elsevhere in the eircuit of Figure 7 therewith simultaneously likewlse
are illustrated in Figure 8. Under these circumstances, the signal®
is selected except at such times that the signals of two successive
lines correspond in phase, whereupon either the signal¢f or the signal
@ is selected to avoid the concurrent deterioration in the level of
the signal W. Accordingly, in the adaptive comb filter of Figure 7,
when the signals a, b and ¢ from successive horizontal scan lines
exhibit good correlation, the adaptive comb filter acts as a 2H comb
filter which provides superior separation of the chrominance signal.
When the chrominance signal derived in this manner is subtractively
combined with the composite colour video signal "Y + C" .in the
subtracting cireuit 26, dot interference can be reduced by 6 dB, thus
providing improved image quality.

In the adaptive comb filter circuits of Figures 2 and 7, the
coding circuits 17 to 20 compare the input absolute value signals with
a predetermined voltage level. In the event that the levels of tl_le
input signals change, the coding circuits 17 to 20 may be ineffective
to encode properlfr the input signals if the level thereof does not
reach the predetermined voltage level. If the predetermined voltage
level is reduced in an attempt to enable proper encoding of weaker
signals, the probability that noise present in the input signal will
interfere with proper operation of the adaptive filter circuit is
increased. .

According to the present invention there is provided an
adaptive comb filter for separating at least one component of a video
signal, the filter comprising: _

a filter input terﬁinal for receiving said video signal;
first and second signal delay means for delé.ying signals supplied to
respective input terx_ninals thereof and providing respective delayed

of the
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‘erm ned voltage level. The output term nal of the ABS 13 is connected
e input of the coding circuit 17, while the output term nal of the ABS
connected to the input of the codlng circuit 20. Each of the coding
ts 17 and 20 has an -out put term ndl connected to a 15 respective

of a logic signal processor 21. The BPFs 7 and 9 produce respective
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§ first and second signal subtracting means for each producing output
difference signals at a respective output terminal thereof
representing a difference between signals supplied to a respective
plurality of input terminals thereof, first and second input terminals
of the first signal subtracting means each being coupled to a

10 respective one of the input and output terminals of said first signal
delay means and first and second input terminals of the second signal
subbracting means each being coupled to a respective one of the input
and output terminals of said second signal delay means;
first signal adding means for producing a summation signal at an

15 output terminal thereof representing a summation of signals received
at first and second input terminals thereof, said first and second
input terminals of said first signal adding means being respectively
coupled with said output terminals of said first and second signal
subtracting means;

20 first switching means for selectively providing one of a plurality of
input signals received at respective input terminals thereof to an
output terminal thereof, said first switching means having first and
second input terminals respectively coupled to said output terminals
of said first and second signal subtracting means, a third input;

25 terminal coupled to the output terminal of said first signal adding
means and a fourth input terminal coupled to the output terminal of
said first signal delay means, the output terminal of said switching
means being operative'to provide a first component of said video
signal; '

30 second and third signal adding means for each producing a summation
signal at a respective output terminal thereof representing a
summation of signals received at respective first and second input
‘terminals thereof, said first input terminal of each of said second
and third signal adding means being coupled to the output terminal of

35 said first signal éelay means, said second input terminal of said
secqﬁd signal adding means being coupled' to said filter input
terminal, and said second input terminal of said third signal adding
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o0 REPE .
fhance signal produced by the band-pass filt&gden We. A
switghing circuit 24 has a first input term nal o the 25
t terminal of the BPF 7 to received the sim‘m erefrom a
Ofgd i nput term nal 23b connected to ng out put m nal of the BPF 9 to

ved the signal [err] therefromand'& third input term nal 23c
cted to an output termnal of the BPF 22 to receive the signal [err]

from Th ' I | i | ' GRANMACS i pRR1 (e Ryt 30
nal the’?’%&%vwf%ﬁgnéyggéé Eg #ﬁﬁtwﬁegﬁg%isngggﬁogwc ung?i‘er thgycontrol
e | ogi cm¢angial processor 21. In addition, the output termnals of the

/ la_ng Orist 8as hs@eaﬂ@gms@cﬂuseo valud ﬂ:@é‘ﬁs @br ceacBSpRAleMg ABSoubpuand 15
o L afbm D Foe b SR oot Sk AR, o .
gnal§ absolute value of a signal received at a respective input terminal
thereof, the input terminals of said first and second absolute value
means being respectively coupled with the output terminals of said
second and third signal adding means, respectively; and
controlling means for controlling the selective provision of input
10 signals by said first switching means to its output terminal based
upon a relative value of the output signals produced at the output
terminals of said first and second absolute value means.
According to the present invention there is also provided an
adaptive comb filter for separating at least one component of a video
15 signal, the filter comprising:

a filter input terminal for receiving said video signal;

first delay means for delaying said video signal by a first interval
to produce a first delayed video signal;

second delay means for delaying said video signal by a second interval

20 to produce a second delayed video signal;
first difference means for producing a first difference signal
proportional to a difference between said video signal and said first
delayed video signal;
second difference means for producing a second difference sigpal

25 proportional to a difference between said first delayed video signal
and said second delayed video signal;
first summing means for producing a first summation signal
proportional to a summation of said first difference signal and said
second difference signal; _

30 first signal selecting means for controllably selecting one of said
fiist diffeéence signal, said second difference signal and said first
sumnmation signal as said at least one component of said video signal;
second summing means for producing a second summation signal

-.probortional to a summation of said video signal and said first

35 delayed video signalj
third summing means for producing a third summation signal
proportional to a summation of said first delayed video signal and



ERY IV

ereto. The output termnals of the ABSs 14 and 15 are each
ed to an inpyt of a respective one of third and fourth coding 5
ts 18 and 19 each of which is operative to convert the absolute val ue

gial received thereby to a respecti\{$ binary code[err]' and[err]' by
paring the absolute value signal with

a predeterm ned voltage level. An
but termnal of.the coding circuit 18 is connected to an 5 input of the

E C Si gnahidsee6RE Ablaybdt Wides i kyall;hgni gnal [err]’ thereto, while the

ng circuit ut_termnal connected to an input of the logic

L al pr o@@%@'&igfggrfs%a%ﬁgﬁ r?JnlElngO & selection of one of said first

difference signal, said second difference signal and said first

summation signal by said first signal selecting means based upon
5 relative magnitudes of said second summation signal and said third

summation signal. _ )

. fAccording to the present invention there is also prdvided a:

method of separating a chrominance signal from a composite colour

video signal, the method comprising the steps of :

$0 delaying said composite colour video signal by a first interval to
produce a first delayed video signal;
delaying said composite colour video signal by a second interval to
produce a second delayed video signal;
producing a first‘ difference signal proportional to a difference

15 between said composite colour video signal and said first delayed
video signal;
producing a second difference signal proportional to a difference
between said first delayed video signal and said second delayed video
signal;

20 producing a first summation signal proportional to a summation of said
first difference signal and said second difference signal;
producing a second summation signal proportional to a summation of
said composite colour video signal and said first delayed video
signal;

25 producing a third summation signal proportional to a summation of said .
first delayed video signal and said second delayed video signal; and
selecting one of said first difference signal, said second difference
signal and said first summation signal as said chrominance signal

~ based upon a comparison of relative magnitudes of said .second

30 summation signal and said third summation signal.

In accordance with an aspect of the present invention, an
adaptive comb filter for separating at least one component of a video
'signal comprises a filter input terminal for reeeiviné said video
signal; first and second signal delay means for delaying signals

35 supplied to respective input terminals thereof and providing the
delayed input signals at respective output terminals thereof,” the
input terminal of the first signal delay means being connected to said
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thereto. The logic signal processor 21 I%@W conpar es the

S|gnals[err] , [err]" ,[err]" and I n accojy ‘E‘ﬁ‘ﬁi‘fﬁd
y such that the switching ci rcuit 23 selects a resp
|l s[err], [err] and [err] in accordance with the SI
gated in Table |, wherein a dash repfesents an indefinite state.
L | [err]. [err] [err] [err] selection of input signals by svmtchl ng
20 filter dlnput _tlemina_l_ and the oullptexrtéhlﬂrginal og‘ 1the f_i;st si-gaal
delay means being connected to the input terminal of the second signal
delay means; first and second signal subtracting means for producing
output difference signals at respective output terminals thereof
5 representing differences between signals supplied to respective first
and second input terminals thereof, the first and second input
terminals of the first signal subtracting means being connectéd to the
input and output terminals, respectively, of the first signal delay
means, the first and second input terminals of the second signal
10 subtracting means being connected to the input and output terminals,
respectively, of the second signal delay means; first signal adding
means for producing a summation signal at an output terminal thereof
representing a summation of signals received at first and second input
terminals thereof, the first and second input terminals of the first
15 signal adding means being respectively coupled with the output
terminals of the first and second signal subtracting means,
respectively; switching means for selectively providing one of a
plurality of input signals received at respective input terminals
thereof to an output terminal thereof, the switching means having
20 first and second input terminals coupled with the ocutput terminals of
the first and second signal subtracting means, respectively, a third
input terminal connected to the output terminal of the first signal
adding weans and a fourth input terminal connected to the output
terminal of the first signal delay means, the output terminal of the
25 switching means being operative to provide a first component of the
video signal; second and third signal adding means for producing
summation signals at respective output terminals thereof representing
summations of signals received at first and second input terminals of
the respective signal adding means, the first input ferminals of the
30 second a{nd third signal adding means being cofnnected to the output
terminal of-the first signal delay means, the second input terminal of
the second signal adding means being connected to the filter input
. terminal, and the second input terminal of the third signal adding
means being connected to the output terminal of the second signal
35 delay means; first and second absolute value means for producing
output signals at respective output terminals thereof representing
absolute valugs of signals received at respective input ternﬁnals




: 0 1 [err] 1 1 1 1 [err] 25

dt put termnal of the switching circuit 23 is connected to an out put

p nal of the conb filter circuit to provide a chrom nance signa

fponent "C' of the input conposite | our video 30 signal "Y + C'

i To produce a l'um nance sign "Y' fromthe input conposite col our
eo signal "Y + C', a third delay line 25 is provided having an input

nect ed Lo, 13g. %pgﬁ put CEdFn 1s0£ftéa§ ielsRYarld! Bbeofa UMbl FePRELG | Ve 1O

fay t he rrposHe col'our video si rm nal t he del ay

e 2 by msnb@r“&awnéé?*reés%ﬁm RY E}é‘/ te'?“én%lﬁe"%it &rcend agd shéeiced by

h of theg;gidhs chﬁﬂd QteansAn PeHpRUtive®y T @Al QbntroelliR) apedrsnerdd is

nected to tro?lﬂng the g&ecg ve prov1sf|on of input signals by the switehing

5 means to its output terminal based upon a relative value of the output
signals produced at the output terminals of the first and second
absolute value means.

In accordance with another aspect of this invention, an

adaptive comb filter for separating at least one component of a video

10 signal comprises a filter input terminal for receiving said video
signal; first delay means for delaying the video signal by a first
interval to produce a first delayed video signal; second delay means
for délaying the video signal by a second interval to produce a second
delayed video signal; first difference means for producing a first

15 difference signal proportional to a difference between the video
signal and first delayed video signal; second difference means for
-producing a second difference signal proportional to a difference
between the first and second delayed video signals; first summing

means for producing a first summation signal proportional to a i

20 summation of the first and second difference signals; first signal
selecting means for controllably selecting one of the first difference
signal, the second difference signal and the first summation signal as. '
the at least one component of the video signal; second smﬁming means 1
for producing a second summation signal proportional to a summation of.

25 the v1deo signal and the first delayed video signal; third summing
means for producmg a third summation signal proportional to a
summation of the first delayed video slgnal and the second delayed i
video signal; and control means for controlling the selection of one

of the first difference signal, the second difference signal and the

30 first suimuat;ion signal by the first signal selecting means based upon
relative magnitudes of said second and third summation signals. 3

In accordance with a further aspect of this invention, a |

method of separating a chrominance signal f'rbm a composite colour
video signal comprises the steps of delaying the composite colour
35 video signal by a f‘irst interval to produce a first delayed video
signal; delaying the composite colour video signal by a second
interval to produce a second delayed video signal; producing a first
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syptracting circuit 26 having a second input connected to the out put 6
t'minal 24. The subtracting circuit 26 is opd ﬁbe dﬁ@e t he

| UM nance signal "Y' by subtracting the output ignal "C
supplied at the output termnal 24 fromthe de e col our video
signal "Y + C', and supplies the thusyproduced Iuntnance 5| nal 5 "Y' to

‘um nance S|gnal output termnal 27 of the conb filter circuit. Wth
reference to Figure 3, the phases of exenplary output signals provided by
BPFs 6differeficel Bigiaa pddpustivaidot Qi efdrehide between the composite

colour video signal and the first delayed video signal; producing a

second difference signal proportional to a summation of the first and

second difference signals; producing a first summation éignal

5 proportional to a summation of the first and second difference

! signals; producing a second summation signal proportional to a

summation of the composite colour video signal and the first delayed'

video signal; producing a third summation signal proportional to a

sugmation of the first and second delayed video signals; and selecting

10 one of the first difference signal, the second difference signal and

the first summation signal as the chrominance signal based upon a

comparison of relative magnitudes of the second and third summation
signals.

The invention wili noWw be described by way of example with
15 reference to the accompanying drawings, throughout which like parts
are referred to by like references, and in which:

Figures 1, 2 and 7 are circuit block diagrams of examples of
previously proposed comb filters for separating luminance and
chrominance signal components of an NTSC composite colour video

20 signal;

Figures 3 to 6 and 8 are waveform diagrams referred to in
connection with Figures 2 and T7;

Figures 9 to 11 are respective circuit block diagrams of
first to third embodiments. of adaptive comb filter in accordance with -

25 the present invention for separating the luminance and chrominance
signal components of an NTSC composite colour video signal;

Figure 12, comprising Figures 124 and 12B, is a circuit block
diagram of a fourth embodiment of adaptive comb filter in accordance
with the present invention for separating luminance and chrominance

30  signal components of an ﬁTSC composite colour video signal;

Figures 13 and 14 are waveform diagrams referred to in

connection with Figure 12; '

canims - RGBS, wBFON N

Figure 15, comprising Figures 154 and 15B, is a circuit block
diagram of a fifth embodiment of adaptive ¢omb filter in accordance
with the present invention for separating luminance and chrominance
signal components of an NTSC composite eolour video signal;

" Figure 16, comprising Figures 164 and 16B, is a circuit block

35




veforns a, b and c, respectively, wherein the waveforns of 10
i nCi dent signals are vertically aligned. Ph eey HarBelyeRepategnal s as wel |
|l ogic | evels of coded signals appearing a rmnals of the

gure 2 circuit are also iIIustrateq?in Fi gur npl e of Figure

3§ a phase inversion of ‘the chrom nance signal representing a change to a
inpl ementary col our is represented 15 by a vertical dashed line in each
t hle wavdifa@ds of, ahsixet eﬁnbodi_ni&nﬁ lhﬂ‘ BEDERVE cBibb I?ngxﬁ is, adda]?dinwi nange |

gnal is s{.an n ignal s represente t v [ a, an

are supp ?’gd&%s &’rﬁ%%'t%s hEvc?%P g"é‘ gﬁ'&isﬁﬁa'%it?% irlf’gg'ﬂx’%r?@slg;ﬁ‘ﬁg?&%onbi ne

bt r act i vailgpal coppensaks fea FHbt ¢raposide| enlguayidémisigyigses are 20

verted.  HOVeVEiguridBORy thE20CEHE I Rlvefordl dlagtdtlsOWerati@ddfodndescri bed

ove, the phases o _&Pese S|Hpals on successive |ines
& connection with Figure 16; and
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Figure 21 is a waveform diagram of input colour video signals

illustrated in Figure 20. :

In the first embodiment of adaptive comb filter, shown in

Figure 9, first to fourth low-pass filters (LPFs) 31 to 34 are each

10 operative to attenuate high frequency components of signals sgpplied

at a respective input terminal thereof and having a filter

characteristic selected as:

(1+227) +« 22) /4 cee (2)

where Z represents the sampling cycle. The output terminals of the

15 absolute value generating circuits (ABSs) 13 to 16 are each connected

to the input terminal of a respective one of the LPFs 31 to 34. the

LPFs 31 to 34 are each operative to produce a respective correlation

signal x, X, Y and y at a respective cutput terminal thereof. Each of

the ocutput terminals of the LPFs 31 to 34 is connected to an input of

20 a signal correlation comparator 35. the correlation comparator 35 is

operative to compare the signéls x, X, Y and y supplied thereto for

controlling the selection of the input signals® ,(®,(Dand(@Dby the

switching circuit 23. To do so, the correlation comparator 35

compares the relative magnitudes of the correlation signals x, X, Y,

25 y and-determines the selection of the input to the switching cireuit

23 in accordance with the relationships of the input correlation
signals set forth in the left-hand column of Table III below.

TABLE 111
30 ﬁelationship of - input Selection of input
correlation signals ' signals by switching

circuit 23

y > 2x : | ®

y < 3x ®

ly < x < 2y and 3Y € X < 2Y
35 and %, ¥, X, ¥ » 0 and X < 2x ®
and Y < 2y '
Cases other than those ®
described above

e e i emm + pem e L



ncide so that they conbine additively as shown for the waveforns "a + b"
""b + ¢" in Figure 3, thereupon resulting in a |logic "one" *output by the
refpective coding circuits 17 and 20 represented by the 25 signal s[err]
ang- [err]in Figure 3. Conversely, the outputs [err] and [err] provided
re§pectively by the BPFs 7 and 9 from¥he out puts of the signal subtracting
cigcuits 4 and 5 are elimnated upon the occurrence of a col our change.

Whgn this takes plagce, _the cirgui f e le I nates th

chiformi nance si gnal ilgo son%ﬁ?ﬁs"%&%"ﬁ@ F‘u E] % %1’& inrﬂ"é?%/ré%l%%o\ﬁhi ch the
colfour charfyequantdy s extatsulhetueeni rthaotsigtmhrberaadce. igcmlénu,y.t lss the

| odi c si gnaindﬁ&’c‘éﬁsingr‘ragie'ﬁloi)&rv@t e & r@ﬂ{tﬁfae” g?th%ﬂ that it

selgects the si such tinmes t ) (0, 1)
i ndi cati ng ‘tﬂ‘?ﬁ%"’%{ec “t&'ﬂ]an'd@ Auktohing cipepifet %ltﬁﬁai@“t
5 signal X . Furthermore, it has been observed that when 1/2y £x<2y

and 1/2Y < X < 2Y, generally the chrominance signal exists only on one
scanning line. In that case, when in addition the correlation signals:
X, y; Xand Y £ 0 and X < 2x and Y < 2y which ensures a sufficient
signal level, the signal @ is selected by the switching cireuit 23
10 under the control of the correlation eomgarator 35, 1In all other
cases, it is found that the correlation of the input signal is
sufficiently high, so that the signal® is selected.
Since the correlation comparator 35 compares the relative
magnitudes of the correlation signals x, X, Y and y for determining
15 whether non-correlation exists therebetween, this determination is
unaffected by a change in the absolute levels of the correlation
signals, thus enabling the Figure 9 .embodiment reliably to separate
the luminance and chrominance signal components “Y" and "C" despite
such variations in signal levels.
’ 20 In the adaptive comb filter of the Figure 10 embodiment, ABSs
36, 37 and 38 are each operative to produce signals at a respective
output terminal thereof proportional to the absolute value of
corresponding signals received at a respective input terminal thereof.
The input of the 4BS 36 is connected to the output terminal of the ABS
és 6 to received the sxgnal "*a" therefrom and provides an absolute value
signal (a{ at its output terminal which connected to an input of a
signal correlation comparator 110. The input of the ABS 37 is
connected to the output of the BPF 8 to received the signal "b"
therefrom and provides an absolute value signal {bf at its -output
30 terminal -whiph is connected to a further input of the cortelation
corupérator 110. The input of the ABS 38 is connected to the output
terminal of the BPF 10 to receive. the signal "e" therefrom and
provides an output signal {c{ at its output terminal which is
connected to a further input of the correlation comparator 110. The
35 correlation comparat«;r 110 is operative to control the selection of_
the input signals@®, ® , ®and Dby the switching circuit 23 based
upon the signals x, y, (g_(__ ' { b{ and jc{ to effect the selection of

T




applied to the input termnals of the adding circuit 12,

but of
Tabl e |

si gnal

I nance

| s supplied to the adding circuit 11,

so that a

the chrom nance signal "C' is avoided. It will also be seen

that, upon the occurrence of a col our change between

7 the

resulting in the production of

s ([err],[err]) = (0, 1), tiBe signal[err] is selected instead
e signal [err], such that chroninance signal drop- out likew se is

ed at such tine. Accordln g a reduction in the 5 | evel of

#iishingapireutt @dair perRsdanemwith thes

féﬁegﬁa?ut" siengds by b

ed so timputt berrehavrinnatgml sreiadlonshipPreagrsd38d in the left-hand

column of Table 1V belom.

TABLE IV

Relationship of input

Select
correlation signals lon of 1np ne

signals by switching
circuit 23

Yy > 2x ®

10

Y < ix ) ®

by < x € 2y lal + {e] < 4[] @

In other cases ®

15

20

25

As in the case of the Figure 9 embodiment, the adaptive comb
filter of Figure 10 is operative to select the signal(@)as the output
chrominance signal component "C" whenever y > 2x, and is operative to
select the signal@as the output chrominance signal "C!" whenever y <
1/2114. It has been observed that when 1/231 £ %X € 2y either the signal
correlation is higher than a predetermined level or else non-
correlation exists. Under these conditions, it has been observed that
when fa{ + {e{ € (b, the chrominance signal generally exists only on
one scanning line, that is, at the output of the BPF §. In accordance
with this observation, and in order to minimize the effects of signal

noise, the correlation comparator 110 is operative to cause the.

suitching eircuit 23 to select the imput signal (Z)when both 1/2y <x

L2y and {3 + el & 1!2 ibl . 1In all other cases, when the signal

30

35

correlation exceeds a predetermined level, that is, when 1/2 < x <2y,
the signal@is selected by the switching 23 circuit under the control
of the correlation comparator 110.

As. in the case of the Figure 9 embodiment, the adaptive comb
filter of Figure 10 is capable of provided reliable separation of
luminance and chrominance signal components from the -input composite
colour video signal déspite changes in the absolute levels of the
input video signal, since the correlation comparator 110 compares the
relationship of the absolute values of the signals a, b and c. In
addition, since the selection of the band—pass filtered chrominance
signa.1@1§~ conditioned upon the relationship Ja{ + (c| < 1/2 tb{ »
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the output termnal. 24 corresponds to the chrom nance signal conponent
"t he conposite colour video signal "Y + C' provided at the output of the
tay line 25. Accordingly, a lum nance signal "Y" wll 10 be provided
_ the output termnal 27 which is free of dot interference under
ese circunstances. Referring now t FOF| gure 4, the phases of further

enpl ary output signals from BPFs 6, 8 and 10 are |IIustrated t herein by

veforms a, es ti ere a,c | f| st 15
pears orthe @”96?%’&3?1 zg‘?ﬁ% ¥‘ %gap\’\?v? h%WBOR%fS% %u?{@ 3e063| gnal "Y
C', whi Ianbbhﬂndne\ndllloérronmlys sefleak <he dgadpass vi‘niwﬁrleégﬁisna u¢ of coded

sifgnal s DS R0 18 b GEREELLIr bl " HeBorltnk e £} 0y ndocdstty it ar e al 90
i 1§ ustrate ure nposite col our videq signal haV|ng t hese
ract er|mqvége|§ovgpp$§ eﬂlf:.gripgeeircuitry for removing noise from the
% output signals provided by the absolute value gemerating circuits 36,
37 and 38 in the Figure 10 embodiment, so that the circuitry thereof
can be considerably simplified.
In the embodiment of Figure 11, BPFs 6 to 10 of the Figure 10
embodiment have been eliminated and in place thereof a single BPF 39
10 is utilized having the same characteristics as those of the BPFs 6 to
10. An input terminal of the BPF 39 is connected to the imput
terminal 1 and an output terminal thereof is connected to respective
inputs of the delay line 2, the subtracting circuit 4 and the adding
circuit 11 to supply the band-pass filtére_d composite colour video
15 signal "a® thereto. Since the luminance signal components of the
signal at the output terminal of the delay line 2 have been largely
eliminated by the BPF 39, a further delay line 40 operative to delay
signals received at an input terminal thereof by one horizontal line
period delay of the composite colour video signal “Y + C* provided by
20 the delay line 2 in the preceding embodiments. Accordingly, the input
of the delay line 40 is connected to the input terminal 1 to receive
the composite colour video signal "Y + C" and an output terminal
thereof is connected to the input of the delay line 25, It will be
appreciated that the adaptive comb filter of Figure 11 is further .
25 simplified with respect to that of Figure 10.
"In the embodiment illustrated in Figure 12, BPFs 121, 122 and
123 having the same characteristics of the BPFs, 6 to 10 of the Figure
10 embodiment are- providéd. An input of the BPF 121 is connected to
the input terminal 1 and an output ‘terminal thereof is connected to a

30 respecti(re input terminal of each of the signal subtracting circuit y,
'the adding ecircuit 11 and the ABS 36. The input of the BPF 122 is
connected to the output terminal of .the delay line 2 and an output
terminal thereof is connected to a respective input terminal of each
of the shbtracting eircuits 4 and 5, the adding circuits 11 and 12 and

35 the ABS circuit 37. ‘The input of the BPF 123 is connected to the
output terminal of the delay line 3 and an output terminal thereof is
connected to respective inputs of each of the signal subtracting
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conb filter shown in Figure 1, a deterioration in the |evel
hroh nance si gnal

‘gn- the case of the signals [err]
eterioration in the verti cal

f*the signals output by the Figureell filter circuit. 25
ase of the adaptive conb filter of Fi gure 2,

I d '
11 o carebider tenpbeRecr{reb o 12

10

15

20

25

30

35

further eraepémbogimetitp oif i‘ug:rabstz rairspt heclBiPes 6, haizentalO are
present ed wav
ill | ust r af¥™ Ieg%tiﬁgngégécﬁrﬁéolo@ig S%ecﬁ?g W t g

hr omi natmezsn'gﬂaboﬂ'séleﬁcnh%ﬁ 19%@39%%@%1%“&&9?@?% A Wccessi ve
ri Zont gl rontAthde! $1gPal frequency band of the composite colour video signal

of the
supplied by the subtracting circuit 103 occurs as shown

and [err] of Figure 4. The result is a
resol ution of the inmage produced with the use
However, in the |
the partially attenuated

d there ch that vertical resol ution

and; the ?é? 3BEnce to Figure 5, phases of

‘f‘:ﬁk h éﬁé&ft
k?rgléugﬁcﬁ d of the

“Y 4+ C". The horizontal correlation detecting logic circuit-includes
an exclusive-OR gate 51 having a first input S1 connected to the’
output terminal of ttxe adding circuit 11 and a second input S2
connected to the output terminal of the adding circuit 12. An output
terminal of the exclusive-OR gate 51 is comnected to an input of a one
sample cycle delay cirouit (D} 52. An output terminal of the delay
circuit 52 is connected to an input terminal of an OR gate 53 and the
input of the delay circuit 52 is connected to a second input of the OR
gate 53. An output terminal of the OR éate 53 is connected to an
input of a further delay circuit (D) 54 which also provides a one
sampling cycle delay, and an output terminal of the delay circuit 54
{s connected to an input of a still further delay ecirecuit (D) 55
providing a further one sampling cycle delay. A NAND gate 56 having
three inputs is provided such that its first input is connected to the
output terminal of the OR gate 53, its second input is connected to .
the output terminal of the delay circuit 54 and its third input is i
connected to the output terminal of the delay circuit 55.

The output terminal of the delay circuit 52 is also connected ;
to an input of another delay circuit 57 which provides a one sampling . ' _ ‘
cycle delay and has an output terminal connected to an input terminal
of an exelusive-OR gate 58. . The second input of the exclusive-OR gate
58. The second input of the exclusive-OR gate 58 is connected to the
input of the delay circuit 52. Still another delay circuit (D) 59
providing a one sampling cycle deiay has an input connected to the :
output terminal of the exclusive-OR gate 58 and an output terminal ' |
connected to an inp\_lt of another delay cireuit (D) 60 providing a
further one sampling cycle delay. A -three input NOR gate 61 has its
first input connected to the output terminal of the exclusive-OR gate _
58, its second input comnected to the output terminal of the delay
circuit 59 and its third input conpected to an output terminal of the [
delay circuit 60. A two input AND gate 62 has its first input
connected to the output of the NAND gate 56 to receive an output
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orrespondi ng anplitudes and states of signals appearing el sewhere in

theXcitcuit of Figure 2 sinmultaneously therewith |ikew se are 35

ill @strated in Figure 5. Wth reference again to Table I, it will be seen
that§ t he presence of such |um nance signals at the output of the BPF 8

Si taneously with the presence therexd either at the output of 8 the

or 10 results in a logic signal conbination ([err], [err] ) = (1, 1),
upon the signal [err] supplied by the BPF 9 is selected by the
swi tichi ng ckignailt P23hednsneny candt [iés séeponé ¥hput cGanecbed efeechhet butpwsi dual

lunifnance sigRfhaf YFPONERbR GRBE 61T & bbdeiNE G3CRItphE 18Rafi@BRérerrom.
The embodiment of Figures 12 further includes a signal ‘

correlation comparator 120 having inputs each connected with a |

5 respective one of the output terminals of the LPFs 31 and 34 and of ‘
the #BSs 36, 37 and 38 to receive the signals x, y, (a{,{bj and {d,
respectively, therefrom. The correlation comparator 120 has a further
input connected to-an butpnt terminal of the AND gate 62 to receive an
output signal o therefrom. The correlation comparator 120 is

10  operative to control the selection of the input signals(® , (©,(D and
@ by the switching circuit 23 in accordance with the correlation

signal relationships expressed in the left-hand column of Table V !
h below. 4
TABLEV .=
15 ' ;
Relationship of input Selection of input :
correlation signals signals by switching : 11
circuit 23 '
Yy > 2x ® . |
y < @ .
20 laf + le] < ¥]v| @ *
ty € x 2 2y
and @ = 1
In other cases ® . ;

With reference to Table V, in the embodiment of Figures 12,
25 1like that of Figure 10, the correlation comparator 120 is operative to
control .the 'switch-ing eircuit 23 to select the input signal @) when y
> 2%, and is operative to control the switehing circuit 23 to select
the signal{@when y< lfzx. When either the correlation is higher than
the predetermined level or non-correlation exists, such that 1-/2y £x
30 < 2y, the correlation comparator 120 controls the switching circuit 23
to select either the signal(@ or the signal(®. As in the case of the
Figure 10 embodiment, a condition for the selection of the signal(®is
that {af + jcf < 112(1::1, indicating generally that the chrominance
signal exists only at the output of the BPF 122. The second condition
35 for the selection of the signal Z is thate<= 1 indicating the absence
of horizontal correlation, which is explained below in connection with

the examples of Figures 13 and 14.
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[err] ), whereas the signal [err] is selected by the switching circuit
smhenever the signal conbination ([err]',[err]') = (0, 1) (to reject the
| um nance signal component then present in the signal[err]).

under the circunmstances illustrated in Figure 5 a chroninance
nal "C' free of such .luninance sig&al conponents is 10
Pput term nal 24. F@ferrlng now to Figure 6, outputs fromthe BPFs 6, 8
10 are synbol | zed erein b the waveforms a, b and c, respectively,
ch represent t4ﬁ§ efP E

ti cul arepeaent rn;gha!meappdarhtg hha;hbeuﬁlpubftetﬁmahslmmammss gtlzaL is 15

i dual
ordi ngly,

FTERCS T O FIBIRE 2l c VRVRAOEES oAs ORI §7
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5

10

15

20
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35

ec rcul S| mu

the signals a + b (supplied to the input S1 of the exclusive-OR gate
51) and b + ¢ (supplied to the input S2 of the exclusive-OR gate 51)
supplied respectively by the adding circuits 11 and 12 will appear as-
shown in Figure 13, The signals S1 and S2 are sampled at the points
indicated by the oross marks superimposed on their {llustrated
waveforms, so that the output 51 @ S2 of the exclusive~OR circuit 51
will have the logic values indicated in Figure 13 beneath the waveform
82 in correspondence with each pair of sampling points. Since the
output of the exclusive-OR gate 51 alternates between logic "1 and
"O" levels with each successive sampling interval, the output of the
OR gate 53 remains at a logic ™" level so long as the signals a, b
and ¢ continue as shown in Figure 13. Accordingly, the output P of
the NAND .gate 56 at the same time will remain at a logic “0" level.

Referring to Figure 14, the waveforms a, b and ¢ represent
luminance signal components having a frequency of approximately 6 MHz.
The signals 81 and S2 corresponding to the outputs a + b and b + ¢,
respectively, produced by the adding ecircuits 11 and 12 are
illustrated in Figure 14 wherein signal sampling points are
represented by open ecircles superimposed on the waveforms of the
signals S1 and S2. ‘The S1 and S2 signal waveforms of Figure 14
represent "0" levels at points beneath the horizontal axis thereof and
represeni logic nin leyvels at points on or above the horizontal axis.
The logic level outﬁut 81 ® 82 produced by the exclusive-OR gate 51,
accordingly, assumes the values indicated beneath the waveform S2 in
correspondence with each pair of the sample signals S1 and S2. It
will be Seen_from the illustrated values of S1 (® S2 as shown in
Figure 1% that, so long as luminance signal components having the
eﬁarécteristics represented by the waveforms a, b and ¢ as shown in
Figure 14 are provided at the inputs of the adding circuits 11 and 12,
the output signal Q from the NOR gate 61 will remain at a logic "O"
level, o

It will be seen that, under the conditions illustrated in
Figures 13 and 14, the output signal supplied by the AND gate 62 is
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Fi@re 6 that, whether the signal [erf] or the signal [err] is selected
wh tthis solitary chrom nance signal appears i Reftced he BPF 8,

! : ) ; . SOLG: 1V BRU R
20 a deterioration in the |level thereof is un ordi ngly,
un@er these circunstances, the chrom nance signgn E&L ed at the
outfput term nal of the BPF 22 is sele?Eed by the t cuit 23, as
w I§l be seen with reference to Table under the conditions that [err],

[egr], [err]'" and [err]' all equal a logic "one" level indicating that 25
neift her. _thﬁ.ahl,w&ngmge 1SR nE0hedd1Casd) RIENAd¥ePertledtR TaPRS T6sbR08, Ver ti cal
cogrel ati on. nder these circunstances, the signal [err], is provided at
t hd out put ther sprrglapipmycqmparabiprt ROkl r bei 0 téﬁ%} ig‘lqef'e Pt he
si gnal det @bh®ftabh® YohgiePeRsane beldcbeorsi gnahe sigdala@l.er r§tatkd summary,
L0 20200 Sty e OO AOETRERRL en sEHEH 354l ST 1< ¢
: 5 components of the luminance signal, such as sweep signal components
and the like, are not sufficiently large to enable their detection by
the horizontal correlation detecting logic cirecuit. Where, however,'
the condition 11!23]'5_ x € 2y obtains, and either {a{ + {¢{ > ’/2 (bt or
&L= 0, the correlation of the signals is sufficiently high so that the
10 signal @ is selected by the switch 23 under the control of the
correlation comparator 120.
Since the adaptive comb filter of Figure 12 requires that the
relative magnitudes of the signals a, b and ¢ satisfy the condition
ta( + {ef < 1/2 Ibt before the correlation comparator 120 thereof will
15  control the switching circuit 23 to select the signal Das the output
chrominance signal "“C", the probability that the signal Z)will be
selected erroneously due to noise is substantially reduced.

Consequently, it unnecessary to provide means for removing noise from
the signals [a{ , {b{ and (c|, such as a LPF, so that the adaptive
20 comb filter of Figure 12 can be considerably simplified,

The BPFs 121, 122 and 123 of the adaptive comb filter
embodiment of Figures 12 have relatively wide pass bands ensuring that
the frequency bands of the luminance and chrominance signal components
transmitted thereby will overlap. #fccordingly, in order to increase 5

25 the resolution of the luminance signal "Y* at the output terminali 27

* of the adaptive comb filter, tﬁe BPF 22 is provided with a relatively

narrower pass band than that of BPFs 121 to 123. Presently, the

chr'omine;nce signal can be limited to .a bandwidth of + 500 KHz while

still providing an acceptable imagé. However, broad band chrominance

30 signals are’ required f‘o.r newly developed imaging systems. If the ' ':i

bandwidth of the BPFs 121, 122 and 123 are broadened accordingly,
however, the resolution of the output luminance signal "Y' will
deteriorate. In addition, the selection of the signal(Z by the switch

23 of the adaptive comb filter of Figure 12 results in a cross colour __

35 eff‘ect. which is generally inconspicuous since it ocours relatively :

infrequently. Nevertheless, it is desirable from an aesthetic

viewpoint to . provide the greatest possible degree of signal
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Lcating vertical correlation of the |um nance signal and of the

om nance signal, so that signals which strongly correlate may be

|'ected to produce t he out put chrom nance signal "C'. On the other hand,
n the signals do not correlate sagésfactorlly, t he out put 35

ventional BPF circuit is instead

| ected to produce | um nance

fromthe
and

rom nance signals of high quality. Wth reference now to Figure 7,

eg n. 9 corresponding to those illustrated in Figure 2 bear
e sanme reference nunerals, a third adding circuit 28 has a first

rein
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nnected to t he Figures 15 shows a fifth embodiment of adaptive comb filter

in which the above described shortcomings and disadvantages
encountered in the operation of the adaptive comb filter of Figures 12
can be substantially minimized.

In the embodiment of Figure 15, a BPF 71 possessing a
desirably narrow pass band for improving the resélution of the
luminance signal "Y* has an input connected to the output terminal of
the switching circuit 23 and an output terminal connected to the
second input of the subtracting circuit 26 to provide the separated
chrominance signal thereto for producing the luminance signal oym,
Accordingly, the BPF 22 is unnecessary in the embodiment of Figure 15.
A further switching circuit 72 is provided in parallel with the
switching circuit 23 and has a first input comnected to the output
terminal of the subtracting circuit # to receive the signal (@
therefrom, a second input connected to the output terminal of the
subtracting circuit 5 to receive the signal (¥} therefrom and a third
input connected to the output terminal of the adding circuit 28 to
receive the signal (i) therefrom. The switching circuit 72 has an
output terminal connected to the output terminal 24 of the adaptive
comb filter circuit to supply the chrominance signal "C" thereto. The
switching circuit 72 is operative under the control of a correlation
comparator 130 to select one of the input signals@® , ®or D to be
supplied to the output terminal 24 as the output chrominance signal

wct.  The correlation comparator 130 operates in the same fashion as

the correlation cc;mparator 120 of the embodiment of Figure 12, except
that when the correlation comparator 130 controls the switching
circuit 23 to select the input signal(@ it simultaneously controls the
switching circuit 72 to select the input signal@to be supplied as
the chrominance signal “C* at the output terminal 24.

It will be seen, therefore, that in the embodiment of Figure
15 the pass band of the BPF 71 may be selected to improve the
resolution of the luminance signal accordingly without simultaneously
narrowing the bandwidth of the chrominance signal at the output
terminal 24. Therefore, the pass bands of the BPFs 121, 122 and 123
may then be broadened to accommodate a chrominance signal of broader
bandwidth. At the same time, the 2H comb filter output signal(® is
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t termnal of the BPF 9 to receive the signal Y therefromand a second
t* connected to the output termnal of the BPF 7 to receive 5 t he

nal X therefrom The adding circuit 28 is operative to provide an out put
ral Win accordance with the follow ng relationship: [err] =

rr]+[err])/2 = {(b-a) + (b-c)l/ 26 ... (1). Accordingly, the
ing circuit 28 produces a signal[err] based on the correlation of three
i zontal scan lines and corresponding to the 10 out put of a so-called
conb fstiegted byahhe guphehing cirenit T as the mulputgchrioménance2signsl connect ed

a fourth li%ﬂuéf %ﬁ@l sqgnélf@mﬁmyra Sigpredd tKS crddd bbRupdatiebye conb
ter of Figure 7 fired | ogic signal processor 100 is operative to
trol t#e %?S'é"ré't‘ltt?ﬁ%iﬂ“ﬂl 15 switching circuit in accordance with the

i ¢ signals [erRéferrimy td Figurer {6, Hnfls noted initially that the phases
5 of the chrominance signal components of the PAL composite colour video
signal differ by 90° from each horizontal line to the next, so that a
delay of two horizontal 1line periods thereof will provide a
chrominance signalfwhich is phase inverted with respect to a newly
received chrominance signal, provided that the signals exhibit
30 wvertical correlation. In the embodiment of Figures 16, a first pair
of signal delay circuits 2a and 2b each provides a signal delay
substantially equal to one horizontal line interval. An input of the
delay circuit 2a is connected to the input terminal 1 and an output
terminal thereof is connected to an input of the delay circuit 2b is
15 connected to the input of the delay line 25 as well as to the input of
the BPF 122,

A second pair of delay circuits 3a and 3b is provided each
serving to delay signals provided at a respective input thereof by one
horizontal line interval. f&n input of the delay circuit 3a is

20 connected to the output terminal of the delay circuit 2b and an output
terminal of the delay circuit 3a is connected to an input of the delay
circuit 3b., 4&n output terminal of the delay eircuit 3b is connected
to the input terminal of the BPF 123. Accordingly, the first pair of
delay circuits 2a and 2b together serve to delay a PAL composite

25 colour V1deo signal received at the input terminal 1 by two horizontal
line intervals. Furthermore, the second pair of delay circuits 3a and
3b is operative to delay the PAL composite colour video signal at the
output terminal of the delay circuit 2b by a further two horizontal
line intervals, 70 the signal at the output terminal of the delay

30 circuit 3b is delayed with respect to the input signal by four
horizontal line intervals.

—OTPTNTO VYO

A signal correlation comparator 140 of the adaptive comb
filter of Figure 16 serves to compare the values x, y, {a{,|b} and \c{
input thereto to determine the selection of an input signal by each of

35 the switching circuits 23 and 72 in accordance with the relationships
set forth in Table VI below:
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i nput thereto in accordance with Table || bel ow, wherein the logic

B states are expressed in the same manner as in Table |: TABLE Il 20
[erg [err] [err] [err] selection of input signals by switching circuit 23
0 0 - - [err] O 1 - [err] 1
0 - - [err] 1 1o - 0 [err] 25 1
1 0 1 [err] 1 1 1 1 [err] 30
Wtigreference to Table Il, it will be seen that, when signal

) TABLE VI
Relationship of input Selection of input
correlation signals signals by switching
circuits 23 and 72
5 Yy > 4x ) 4]
y < 3x @
fal + el < %|bi Switch 23 selects signal !
iy < x < 4y ' R @
and a = 1 Switch 72 selects signal
@
10 In other cases ®

With reference to Table VI, it will be seen that the relative
ratios employed by the correlation comparator 140 are selected as 1/g
and 4, instead of 1/2 and 2, in order more effectively to eliminate

15 cross colour effects in the chrominance signal component of the PAL
composite colour video signal.

The polarity of the colour sub-carrier of the PAL composite.
colour video signal differs from that of the NTSC signal. Since the :
signal correlation comparator 140 compares absolute values of the E

20 signals a, b and ¢, however, modifications need not be made to the
correlation comparator 130 of the embodiment of Figure 15 to adapt it
for use as the correlation comparator 140 of the Figure 16 embodiment
specifically to accommodate such polarity differences,

With reference now to Figure 17, the amplitudes and phases of

25 exemplary output signals from the BPFs 121, 122 and 123, are
represented by the waveforms a, b and c,. respectively, in the case
where a chrominance signal first appears on a given horizontal line of
the PAL composite colour video signal suppiied at the input terminal
1, while the level of the luminénce component thereof is constant.

30 With the exception of the logic signals@and{y) (described below), the
remaining waveforms illustrated in Figure 17 represent the phases and
amplitudes of the correspondingly labelled signals coincident with the
signals a, b and c represented therein. It will be seen from Figure
17 that when such chrominance signal components are applied to only

35 one input of either of the subtracting circuits 4§ and 5, their
respective output signals @or P are attenuated with respect to the
input signal. Consequently, the selection of either of the signals (D
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cogrelation is present between the signals appearing on the three
sufcesSsive horizontal scanning |ines represented by the waveforns a, b and
c,§the logic signals [err] and [err] assume a low or "0" logic |evel such
t hpt the signal at the output of the adding circuit 28 is 35 sel ected
byfthe switching circuit 23. Under 2&he remaining conditions listed in
Taple 11, the selection of the input signals by the switching circuit 23
co responds@o that of the Figure 2 adaptive conb 10 filter CI rcuit as
expr essedoq M’cﬂh@u\‘.“ﬁeﬁ"éﬁr?ggﬁm&ﬁa%“’ﬁ gefibe f4ltenipgpteshpiqis df nance

si gnal accordance with the operation of the embodiment of Figure 16 results
in a loss of vertical resolution of the image produced with the use of
either of the signals@or@alone. However, the adaptive comb filter

5 of Figure 16 advantageously selects the unattenuated one of signals &
or (Y under these circumstance such that vertical resolution is thereby
improved. The enhanced separation of the chrominance signal cdmponent-
under these condition 1likewise results in a reduction of dot
interference in the luminance signal component "Y' supplied at the

10  output terminal 27.

The logic levels x and y of Figure 18 represent the signals
®and (@ which would be produced by an adaptive comb filter of the type
illustrated Figure 2, but modified to separate components of PAL
composite colour video signals, to pro'vide a comparison of the

15 operation of the embodiment of Figure 16 therewith. It will be seen
that the Figure 16 embodiment provides the same degree of signal
separation under these conditions as that of Figure 2, while providing
the ability to operate reliably despite variations in input signal
levels.

20 Referring. to Figure 18, the phases of further exemplary
output signals from the BPFs 121, 122 and 123 are represented by the
waveforms a, b and ¢ therein illustrated. In the example of Figure
18, a phase inversion of the chrominance signal components
representing a change to a complementary colour is represented by a

25 | vertical dashed 1ine in each of the waveforms a, b and ¢. The logie
levels ®an®0r Flgune 18 represent signals whieh would be produced
in the same' fashion therefor as in the case of Figure 17 and the
remaining waveforms repi‘esent the phases and amplitudes of the
correspondingly labelled signals coincident with the signals a,; b and

30 ¢ represénheq therein. ‘In the example of Figure 18, the luminance
signal component is constant.

When signals having the phases represented .by the waveforms
a, b and ¢ of Figure 18 are supplied as inputs to the adding circuits
11 and 12, they combine subtractively to cancel one another so long as
i 35 their phases are inverted. Since the phases of the chrominance signal
components of the PAL composite colour video signal differ by 90° from
each honzontal line t;o the next, chrommance signal components
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wavefornms a, b and c appearing at the output termnals of BPFs 6, 8 and 10,.
_respectively, are illustrated therein where a conplenentary 5 col our A
change resulting in a phase inversion occurs at successively later i
iftervals differing by one-half of% he col our sub-carrier wavel ength fron1i
li*ne to line at the output termnals of the BPFs 6, 8 and 10. The l

correspondi anpl i tudes ,and phases .of signals appear] el sewhere in the |
ci rcui te_"Bf‘bﬂiqaﬁr ~§°‘7‘§tﬁﬁ’§'éﬁ? hg‘é’irﬁ%ttlﬁﬂeab% yp?qsﬁgwiase‘% PHASE || ustrated
i N Fi guigférenidadtientdepamted byt hordesytal Hdnsiigbardads( | Howevrel ect ed except |
at such_ti | 0 u LV, | ne 0 ond i n phase,
wher eud’(?%]m ﬁihé%%ﬁ%giﬁng{}?gﬁr L%Jrn\gtgh% g%g’%g'}ed[e%éar‘;];’sﬁhg érgaﬁ%ggt ed to avoid
t he comfuthese signals othen| separatedndy| | hosfzqnkal slipealinbgrvadsordingly, in

t he sadapiih¥fiel 05 that kikdn Sheti5Qitaes dre bpplicdauibimesi st the b and c fron

SUCCESS{n\l/:Stsh %rfl %&?Q ts%Ltrsé%@Pngl !ePr%?zits 4 and 5, their respective output '

signals, B an(®, exhibit signal drop-cut. When this occurs, it is

detected by the correlation comparator 140 by a comparison of the

magnitudes of the signals x and y so that, in accordance with the

10 relationships therebetween expressed in the left-hand column of Table

Vi, the signal () or (@ which does not exhibit drop-out is thereupon

selected, so that the chrominance sigﬁal "C* output by the switch 72

under the control of the correlation comparator 140 likewise is then

free of signal drop-out, Since the switching circuit 23 selects the

15 same chrominance signal component under these circumstances, dot

interference effects which would otherwise appear in the luminance

signal "Y" as a consequence of such chrominance signal drop-oubs are
avoided. .

==

With reference to Figure 19, the amplitudes and phases of

20 exemplary output signals from the BPFs 121, 122 and 123, are
represented by the waveforms a, b and ¢, respectively, thereof which
depict lumipance signal components within the frequency band of the !
chrominance signal, such that the phases thereof colincide on :
successive horizontal snan' lines. The logic levels ®and (@ of Figure

25 19 represent signals which would be produced in the same fashion
therefor as in the case of Figure 17 and the remaining waveforms
represent phases and amplitudes of the correspondingly labelled
signals coincident with the signals a, b and ¢ represented therein,

In the example of Figure 19, the luminance signal components appear on

30 four successive scan lines, such that for four horizontal line .periods
during which the luminance signal components appear at the output
terminal of the BPF 122 represented by the signal b in Figure 19, the
conditions for the selection of the signal W obtain, so that a
chrominance signal "C" as shown in Figure 19 is provided at the cutput

35 terminal 24. Accordingly, under the circumstances illustrated in
Figure 19, the adaptive comb filter of Figure 16 is able to derive a
chrominance signal “C" in which cross colour effects produced by

—
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ethbL, good correl ation, the adaptive conb filter acts as a 2H conb filter
whi ch provi des superior separation of the chrom nance signal. Wen the
chrom fpance signal derived in this manner is subtractively conbined with

t hescopposite col our video signal "Y + C' in the 20 subtracting circuit
26, -dof interference can be reduced by 6 a8, thus provi di ng i nproved i nmage
quality. In the adaptive conb filter CIrCUItS of Figures 2 and 7, the

coding{circuits to 0 e the in olute v e. si nI w th a
prede%J br i ned \m%;%f’gémfg&é? ggﬂ‘i] "%W’Eﬁ#tf u"flﬁ%“qee%f" t"ﬁé’i%ed'l nput
si gnal § change,uhibe pmslessgngltrheuattﬂiw ttooomaha;relbtaumedésp«tté whabgesedpode
properly the |r59\:‘5{} FHIISt he | evel thereof does not reach the

VO age

pr edet £rm ned f the predeternined voltage |level is reduced
in an pttenpt to enabl @“rbr spkarener daH nkp SieguheaR@r the waveforms a, b and ¢

§ therein represent the existence of a chrominance signal on only one
particular scanning line, while the level of the luminance signal is
simultaneously constant. The logic levels (®) and () of Figure 20
represent signals which would be produced in the same fashion therefor
as in the case of Figure 17 and the remaining waveforms represent

10 phases and amplitudes of the correspondingly labelled signals
coincident with the signals a, b and ¢ represented thereih. Figure 21
illustrates an exemplary waveform of an input signal giving rise to
the chrominance signal component illustrated in Figure 20. It will be
seen from Figure 20 that, whether the siénal ®or @ 1is selected when

15 this solitary chrominance signal appears at the output of the BPF 122,
a deterioration in the level thereof is unavoidable. Accordingly, the
use of either the signal (¥) or the signal () for producing the
chrominance signal "Y" will necessarily result in dot interference.

With reference to Table VI, it will be seen that, when the
20 chrominance signal appears at the output of the BPF filter 122 as the
signal b iliustrated in Figure 20, the conditions for the selection of
the signal@ by the switching circuit 23 are fulfilled, so that a
luminance signal "Y“ is produced at the output terminal 27 in which

dot interference is substantially reduced.

25 _Since embodiments of adaptive comb filter are operative to
compare_the relative  magnitudes of input signal values, they are
enabled reliably to determine the optimum mode _ of filter operation
despite variations in Input signal levels, while at the same time.
providing separated signal eomponénts of high quality in which cross

30 effects are minimized,

It will be appreciated that the embodiments of adaptive comb
filter may be implemented in whole or in part using either analogue of
digital circuitry, and that all or part of the signal processing

functions thereof may be carried out either by hardwired circuits or

35 with the use of a micreprocessor, microcomputer or the like.
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"h he probability that noise present in the input signal wll 30
with proper operation of the adaptive-filter_circuit is

[ nc ed According to the present invention HW@ ms rovi ded an

3%3%
ter for separating at |east one conpon g'l “ﬂmg gnal
aid video

g conprising: 35 a filter input B3@rmna
gl ; first and second signal delay neans for delaylng S|gnals supplied

_spect ive input termnals thereof andugrow di ng respective del ayed
3 CLAI

1. An adaptive comb filter for separating at least one component
of a video signal, the filter comprising:
5§ a filter input terminal (1) for receiving said video signal;
first and second signal delay means (2, 3) for delaying signals
supplied to respective input terminals thereof and providing
respective delayed input signals at respective output terminals
thereof, the input terminal of the first signal delay means (2} being
10 coupled to said filter input terminal (1) and the output terminal
thereof being coupled to the input terminal of the second delay means
(3); '
first and second signal subtracting means (4, 5) for each producing
output difference signals at a respective output terminal thereof
15 representing a difference between signhals supplied to a respective
plurality of input terminals thereof, first and second input terminals
of the first signal subtracting means (i) each being coupled to a
respective one of the input and oﬁtput terminals of said first signal
delay means (2) and first and second input terminals of the second
20  signal subtracting means {5) each being coupled to a respective one of
the input and cutput terminals of said second signal delay means (3);
first signal adding means (28) for producing a summation signal at an
output terminal thereof representing a summation of signals received
at first and second input terminals thereof, said first and second
25 input terminals of sald first signal adding means (28) being
respectively coupled with said output terminals of said first and
second signal subtracting means (U, 5);
first siaitching means {(23) for selectively providing one of a
plurality of input signals receis)ed at respective input terminals
30 thereof to an output ter.m'inal thereof, said first switching means (23)
' having first and second input terminals respectively coupled to said
. output terminals of said first and second signal subtracting means {14,
5), a third input terminal coupled to the output terminal of said
first signal adding means (28) and a fourth input terminal coupled to
35 the output terminal of said first signal delay means (2), the ocutput
terminal (24) of said switching means (23) being operative to provide
a firét component of said video signal;
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I's at respective output termnals thereof, the.-input term nal of

- signal delay neans being coupled to said filter | ), nal
& qut put - term nal thereof being coupled to the“ m } Bu lwf t he
el ay nmeans; 5 first and second signal subt each

g output difference -signals at 338 respective output terninal

B representing a difference between signals supplied to a respective

y of input termnals thereof, first and second input term nals of

5t si gnateceph@ndcthing seIAt ding mernyy (duplRd df o each ProduciBgest i ve

he i npusumadionls igual herakefest e GRpdt ftefibinasitheréofdpémesemang and

4o Cou sttt iah BripBits Bengida nt R RAR Y i o, AT o

dgcond si greaninkdisaphereafis said first input terminal of each of said second

5 and third signal adding means (11, 12) being coupled to the output
terminal of said first signal delay means {2), said second input
terminal of said second signal adding means (11} being coupled to said
filter input terminal (1), and sald second input terminal of said
third signal adding means {12) being coupled to the output terminal of

10 said second signal delay means (3);
first and second absolute value means (13, 16) for each producing an
output signal at a respective output terminal thereof representing an
absolute value of a signal received at a respective input terminal
thereof, the input terminals of said firét and second absolute value

15 means {13, 16) being respectively coupled with the output terminals of
said second and third signal adding means {11, 12), respectively; and
controlling means (35) for controlling the selective provision of
input signals by said first switching means (23) to its output
terminal based upon a relative value of the output signals produced at

20 the output terminals of said first and second absolute value means
{13, 16).

2. A filter according to claim 1 further comprising first,
second and third band-pass filtering means (6, 8, 10) for providing
25 output signals at_respective output terminals thereof representing
components of input signals received at the input terminals of the
respective band-pass filtering means (6, 8, 10), such that components
of said input signals outside respective pass bands of sald first,
second and third band-pass filtering means (6, 8, 10) are attenuated
30 at the respective output terminals thereof, the input terminal of the
first band-pass filtering means (6) being coupled to said filter input
terminal (1) and the output terminal thereof being coupled to the
second input terminal of said second signal adding means (11), the
input terminal of said second band-pass filtering means (8) being
35 coupled to the output terminal of said first signal delay means (2)
and the output terminal thereof being coupled to the first input
terminal of each of said second and_ third signal adding means (11,
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St addi ng neans for producing a summation signal at an 15

B nal thereof representing a summtion of signrals—received at

g§@sccond input termnals thereof, said first and

termi nal $of said first signal adding rregns bei ng respecﬂjﬁ m!ml““\ml
ot termnals of said first and dcond signal su I'ng means;* 20

sai d”out
first s ching neans for selectively providing one of a plurality of input

oLt cct 168, o SSpEBLC BB OBk BEERLe) MU,

sal neans aVI n

t er mi nal sfr espElddi haing m&%&owes%e%di@p'atnaﬁerrfrr#hmsscmd §mlf¢¢1@1¥ and
second signal nlfééh]grmt ARd tRBaGiRpud tebhirdli SPh1P Third %amJiﬁEs cmeéﬁ% to the
? g'; Pnuﬁl a} ._ I)nugﬁﬁﬁfg?o ebg{ﬂqszt i g? %ongﬁe (ﬁe%orrz? qggutar{grglna? ott r}:hlen hird

5 signal adding means (12).

3. A filter according to claim 1 further comprising first and
second low-pass filtering means (31, 34) for providing output signals
| at respective output terminals thereof representing components of
%10 input signals received at respective input terminals thereof such that
| high frequency components of said input signals are attenuated at the
respective output terminals of said low-pass filtering means (31, 34),
the input terminals of said first and second low-pass filtering means
(31, 34) being respectively coupled to the output terminals of said
15 first and second absolute value means (13, 16) respectively, and the
output terminals of said first and second low-pass filtering means
{31, 34) beihg coupled to said controlling means (35) to provide
thereto louw-pass filtered versions of the output signals produced at
the output terminals of said first and second absolute value means
20 (13, 16).

y, A filter according to claim 1 further comprising third signal
delay means (25) for delaying signals supplied to an input terminal
thereof and providing the delayed input signals at an output terminal

25 thereof, the input terminal of said third signal delay means (25)
being . coupled to the filter input terminal (1), and third signal
subtracting means {26) for producing output difference signals at an
output terminal thereof representing a difference between signals
supplied to first and second input terminals thereof, said first input

30 terminal of said third signal subtracting means (26) being coupled to
the output terminal of said third signal delay means (25) and said
second input terminal of said third signal subtracting means (26)
being coupled to the output terminal of said first 'switching means
(23), said third signal subtracting means (26) being operative to

35 provide a second component of said video signal at the output terminal
thereof (27).
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A

gnal del ay neans, the output term nal of said swtching neans
live to provide a first conponent of said video'stgnal; 3
r

0
g§ghird signal adding neans for each producing a s ' ' I
at a respiective output terminal thereof representing ”mn mrmﬂfim
t@i ved at respective first and sé&dond I nput term nal sct @of s *
ifnput term nal of each of said second and third signal adding
means bei ngfcoupled to the: put, term nal .of 35 aid first signal, delay
means, sai dfsecomt inpuf ?lﬁgﬁ;nala‘liemé 1ng Y% °§%’6’b§dﬁ§'it§?f'al°°%"d‘isﬁ’éﬂ haadrPagei ng
coupled to paid filteeing rmranst €39 rker, preniddeg dowdpubnaignapsit at eami aslpuof
said third pi gnate@ddiN@hereof representing components of input signals received at
an input terminal of said band-pass filtering means (39) such that
5 components of said input signals outside a pass band of said band-pass
filtering means (39) are attenuated at the output terminal thereof,
the input terminal of said band-pass filtering means (39) being
coupled to the filter input terminal (1) and the output terminal of
| said band-pass filtering means {39) being coupled to the input
10 terminal of said first signal delay means (2}.

said fi

6. A filter according to claim 1 wherein said first switching
means (23) is operative to provide a chrominance signal component at
the output terminal therecf as said fir's.t component of sald video

15 signal, and further comprising chrominance band-pass filtering means
{22) for providing output signals at an output terminal thereof
representing components of input signals received at an input terminal
of said chrominance band-pass filtering means (22) such that
components of said input signals outside of a predetermined pass band

20 for a chrominance signal component of said video signal are attenuated
at said output terminal of said chrominance band-pass filtering means
(22), the input terminal of said chrominance band-pass filtering means
{22) being coupled to the output terminal of said first signal delay
means (2), and the fourth input terminal of said first switching means

25 '(23) being coupled to the output terminal of said chrominance band-
pass filtering means (22) such that the output terminal of said first
signal delay means (2) is coupled to said fourth input terminal of
said first switching means (23) through said chrominance band-pass
filtering means {22). |

30

7. - A filter according to claim 6 wherein said controlling means

{35) includes correlation detecting means for detecting horizontal

correlation of luminance signal components in the summation signals
produced ‘at the output terminals of said second and third signal
35 adding means {11, 12) and wherein said controlling means (35) is
operative to control said first switching means (23) to inhibit
selection thereby of input signals from said chrominance band-pass
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12 netns being coupled to the output terminal of said second-signal del ay
means

first and second absol ute val ue neans for eac out put
signalf at a respecpf eﬂmhmgenk m nal thereof repre Jﬂm m ’ﬂ@iﬁ[ tol ute
rt *nale

val uejof a signal acgpectlve I nput ter

I nput gt erm nal s of second gpsol ute val ue means bei ng
respedqtively coupl ed mAt put tern1na|s of said second and third
addi ng neans, respectlvely and controlllng means for controlling

ULPU LGATAN 985 cdiBherts’ Bl 3L kbl Qlgidis, vt Pt < gnal s

8. A filter according to claim 1 wherein said first switehing

$ means (23) is operative to provide a chrominance signal component at
the output terminal thereof as said first component of said video
signal, said adaptive comb filter further comprising luminance
separation means for separating a luminance component of said video
signal, said luminance separation means including:

10 third signal delay means (25) for delaying said video signal by an
interval substantially equal to a signal delay between said video
signal and said chrominance signal component provided at the output
terminal of safd first switching means (23) to provide a delayed video
signal at an output terminal of said third signal delay means {25);

15 and
signal subtraction means (26) for attenuating chrominance signal
components in said delayed video signal by subtractive combination
therewith of said chrominance signal component provided at the output
terminal of said first switching means (23) to provide a separated

20 luminance signal component of said video signal at an output terminal
{27) of said signal subtraction means (26).

9. A filter according to claim 8 further comprising second
swibching means {72) for selectively providing one of a plurality of
25 input signals received at respective input terminals thereof to an
. output terminal {24) of said second switching means (72), said second
switching means (72} having first and second input terminals coupled
to the Sutput terminals of said first and second signal subtracting
means (4, 5), respectively, and a third input terminal coupled to the
30  output terminal of said first signal adding means (28), said second
switching means (72) being operative to provide a chrominance signal
component of said video signal at the output terminal (24) thereof;

and
wherein said controlling means (130) is operative to control said
35 second switching means (72) to select an input signal received at the
third input terminal thereof as said chrominance signal component of
said video signal when said controlling means (130) controls said




| s of said first and second absol ute val ue nmeans. According to the

presenf invention there is also provided an adaptive comb filter for —
sépar afi ng at |east one c q Of a video 15 si gnal um [

conpri §i ng: a fi Feigphept G R %&nal for receiving said \M ﬁ “ Imlﬂllmst

del ay ans for ddl \ \ deo signal by a first int¥®erval ttorproduce a
first gelayed vid nd del ay neans for del aying said video

by a second interval 20 to produde a second del ayed vi deo signal;
i fference means for producing a first difference signal proportional

fference between said vide i gnal, and said first del ayed video
second rft ma helinggngaas f(gﬁ ﬁ'goﬁﬁ}éf"h @nalvput GHE e FeSFEYRdeatithRal

fourth input terminal thereof.

10. & filter according -to claim 1 wherein said controlling means
5 (130) is éperative to control the selective provision of input signals
by said first switching means (23) to its output terminal based upon
a comparison of the magnitudes of the output signals prbduced at the
_output terminals of said first and second absolute value means {13,
16). ' |
10 .
11. An adaptive comb filter for separating at least one component
of a video signal, the filter comprising:
a filter input terminal {1} for receiving said video signal;
first delay means {2) for delaying said video signal by a first
15  interval to produce a first delayed video signal;
second delay means (3) for delaying said video signal by a second
interval to produce a second delayed video signal;
first difference means (l) for producing a first difference signal
proportional to a difference between said video signal and said first
20 delayed video signal;
second difference means {5) for producing a second difference signal
proportional to a difference between said first delayed video signal
and said second delayeﬁ video signal;
first summing means {28) for producing a first summation signal
25 proportional to a summation of said first difference signal and said
j second difference signal;
g first signal selecting means (23) for controllably selecting one of
: said first difference signal, said second difference signal and said
first summation signal as said at least one component of said video
30 signal;
second summing means (11) for producing a second summation signal

proportional to a summation of said video signal and said first
delayed video signal;

third summing means (12) for producing a third summation signal
35 proportional to a summation of said first delayed video signal and
said second delayed video signal; and

control means (35} for controlling the selection of one of said first

D viEINNe 1. -



proportional to a difference between said first del ayed vi deo si gnal

sai d second ﬂﬁsls%’é? v deo signal; first summng neans _for___preducing
i rst surmatl rtlonal to a summation of said first

2 b fﬂ;en:;ﬂzai 3%2: 2235363;' gnal ;. amnguumllﬁmll

si gpal , said second d| fference si gnal said first summetidn |gnal as
sai§l at |east one conponent of said vi deo signal; second summ ng neans for
pr UCI ng a qqg urgg?;; on n (o] e]5T 7 ANel(F:T sg.@m%nlgnf aid
Vi Si gnalélan pg’f';{"i%d él 3%&9 %LTO% Vi deo S|st1ga€1 un?ﬁtsrg means

for pr oduci n¥pEatign Ii&‘ﬁm paid §iwa$izﬁab§e}qqtemmew 42381 hasRd BPPOf sai d
firpt del ayegknsitsh@o migfi6iidef6F said second summation signal and said third

summation signal.

12, A filter according to claim 11 wherein saia control means
(35) further comprises absolute value means {13, i6) for producing
first and second absolute value signals proportional to the absolute
.values of the magnitudes of said second summation signal and said

10  third summation signal, respectively, and wherein said c.ontrol means
(35) is operative to compare the magnitudes of said first and secord
absolute value signals for controlling the selection of said at least
one component of said video signal.

15 13. A& filter according to claim 12 further comprising low-pass
filtering means {31, 3#) for attenuating high frequency components of
said first and second absolute value signals.

14, A filter according to claim 11 wherein said control means

20 (35) is operative to control -the selection of said at least one
component of said video signal based upon relative magnitudes of said
first difference signal and said second difference signal.

15. A filter according to claim 11 wherein said control means
3 25 (35) is operative to control the selection of said at least one
. component of said video signal based upon relative magnitudes of said
) video signal, said first delayed video signal and said second delayed
1 video signal.

30 16, A filter according to claim 11 wherein said first signal
selecting means (23) is operative to provide a chrominance signal as
said at least one component of. said video signal.

17. A filter according to claim 16 wherein said first delay means
35 (21) is operative to delay said video signal by an interval
substantially egual to one horizontal line interval of said video
signal, and said second delay means (3) is operative to delay said




13 saidg‘econd del ayed video signal; and control neans for controlling the
sel ectiop of one of said first difference signal, said second difference
pd said first summation signal by said first si gnal _sel ecting-feans
baseéd uppn 5 rel ative magnitudes of said second sunmation signal and:wﬁ“i

third sugmation signal. According to the present inventi Hmmms“l
provi dedga net hod of separating a chrom ngnce signal m
col our vgdeo signal, the nethod conprising the steps of D

video signal by an interval substantially equal to two horizontal line
intervals of said video signal.

18. A filter according to claim 16 wherein said first delay means
5 (2) is operative to delay said video signal by an interval
substantially equal to two horizontal line interva;s of said video
signal, and said second delay means {3) is operative to delay said
video signal by an interval substantially equal to four horizontal
line intervals of said video signal.
10
19. A filter according to claim 16 further comprising first band-
pass filtering means (8) for filtering said first delayed video signal
to attenuate components thereof outside a first chrominance signal
pass band to produce a band-pass filtered signal, and wherein said
15 first signal selecting means (23) is operative to select one of said
band-pass filtered signal, said first difference signal, said second

difference signal and said first summation signal as said chrominanee
signal.

20 20. A filter according to claim 19 further comprising luminance
separation means for separating a luminance component of said video
signal, said luminance separation means including:
second band-pass filtering means (39) for filtering said chrominance
signal to attenuate components thereof outside a second chrominance

- 25 signal pass band to produce a band-pass filtered chrominance signal,
said second chrominance signal pass band being relatively narrower
thén said first chrominance signal pass band of said first band-pass
filtering means (6);
third delay means (25) for delaying said . video signal by a third

30 interval substantially equal to a signal delay between said video
signai and said b;nd-péss filtered chrominance signal to produce a
delayed video signal; and
subtractive combining means (26) for producing said luminance
component by attenuating chrominance signal components of said delayed

35 video signal with the use of said band-pass filtered chrominance
signal. '
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10 defﬁ)ing sai d conposite col our_video signal by a first interval to

produc~g first del ayed V|deo S|gnal del ayi ng sai d conposite col our video

si gnal a seconam$ #duce a second del ayed vi deo signal;

produci ng a first al proportional to a differ

bet ween gaid corrpo eo signal and said first demmmmmu)""””m
signal ; [roducing a second dlfference si gnaig proportional to a flerence +
between gaid first delayed video signal and said second del ayed V|deo

si gnal ; producing a first sunmation signal proportional to a sunmation
of said ffrst diZf.erencd &ilganlacsanding tb sdaimdb diurthere comprdsimmluminance

pr oduci ng

a second. SINYIRT hédhsS S BepdialRRY 4 AtRinahCe 2oRPOHEAL! & 584 video
signal, said luminance Separation means including:
third delay means (25) for delaying said video signal by a delay
5 1interval substantially equal to a signal delay between said video
. signal and said chrominance signal to produce a third delayed video
signal; and
subtractive combining means (26) for producing said luminance
component by attenuating chrominance signal components of said third
10 delayed video signal with the use of the chrominance signal provided
by said first signal éelecting means (23).

22, A filter according to claim 21 wherein said third delay means
(25) is operativé further to delay said first delayed video signal to
15 provide said third delayed video signal.

23. A filter according to claim 21 further comprising first band-

pass filtering means (22) for filtering said video signal received at

said filter input terminal (1) to attenuate components thereof outside
20 a chrominance signal pass band to produce a band-pass filtered signal,
said first band-pass filtering means {22) being coupled to said first
delay means (2), said second delay means (3) and said first difference
means (4) to provide said band-pass filtered signal thereto as said
video signal, and wherein said third delay means (25) is coupled to
said filter input terminal to receive said video signal therefrom.

24, A filter according to claim 19 wherein said control means
(35) includes correlation detecting means for detecting horizontal
correlation of luminance signal components in said second summation
signal and said third summation signal, and wherein said control means
(35) is operative to control said first signal selecting means to
inhibit selection of said band-pass filtered signal upon detection of
said horizontal correlation of luminance signél components.

25. A filter according to claim 16 further comprising first,
second and third band-pass filtering means (121, 122, 123) for
attenuating components of said video signal, said first delayed video




f-osite col our video signal and said first delayed video signal; 25
g a third summati on signal proportional to a summtion_of said
el ayed video signal and said second del ayed vi deo signal; and

pr edic}
first

selct gng one of said first difference signal, said Seconﬂ'ﬂ ﬂ"mgmu“
sidhal and said first summati on signal as said chrom nanc l“
upon a ' stmmét i dn

conparison of relative magni tudeﬁ of said second
signal gand said third summati on signal accordance with an aspect of the
presentg i nvention, an adaptive conb filter for separ ating at |east one

conpondnt of agy, ﬁi,rf&qoaﬁd 9pfd s@wmraéme@uaéot i da@ lesh&deTy Q% Lefehrg,cee' vi ng

sai d vigdeo signha first and secon ng S|gnals
35  sdpplied PBEiE8 e chyFananeg, 3l ﬁ"é} rPiaﬁélbé"q'hElFee&"sénB”tﬂ’Bﬁsd

means (121) bhaving an input terminal coupled to said filter input
terminal (1) and an output terminal coupled with said difference means
5 (4) and said second summing means to provide the band-pass filtered
video signal thereto, the second band—pass filtering means (122)
having an input terminal couple to said first delay means {21) and an
output terminal coupled to said first difference means (%), said
second difference means (5), said second summing means '(11} and said
10 third summing means (12) to provide the Band-pass filtered first
delayed video signal thereto, and the third band-pass filtering means
(123) having an input terminal coupled to said second delay means (3)
and an output terminal coupled to said second difference means (5) and
said third summing means (121) to provide the band-pass filtered
15 second delayed video signal thereto. '

26. A filter according to claim 21 wherein said first signal
selecting means (23) is operative to select one of said first delayed
video signal, said first difference signal, said second difference

20 signal and said first summation signal as said chrominance signal,
said adaptive comb filter further comprising second signal selecting
means (72) for controllably selecting one of said first difference
signal, said second difference signal and said first summation signal
as an output chrominance signal to be supplied by said adaptive comb

25 filter; and wherein said control means {130) is operative to control
said second signal selecting means {72) to select said first summation
signal as said output chrominance signal when said control means (130)
controls said first signal selecting means (23) to select said first
delayed video signal.

30 .
27. A filter according to claim 26 further comprising band-pass
filtering means (71) for attenuating components of said chrominance
signal provided by said first signal selecting means (23) outside of
a chrominance signal pass band and coupled’ to said subtractive

35 combining means (26) to supply the band-pass filtered chrominance
signal thereto.
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nal s t hereof,

ed input signals at respective output termnals thereof, the input
nal of the first signal delay nmeans being connected to said .

r input termnal and the output terminal of the f 'm
bei ng connected to the input term nal of the secl)lmu mﬁm| m
;. first and second signal subtracting neans for prd&du€ing dutgut *

rence signals at respective outputdterninals thereof 5 representing
grences between signals supplied to respective first and second input

the first and second input termnals of the first signal

10

15

20

acting f@ans bdi REEho8 mfeteRagatihs s shrominance signal from a composite

colour video signal, the method comprising the steps of :

delaying said edmposite colour video signal by a first interval to
produce a first delayed video signal; '

delaying said composite colour video signal by a second interval to
produce a second delayed video signal;

producing a first difference signal proportional t,o a difference
between said composite colour video signal and said first delayed

video signal;

producing a second difference signal proportional to a difference
between said first delayed vi&eo signal an_ci sald second delayed video
signal; |

producing a first summation signal proportional to a summation of said
first difference signal and said second difference signal;

producing a second summation signal proportional to a summation of
said composite colour 'video signal and said first delayed video
signal;

producing a third summation signal proporticnal to a summation of said
first delayed video signal and said second delayed video signal; and
selecting one of said first difference signal, said second difference
signal and said first summation signal as said chrominance signal
based upon a comparison of relative magnitudes of said second
summation signal and said third summation signal.

et Has Been Reﬁaced

T



output termnals, respectively, of the first signal delay neans,
{ and second input termnals of the second signal 10 subtracti ng
@ ng connected to the input and output term nals, respectively,

the_secdnhd signal delay neans; first signal adding neans for produci g{
and

summati gn signal at an output termnal thereof representing a summati

signal s yeceived at first and second inputgsterm nals thereof, the fir

second igput termnals of the first 15 signal addi ng nmeans being
respectijvely coupled with the output termnals of the first and second
signal gubtracting neans, respectivel y; ABYRAEThI ng neans for sel ectively
provi di one of a plurality of input signals received at respective input
term nalp thereof to an output ternlnal thereof t he switching means havi ng
20 firkt and second input XA § Bal A eI Bht put termnal s of

SEPARATING VIDEQ SIGNAL COMPONENTS

An adaptive comb filter for separating at least one component
of a video signal includes a filter input terminal (1) for receiving
the video signal, a first delay device {2) for delaying the video
signal by a first interval to produce a first delayed video signal, a

10 second delay device (3) for delaying the video signal by a second
interval to produce a second delayed vidéo.signal, a.first signal
subtractor {#) for producing a first difference signal proportional to
a difference between the video signal and the first delayed video
signal, a second subtractor (5) for producing a second difference

15 signal proportional to a difference between the first delayed video
signal and the second delayed video signal, a first signal summing
device (28) for producing a first sumwation signal proportional to a
summation of the first difference signal and the second difference
signal, a signal selecting device (23) for controllably selecting one

20 of the first difference signal, the second difference signal and the
first summation signal as the separated component of the video signal,
a second summing device {11) for producing a second summation signal
proportional to a summation of the video signal and the first delayed
video signal, a third summing device {(12) for producing a third

25 summation signal proportional to a summation of the first delayed

video signal and the second delayed video signal, and a controller

' (35) for controlling the selection of the separated component of the

video signal by the signal selecting device based upon relative
magnitudes of the second summation signal and the third summation
signal. In addition a method of separating a chrominance signal from
a composite colour video signal is pr&%idedi .

i




t and second signal subtracting neans respectively, a third input

connected to the output term nal t € of &nﬁk addi ng neans
and a fourth input termnal connectd2?o th of the firsg
si gnal el ay neans, the output term nal of t ng means bein
operat ifve to prOV|de a first conponent of th " second and
third ¢ gnal addin for prodUC|ng sunmmat i on S|gnals at respective
out put gt erm nal s t%?é err senting summations bgl gnal i:?ecel ved at
first 4nd second i hpu tinals of the respecti Vg gnal ng neans, the
first ignput termnals of the 30 second and ‘nal aehe eans
bei ng ] ala! ay—RERNS, the
second |nput t erm nal d aad|no neaf , @ to
the filfter ' [ ermna ‘ '
si gnal
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. 'ﬁeing connected to the output termnal of the second signal 35
dél- neans; first and second absol ute val ue neans for produci ng out put
s at respective output termnals thereof representing absolute values

nal s received at respective input ternminals 1ﬂhkm&&ﬂ&&3ahm7i
ﬂ to

teinfi ffals of the first and second absol ute val ue neans b
the oftput termnals of the second ard22hird signal add
respeg§tively; and controlling neans for controlling t

provi g on of input signals by t tF'én{Shlng?S nmeans to |ts output ternlna

basedfupon a rel ative value of t
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sig * produced at the output termnals of the first and second absol ute
val ug ans. In accordance with another aspect of this invention, an

adapty ge conb filter for separating at |east one component of a video 10

si grial Fconprises a filter input ternm nal for receiving sai dpykdeo si gnal
first felay neans for delaying the vi d¥#2signal by a first i Beed Repace
produc@ a first del ayed video signal; second del ay neans foi

vi deo. §i gnal by a second interval to produce a second del ay [ ;
first Qifference neans for produci é;rst 5 difference signal
proporgional to a difference betheIgﬁh Vi signal and first del ayed

vi deo §ignal; second difference neans for producing a second difference

si gnal fproportional to a difference between the first and second del ayed
video §ignals; first sunm ng
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means _f; producing a first summation signal proportional to a 20

surmmat i o of the first and second difference signals; first signal

sel ecting neans for controllably selecting one of the first difference
sighal, §he second difference signal and the first summation signal as the
at Feast gone conponent of the video signglhp second summ ng ngans for
produci ng a second summati on signal proportional to a summat Imafggbam he
video si gnal and the first del ayed )(T_‘UZOQ gnﬁ; third sunm n mm”efaced
producing. a third summation. signal fpr bp&/i o8&l to a summati l
first delfjayed vi deo signal and the second del ayed video signal; an

means fof controlling the selection of one of the first difference signal,
the second difference signal and the 30 first sunmation signal by the
first si

and thir

nal sel ecting nmeans based upon gel ati magni t udes of said second
sunmat idn signal s. % %

vﬁ———%

oy — T —




jce with a further aspect of this invention, a nethod of
a chrom nance signal froma conposite col our video signa

he steps of del aying the conposite col our 35 i 'Q%E&gnﬂﬁw a

2 val to produce a first del ayedspideo signal;
conp05|te ol our video signal by a second interval to pr
del ayed vileo signal; producing a fir 6 ference
proportionpl to a di f ference bet ween j te col our V|deo si gnal and

the first §el ayed video signal; producing a second di fference signal
proportiongkl to a summation of the first and

a

b | DU




di fference signals; producing a first sunmation signal 5

l.onal to a summation of the first and second difference signals;

pr odtickng a second summation signal proportional to a summation of the

conposft e col our video signal" and the first del ayed video signal; producing
summat i on signal proportional g2 summation of the first and

del ayed vi deo signals; and selecting 10 one of the first

nce signal, the second difference signal and t kgjsfheetdHasB laceth

as the chrom nance signal based upon a conpari so iL

des of the second and third summtion signals. Tﬂ 1]
descri bed by way of exanple with 15 ref erence he acconpanyi ng
s, throughout which like parts are referred to by |ike references,

o FIG. 7
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1, 2 and 7 are circuit block diagrans of exanples of previously

id conb filters for separating | um nance and chrom nance signa
nts of an NTSC conposite colour video 20

signal; Figures 3 to 6
re waveform di agrans referred to in connection with Figures 2 and 7
s 9 to 11 are respective circuigy,pl ock diagrams of first to third
nments of adaptive conb filter in accordance with 25 t he present
ion for separating the |um nance and chrom nance signa
SC conposi te col our video signal

conmponent s of
2y ; Figure 12, conprising Fi gures 12A
and B, is a circuit block diagramof a fourth eMmmg
fi-1tq in accordance with the present
and

Nr on nance

adapti ve comb
nvention for ”’m I[ iquance




S ‘gnal conponents of an NTSC conposite col our video signal; Figures 13
.and:1& are waveformdiagrans referred to in connection with Figure 12;

15, conprising Figures 15A and 15B, is a circuit block diagramof a
fifthgenbodi ment of adaptive conb filter in accordance 35 wth the

prese I nvention for separating |um nance and chrom nance si gnal
conpogent s of an NTSC conposite col our8/22deo signal; Figure 16, conprising
Figurqs 16A and 16B, is a circuit block 17 di agramﬁlg s?} SI xth errbodl ment
of ad

ptive conb filter in accordance ” I” Waced

FIG. 9




he present invention for separating |um nance and chroni nance signal

fonts of a PAL conposite colour video signal; Figures 17 to 20 are

rm di agrans referred to in 5 connection with Figure 16; and Figure
a wavef orm di agram of input colour video signals illustrated in

® 20. In the first enbodi nent of adaptive conb filter, shown in Figure
st to fourth |l owpass filters (24Rs) 31 to 34 are each 10 operative
enuat e hi gh frequency conponents of signals suppli @hisSfeet

HisB
tive input termnal thereof and having a filt eeer’f“c
ed as: (1 + 2Z[err] + Zerr])/4 ) ’ﬁ m re
esents the sanpling cycle. The output termnals of t

FIG. 10
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N )sol ute val ue generating circuits (ABSs) 13 to 16 are each connected
_to%th@ input termnal of a respective one of the LFs 31 to 34. the LPFs 31
t o '34fare each operative to produce a respective correlation signal x, X Y

ahd y§at a respective output termnal thereof. Each of the output terninals
of thg LPFs 31 to 34 is connected to an input of 20 a signal correlation
conpafator 35. the correlation conpa0d2r 35 is operative to conpare the
signafs x, X, Y and y suppli-ed thereto for controlling the selection of the
i nput §signals [err] , [err] , [err] and [err] by the sw tchi ng circuit 23.
To dojso, the correlation conparator 35 conpares the relati L{ udes of
the cprrelation signals x, X Y. 25 y and deternﬂ“‘meht on of the
i nput{to the switching circui dance W|th h| ps of
the i Lnput correlation signals Grth?% t he Ieft- Table
Il bgl ow
“Y"‘ CII
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TABL .'" 30

Rel ati onshi p of input e
Sel-ecti off of i nput correlation si gnal S signal s by
switchinf circuit 23 y > 2x 11/2 [err] vy
<1/ 2x 2[err] 1/2y [err] x [err] 2y and
1/2Y [er§] X [err] 2Y . [err] 35 and x, y, X, YO a gX<2x
Ca a se
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|t *hay been observed that when y > 2x, non-correlation frequently exists

bet we the signals b and c; accordingly, as indicated in Table Ill above,

the c@relation conparator 35 is then operative to control the sw tching
23 to select the input 5 signal X . Furthernore, it has been

d that when 1/2y [err] x [err] 2?}4 and 1/2Y [err] X [err] 2Y,

| y the chrom nance si gnal exis% %nly on one scanning line. In that

en in addition the correlation signals x, y, Xand Y [err] 0 and X

nd Y < 2y which ensures a sufficient signal |evel, the signal [err]

ected by the sw cZi ciZE? 23 10 under the control of the

correffati on conparat or 35. Mlen her cases, it is found that the

corre atioE of the input signal is sufficiently high, so that the signal

i s s&bect ed.
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@i on signals x,
el ati on exi sts therebetween,

whet her

in the absolute levels of the correlation signals,

t her eofg proporti onal
receivgll at a respective input term nal
d to the output termnal .of the ABS 25
"a" thdfefromand provi des an absol ute val ue

enbodi nent

7

\

t her eof .
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(

AL

The input of the ABS 36 is
6 to received the signa
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Je correl ation conparator 35 conpares the relative magnitudes of the
: X, Yand y for deternining 15
this determnation is unaffected by a
t hus enabling the
reliably to separate the | um nance and chrom nance
omponents "Y' and "C' despite sugyhzvari ati ons i $hai@ds Bb&
hdaptive conb filter of the Figure 10 enbodi nent,
operative to produce signals at a respective ou‘
to the absol ute value of correspond

foed 20

nnd 38
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\t or

ute val

@ or rel ati on conparat or
Wout of the BPF 8 to received the signal

. its output 30
ged to a further input of the cegf®l ati on conparator 110. The i nput

ue signal

[err]

110.

at

ABS 38 is connected to the output term nal

nal "c
t er m nal
110.

ng circuit 23 base

riclerr]

The 35 correl ati on conpar at or [jS operatit vigxt o cdmt r ol
ection of the i NPYhis eIk BlhRbdiaced [T 7] . [eN(] and [erf]} by the
1 mpals x, y, [e alerr] ,i Jerr]b[err]
to effect tmmllﬁmﬂmof
o
. ) o
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K N .
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FIG. 14

which is connected to a further

term

nal

Berr]aferr] at its output term nal which connected to an input of a
; The input of the ABS 37 is connected to
"b" therefrom and provides
which is

of the BPF 10 to receive
t herefrom and provi des an out put signal

[err]c[err] at
i nput of the correlation

a+b

(S1)

its
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it i gnhals by the switching circuit 23 in accordance with the
gl ati on signal reI ationshi ps expressed in the |eft-hand col um of
el ow. 5 TABLE 1V Rel ationship of

._ Sel ection of input d6/2®l ation signals
- swi tchi ng circuit 23y > 2x

err]
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operativ
conponen
[erf]as

observed
than a p
t hese co
chrom na
the outp
to mni
operativ
si gnal [ efgr

[err]2y In other cases [err] As in th
bodi nent, the adaptive conb 15 filter of Figuré:
to select the signal [err] as the output chroninance
"C' whenever y > 2x, and is ogg,aﬁlve to select the si
e out put chr oni nance si gna

gnaf5 
enever y < 1/2x. It has been

hat when 1/2y < x < 2y either the signal correlati.on is higher
determ ned | evel or el se non- correl ation exists. Under

Itions

It , It ha igb bs é;E;that when [a] + [e¢] < [b] , the
ce signal gene 7y?;i| Sr y on one scanning line, that is, at

of the BPF 8. I n accordance with this observation, and in order

#ze e effects of signal noise, the correlation conparator 110 is

both 1/2y [érr] x

to&cause t he 25 switching circuit 23 to select the input

g 4
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 (a] + [c] [err] 1/2 [b]
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g ‘elation conparator 110. 30
rel i aljge separ o} I

] onp05|t cql Vi

nce and
i gnal de€
since the c

In all
Bi on exceeds a predeterm ned | evel,

rel ati onship of the absolute
since the selection of the
s conditioned upon the relatio

17722

ot her
t hat
is selected by the switching 23 circuit under the control

As.

cases,
i S,

when the signa

when 1/2 < x <2y, the
of

in the case of the Figure

the adaptive conb filter of Figure 10 is capable of provided
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Eprobability that. the adaptive conb filter of the Figure 10

rent will erroneously select the band-pass filtered signal[err] due
be is substantially reduced. Accordingly, .it

I S unnecessary to

| ow- pass filtering circuitry for renmoving noise fromthe 5 output
signalle provi ded by the absol ute val ut8f@nerating circuits 36, 37 and 38 in
the Fighure 10 enbodi nent, so that the circuitry thereaof can be considerably
sinpl @ied. In the enbodi nent of Figure 11, BPFs 6 to 10 of the Figure 10
enbodighent have been Al teggﬁi n place thereof a single BPF 39 10
Is uti®ized having t£§+Jgkgﬁph

ristics as those of the BPFs 6 to
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i nput terminal of the BPF 39 is connected to the input termnal 1

and drfgoutput termnal thereof is connected to respective inputs of the
del"ay ®ine 2, the subtracting circuit 4 and the addi ng CIrCUIt 11 tq. supply
t he bggd-pass filtered conmposite col our video. 15 si gnal "a%ather

Si ace #he | uninance signal conponent sl¥®2t he signal at the output al
of thefdelay line 2 have been largely elimnated by the BPF 39, a # er
del ay ¥i [

ine 40 operative to delay signals received at an input t er i

thereod by one horizontal |ine period delay of the conposite (_:olour~ :deo
signal§"Y + C'" provided by 20 the delay line 2 in the preceding
enbodi

is co nected

ite ﬁa(nﬁDVid%o S|gn¥l "Y o+
d to the input fof theidelay Ii

{ - |
:b.o‘_
|

ut termnal 1 to receive the conpo
and angout put term nal reof is ponnect

nts. Accordlnglyt t he ianI of tEe delay line 4
25. 1t3will be
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cgated that the adaptive conb filter of Figure 11 is further 25

jed with respect to that of Figure 10. In the enbodi nent ill ustrated
#re 12, BPFs 121, 122 and 123 having the sanme characteristics of the
g to 10 of the Figure 10 enbodi nent are provided. An input of the BPF
gconnected to the input termnal 1 and an output termnal thereof is
@ed to a 30 respective input te0ehal of each of the signal
gqting circuit 4, the adding circuit 11 and the ABS 36. The input of
8 122 is connected to the output termnal of the delay line 2 and an
out put jterm nal thereof is connected to a respective input termnal of each
of thejsubtracting circuits 4 and 5, the adding circuits 11 and 12 and 35
3 circuit 37. The input of the BPF 123 is connected to the out put
termngl of the delay line 3 and an output terminal thereof is

{

FIG. 18
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CONOeX
ci¥*cui
12 al
operat
prese.
col our
ci rcui
to the

in the 5

vi deo signa

i ncl udes a hori zont al
ve to detect horizontal

correl ati on of

ed to respective inputs of each of the signal
5, the adding circuit 12 and the ABS 38. The enbodi nent of Figures
correlation detecting logic circuit which is
I'um nance signa

subtracting

21

chroni nance si gnal 3¥@%uency band of the conposite

Y + C.

The hori zont al
i ncl udes an exclusive-OR gate 51 having a first
out put term nal

1

-1

® 0

&

correlation detecting | ogic

conponent s

I nput S1 connected

b
5
|
®

of the adding circuit 11 and a second input S2
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conpdrted to the output termnal or the adding circuit 12. An output 10
deet milhal of the exclusive-OR gate 51 is connected to an input of a one
sanpl® cycle delay circuit (D) 52. An output terminal of the delay circuit

52 i A connected to an input termnal of an OR gate 53 and the inpuf of the
delaygcircuit 52 is connected to a sepgpsl i nput of the OR gate 53. An
out p termnal of the OR gate 53 is connected to an 15 i nput of a

further delay circuit [» 54 which al so provides a one sanpling cycle
del ay§ and an out put dc? é?()e delay circuit 54 is connected to an

i nputj of a still fur her cuit (D) 55 providing a further one
sanpli ng cycle delay. A NAND gate 56 having three inputs is provided such
that §its first input is connected to the 20 output term nal of the -OR
gate H3, its second input is connected to the output term nal of the del ay
circﬁt 54 an%fts third fiput is

‘ - _ This Sheet

I II Ill Wi T“"
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connected to the output ter _&ghﬁb\th@d‘éldyﬁﬂ&'cuﬁﬁ 55.{ The out put
Z2edcgptabs opagpd nlectbeghged AN i nput of anot her

delay circuit 57 which provijd8s im@Ee sapgged ‘E’taSpagedyﬁ.l g..del ay and has an
out put terninal connected t¢ E( a

The second i nput of the excl uﬁf‘\ibstﬁﬁ gaf 3. 4.1 gend i n
excl usive-OR gate 58 is conmected to thépﬁgﬁput oﬁpffgﬁe del ay%PKACEWJT SHY
Still another delay circuit (BA’I Naleai _BgRE sarrpl iing icyicl e deTay Hd.S

oXoY by L£x6| ugi Je-
L TS O o 1, | 2R REY

t er m nal

and an output termnal c

60 providing a further oness GIM ee | npu
has its first input connected to the out put term nal of thejexclusive-OR
gate 58, its second input connected to the output term nal

5
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of the delay circuifth

sotwe~]

Sianing(s) epaged

tof paged &k jusi ve- OR gate 58.
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This invention relates to adaptive comb filters and methods
of separating video signal components.

Band-pass filters have been commonly utilized for separating
luminance and chrominance signals of, for example, an NTSC composite
colour videb signal. However, such band-pass filters when used alone
to effect signal separation are unable to distinguish between
chrominance signals and 1luminance signals falling within the
chrominance frequency band, typiecally 3.58 MHz- + 500 kHz, This
effect, commonly referred to as "ecross colour", results in
deterioration of the quality of an image.

Comb filters provide improved luminance and chrominance
signal separation by utilizing the general vertical correlation of
video signals and, in the case of an NTSC or PAL composite colour
video signal, the phase inversion of the chrominance sub-carrier
signal which occurs with every new or every other new horizontal line
of the video signal, respectively. A typical comb filter arrangement
for separating luminance signals (indicabeci as “Y¥*) and chrominanceé
signals (indicated as "C%) from an NTSC oomposite' colour video signal
{indicated as "Y + C"} is applied in Figure 1. The composite colour
video signal (Y + C") is applied to an input terminal 101 of the comb
filter connected to an input terminal of a delay line ( 1H) 102 which
is operative to provide the composite colour video signal "Y + C"
delayed by one horizontal line interval at an output terminal thereof.
The "Y « C" signal received at the terminal 101 is also applied to a
first input of a subtracting circuit 103 having a second input
connected to the output terminal of the delay line 102. Since the
luminance signal components of successive horizontal lines are in-
phase signals which generally possess vertical correlation, the
subtracting ecircuit 103 serves to attenuate luminance signal
components of the delayed composite colour video signal "Y + C" as it
is provided at an ocutput terminal thereof.

The output terminal of the subtracting circuit 103 is
connected to an input of a band-pass filter (BPF) 104 having a pass
band corresponding with the frequency range of the chrominance signal

of the deray



35 circuit 59 and its third input connected to an &EBL&CEMENL§HE t he

-delay circuit 60. A two input AND gate 62 has-its filirjst i nput conn

to the output of the NAND gate 56 to receive an outpug.| 22BERMRTal
therefromand its second i nput connected to the outpu erm nal of t

gate 61 to receive an output signal

ctied
P
He INOR

Q therefrom The pnbodrmENT 0Of FI gures

.12 further includes a signal correl ati on conparat or 120 having inputs _dach

connected with a 5
and 34 and Gfw

and [c]

10
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25
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component "C" at an output terminal thereof which is connected to an
output terminal 105 of the comb filter. The output terminal of the
band-pass filter 104 is also connected to a first input of a further
subtracting eircuit 107. A delay line 106 has an input connected to
the input terminal 101 to receive the composite colour video signal "Y
+ C" and is operative to delay the "Y + C" signal by an interval

_ corresponding to the delays introduced by the delay line 102 and the

band-pass filter 104, The delay line 106 provides the delayed
composite colour video signal "Y + C" to a second input .of the
subtracting circuit 107. Accordingly, the subtracting circuit 107
serves to attenuate chrominance signal components present.' in the
composite colour video signal "Y + C" and thereby provides a separated
luminance signal component *Y" to an outbut terminal 108 of the comb
filter.

However, vertical correlation of the chrominance signal is
not always pbesent. For example, where a change to a co_mpleméntary
colour occurs in the chrominance signal in a given scanning line, the
phase of the chrominance signal becomes inverted, so that vertical
correlation thereof with the chrominance signal of the preceding
scanning line no longer exists. Not only does this result in the
deterioration of the output chrominance signal, but the luminance
signal "Y" at the output terminal 108 retains portions of the
chrominance signal which otherwise would have been suppressed by the
subtracting cireuit 107, resulting in so-called “dot interference" in
the reproduced video ‘image.

" On the other hand, where vertical correlation between
luminance signal's of suécessive line intervals is lacking, the
chrominance signal from the suﬁtracting circuit 103 possesses a
residuallcomponent of the luminance signal therein. Accordingly, when |
this occurs such couiponents may appear at the output of the BPF 104,
resulting in a cross colour effect similar to that encountered in the
use of a band-pass type signal separation technique of the kind
described above. _

To overcome the effects resulting from vertical non-
correlation, it has been proposed in our Japanese Patent Application
No. 88/301762 that vertical correlation of luminance signals in the

respective one of the output termnals of the LPFs 31
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respectively, therefrom The correlation conparator 12 lib,%‘.si..‘;a;;fu'rlt...h:ér.‘;;‘f nput
connected to an output termnal of the AND gate 62 to|rg¢ceiyve an out phit
signal [err] therefrom The correlation conparator 12@ 2 §EE01997

o_perative to control the selection of the input signalisi[ferr] , [err]!
[érr] and [err] by the switching circuit323 in accordance with the
coLrFIatlon signal relationships expressed in the |eft-hand colum of Table
. 'V below. TABLE V 15 Re | onshi.p, of | . | f
i nput correl diaﬁﬁﬁaé‘f’g#agée © rg"i%a"ce srfé’:%rl b% Fﬁ%%‘itgd btf TRd ?ﬁ{tﬁé&éﬁ;&gﬁl t 23
y > 2X comb filtering techniquéscitp]avold such unwanted effects, igure 2

illustrates the overall circult arrangement of the adaptive comb
filter disclosed therein.

5 With reference to Figure 2, an NTSC composite colour video
signal "Y + C" is supplied to an input terminal 1 thereof.. & first
delay line {1H) 2 has an input connected to the terminal 1 and is
operative to delay the composite colour video signal "Y « C" by one
horizontal line interval which it then provides at an output terminal

10 thereof. The output terminal of the delay line 2 is connected to an
input of a second delay line (1H) 3 which is operative to delay the
composite colour video signél *Y + C* from the output terminal of the
delay line 2 by an additional horizontal line interval which it then
provides at an output terminal thereof. A first subtracting circuit

15 4 has two inputs each connected with a respective one of the input
terminal 1 and the output terminal of the delay line 2 and serves to
provide a signal at an output terminal thereof representing the
difference between the input composite colour video signal and a prior
version thereof delayed by one horizontal line interval. A second

20 subtracting circuit 5 has two inputs each coupled with a respective
one of the output terminals of the delay lines 2 and 3 and serves to
provide a signal at an output terminal thereof representing the
difference between the composite colour video signals respectively.
delayed by one and two horizontal line intervals with respect to the

25 signal at the input terminal 1.

"Each of‘a'blurality of BPFs 6, 7, 8, 9 and 10 has a pass band
substantially corresponding to the frequency band of the chrominance
signal combonent of the composite colour video "Y + C". Each of the
BPFs 6 to 10 has a respective input correspondingly connected to a

30 respective one of the input termimal 1, the output terminal of the
subtracting circuit 4, the output terminal of the delay line 2, the
output terminal of the subtracting circuit 5 and the output terminal
of the delay line 3. A first adding circuit 11 has a first 1hput
connected to an output terminal of the BPF 6 and a second input

35 connected to an ou%put terminal of the BPF 8. A second adding circuit
12 has a first input connected to the output terminal of the band pass
filter 8 and a second input connected to an output terminal of the



Y < 1/ 2x

that of Figur

IS operative
when y< 1/2x.
| evel or non-
correlation c
either the si

[a] +[c][err] 1/ 2[ b] [err] and[err] =1 In other ¢ JA@EMENT SHEET

[err] Wth reference to Table V, in the enbodi nent of {Fijgures 12, 25 I
e 10, the correlation conparator 120 is operap™MeER @9Font|r gl

the switching circuit 23 to select the igput signal[erjr]} when y > 2x, jaf
to control the swtching circuit 23 to sel ect—ttre~srgratt er
When either the correlation is higher than the predeterm
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[err] 20 1/2y [err] X [

correlat bpiRepxiosts, such that 1/2y [err]x 30 < 2y, the

arator 12 conrolsthg switching circuit, 23 .to | ect
y (Ress

gnal [eFnrh GF & Ra1G O Ahepiyte valug eqnerating alreules

13 and 16 is operative to produce absolute value signals at a
respective output terminal thereof representing absolute values of
signals supplied thereto. The output terminal of the first adding
circuit 11 is connected to the input of the ABS 13, while the output
terminal of the adding_ eircuit 12 is connected to the input of the ABS
16. Each of a pair of coding circuits 17 and 20 is operative to
convert signals received at an input thereof to a respective binary
code (® and (D by comparison of the input signals with a predetermined
voltage level. The output terminal of the ABS 13 is connected to the
{nput of the coding circuit 17, while the output terminal of the ABS
16 is connected to the input of the coding circuit 20. Each of the
coding circuits 17 and 20 has an outpﬁt terminal connected to a
respective input of a logic signal processor 21.

The BPFs 7 and 9 produce respective output signals@andd)
which are produced in the same fashion as the output chrominance
signal at the output terminal 105 of the comb filter of Fxgure 1. The
output terminal of the BPF 8 is connected to an input of a further BPF
22 having a pass band similar to that of BPFs used alone without comb
filtering to separate chrominance signals, as first described above.
The BPF 22 produces an output signal Z corresponding to the output
chrominance signal produced by the band-pass filtering technique. &
switching circuit 24 has a first input terminal 23a connected to the
Output terminal of the BPF 7 to received the signal (D therefrom, a
second mput". terminal 23b connected to the output terminal of the BPF
9 to received the signal @ _theref‘rom and a third input terminal 23c

connectéd to an output terminal of the BPF 22 to receive the signal(@®

therefrom. The switching circuit 23 is operative to connect an output

terminal thereof to one of the input terminals 23a to 23c under the
control of the logic signal processor 21.

In addition, the output terminals of the BPFs 7 and 9 are
€ach connected to an input of a respective ABS 14 and 15 which, like
eireuits 13 and 16, are each operative to produce output signals at an
Sutput terminal thereof representing an absolute value of signals
tnput thereto. THe output terminals of the ABSs 14 and 15 are each
connected to an input of a respective one of third and fourth coding

i ke
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that [a] + [c] < 1/2[b], indicating generally that th ?M@g 7S1 gn I
exi sts only at the output of the BPF 122. The second oi on forithe
absence -of.._ ’

sel ection of the signal Zis that[err]=1 indicating th
hori zontal correlation, which is expl a|?1ed bel ow i n connection with the:

exanpl es of Figures 13 and 14. 23 Wth reference now to Figure 13,
vwavef orms a R.akd 2 QE@HGS@&B St GREdES 18RpeA P8 t8lconbertothe WbsbRitei nal s of
t he BPFs. 12f ‘gg respectively, to illustrate |él ance i,gnal
conmponent s value signal received thereby to a respective binary co enw @
by comparing the absolute value signal with a predetermined voltage
level. An output terminal of the coding circuit 18 is connected to an
5 input of the logic signal processor 21 to supply the signal @ *
thereto, while the coding circuit 19 has an output terminal -connected
to an input of the logic signal processor 21 to supply the logic
signal (@ * thereto. '
The logic signal processor 21 logically compares the logic
10 signals® ,®', ' and(@in accordance with Table I below such that
the switching circuit 23 selects a respective one of the signals® ,
@ and (@ in accordance with the signal states indicated in Table I,
wherein a dash represents an indefinite state.

15 TABLE I
vl @ selection of input signals
® ,GD by switching circuit 23

20 o 1 _ _ ®

1 0 - - ®

1 1 - 0 ®

1 1 o 1 Q@

1 1 1 1 @
25

The output terminal of the switching circuit 23 is connected

to an 6utput terminal of the comb filter circuit to provide a
chrominance signal component “C" of the input composite colour video

30 signal "y C" thereto. To produce a luminance signal "Y" from the
input composite colour video signal "Y + C", a third delay line 25 is
provided having an input connected to the output terminal of the delay

line 2 and is operative to delay the composite colour video signal at

the output terminal of the delay line 2 by an interval correspondiﬁg

35 to the signal delay produced by each of the BPFs 7 and 9. A&n output
terminal of the delay line 25 is connected to a first input of a third
subtracting circuit 26 having a second input connected to the output

“*
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havi ng a frequency of approximately 3.58 MHz. Under} tfi€S€ conditions,} 5

the signals a + b (supplied to the input Sl of the jexicl 4% pgER @oToatie I51)d
pgt1e

and b + ¢ (supplied to the input S2 of the exclusive-

gate 51) sdU
respectively by the adding circuits 11 and 12 will pgp

i

Figure 13. The signals Sl-and S2 are sahpled at the} points indicated by the

cross marks superinposed on their illustrated 10 waveforms, SO0 that the
output SL [ Qebhiad 94 ! e SYeldSt iy CTRBLE 241 Ls Bpeitlisbe N0V GrdallGe 't%g
val ues indicated in Fi urQ' i3 wave m I'n c rres ence

with each patpiggncgfighahgY (S’iynfltb““!ﬁm tl"ﬁé“&&*!ﬁoabf‘%‘i"%m ghgopyitle- OR
gate 51 alt esuppl s betmeeoucbmglc@r 1lu"alamr &l the\aeh edl bdplafie S&IRBSSi ve

I "1
P2 10 | 1l sughl UL P o B2 s Bt SR s 0

Accor di n§l y,"Yf' @oogt pminpnqg signal output. terminal 27 of the comb filter
circuit, '

With reference to Figure 3, the phases of exemplary output
signals provided by the BPFs 6, 8 and 10 are illustrated therein by
waveforms a, b and c¢, respectively, wherein the waveforms of

10 coincident signals are vertically al igne&. Phases of other signals as
well as logic levels of coded signals appearing at respective
terminals of the Figure 2 circuit are also illustrated in Figure 3.
In the example of Figure 3, a phase inversion of the chrominance
signal representing a change to a complementary colour is represented

15 by a vertical dashed line in each of the waveforms a, b and ¢. In the
example of Figure 3, the luminance signal is constant.

When the signals represented by the waveforms a, b and ¢ are
supplied as inputs to the adding circuits 11 and 12, they combine
subtractively to cancel one another so long as their phases are

20 inverted. However, -upon the occurrence of a colour change as
described above, the phases of these signals on successive lines
coincide so that they combine additively as shown for the waveforms “a
+ b" and "b + ¢" in Figure 3, thereupon resulting in a logic "one"
output by the respective coding circuits 17 and 20 represented by the

25 signals@ and{y) in Figure 3. Conversely, the out'puts@and@provided
respe'cti'vely by the BPFs 7 and 9 from the outputs of the signal
subtracting circuits 4 and § are eliminated upon the occurrence of a
colour change.

When this takes place, thé eircuit of Figure 1 eliminates the

30 chrominance signal components of the horizontal line interval in which
the colour change occurs, resulting in dot interference. To avoid,
this the logic signal processor 21 is operative to contr61 the switch
23 so that it selects the signal ®)at such times that (®@,@) = (0,
1) indicating that a colour change has occurred between the signals

35 applied to the input terminals of the adding circuit 12, so that a
drop-out of the chrominance signal "C" is avoided. It wiil alsa be
seen from Table I that, upon the occurrence of a colour change between

-
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"Referring to Figure 14, the waveforns a, b and c{répresent |um nhnge signal

conponent s having a frequency of approximately 6 MHz 2 26EB 92 s ghal s S1

-

and S2 corresponding to the outputs a + b and b + ¢, respectivelly,| produced
by the adding circuits 11 and 12 are ilflustrated{in Figure 14 whergin
signal sanmpling points are represented by open cii lLxpased on the
waveforms of the signals S1 and S2. The S1 and S2 signal waveforns of

Figure 14 2the sigpabsesupplird |tovéhe addippi pireubbndhi hreswdtheg ifrorthel axis

t her eof andp‘u&%eﬁgptod qg'kf'c " f
axis. The logic | evel outgut S

51, accor di Agi8pred Joghead

corr espondepge likéWiseashaywdded at subk timep| dccdirdrgly, Sl radubtddn inlthe
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level of the chrominance: signal “C" due to chrominance signal
inversion is thus avoided so that the chrominance signal "C" produced
at the output terminal 24§ corresponds to the chrominance signal
compaonent in the composite colour video signal “Y + C* ;Srovided at the

_output of the delay line 25. Accordingly, a luminance signal “¥Y" will

be provided at the output terminal 27 which 1is free of dot
interference under these circumstances.

Referring now to Figure 4, the phases of further exemplary
output signals from BPFs 6, 8 and 10 are illustrated therein by
waveforms a, b and ¢ respectively, where a chrominance signal first
appears on a given horizontal line of bhe composite colour video
signal *Y + C%, while the level of other signals together with logic
levels of coded signals appearing at respective terminals of the
Figure 2 circuit are also illustrated in Figure 4. Where a composite
colour video signal having these characteristies is applied to the
comb filter shown in Figure 1, a deterioration ir_: the level of the

nd BV gl O N{G, Ofy OrgnAPQY ri zontal
i Y& 4 duf:ed g’y tbr?g exg'l‘atl}gﬁ/ggd? gate

£ene Bikoal BrPech LAY GHESH AR SARAL BFR-So © o

chrominance signal supplied by the subtracting circuit 103 occurs as.

shown in the case of the signals @ and (D of Figure ¥. The result is
a deterioration in the vertical resolution of the image produced with

the use of the signals output by the Figure 1 filter ecircuit.’

However, in the case of the adaptive comb filter of Figure 2, the

partially attenuated signals(® and @) are rejected thereby such that
vertical resolution is improved under these conditions.

With reference to Figure 5, phases of sti{ll further exemplary
output signals from the BPFs 6, 8 and 10 are represented by waveforms

a, b and ¢, respectively, thereof to iilustrate luminance signal.

components within the frequency band of the chrominance signal, such
that the phases thereof coincide on successive horizontal scan lines.
The corresponding amplitudes and states of signals appearing elsewhere

in the circuit of Figure 2 simultaneously therewith likewise are .

fllustrated in Figure 5. With reference again to Table I, it will be

seen that the presence of such luminance signals at the output of the .
BPF 8 simultaneously with the presence thereof either at the output of
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Figure 14 t

characteristics represented by the waveforns a, b
14 are provided at the inputs of the adding circui
stgnal Qfromthe NOR gate 61 will remaigh at a logic "0" 35
wi |l be seen that, under the conditions qnl

the output signal supplied by the AND gate 62 is

e seen fromthe illustrated val ues of
hat, so |l ong as |um nance signal conpon

s ngt@%@e s
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1), whereupon the signal(®) supplied by the BPF 9 is selected by the
switching cirecuit 23 whenever the signal Y ' = 0O {to reject the
residual luminance signal component concurrently present in the signal
(® ), whereas the signal (D is selected by the switching circuit 23
whenever the signal combination (& *,(®') = (0, 1) (to reject the
residual luminance signal component then present in the signai(® ).
fccordingly, under the circumstances illustrated in Figure 5, a
chrominance signal "C" free of such luminance signal components is
produced at the output terminal 2i.

Referring now to Figure 6, outputs from the BPFs 6, 8 and 10
are symbolized therein by the waveforms a, b and ¢, respectively,
which represent the existence of a chrominance signal on only one
particular scanning line, while the level of the luminance signal is
simlbaneouély constant. The corresponding amplitudes and states of
signals appearing elsewhere in the circuit of Figure 2 simultaneously
therewith 11kewise are illustrated in Figure 6. It will be seen from
Figure 6 that, whether the signal@or the signal (@ is selected when
this solitary chrominance signal appears at the output of the BPF 8,
a deterioration in the level thereof is unavoidable. #ccordingly,
under these circumstances, the chrominance signal () provided at the
output terminal of the BPF 22 is selected by the switching circuit 23,
as will be seen with reference to Table I under the conditions that
®,8 @' and@* all equal a logic “one" level indicating that
neither the luminance signal not the chrominance signal possesses
vertical correlation. Under these circumstances, the signal (@ is
provided at the output terminal 24 by the switching circuit 23 and is
free of the signal deterioration then present in the signals(H) and .

In summary, the adding circuits 11 and 12 and the signal

subtracting cireuits 4 and 5 serve respectively to produce signals

indicating vertical correlation of the luminance signal and of the
chrominance signal, so that signals which strongly correlate may bq
selected to produce the output chrominance signal "C", On the other
hand, when the signals do not correlate satisfactorily, the output
from the conventiz)nal BPF circuit is instead selected to produce
luminance and chrominance signals of high quality.

With reference now to Figure 7, wherein elements

‘"'} 'S2' as shovm in

Shown iin {Fi gure
si.11 and.l2 —tHe Jout put

24 mai ntai ned at a

-



the correlation conparator 120 will be operative, urd -r—-H=rese~—e~endeﬁ
to prevent the selection of the signal
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the | um nance signal, such as sweep signal conponentisiand the like,!af
sufficiently large to enable their detecbion by the{horizontal correl
detecting logic circuit. Wiere, however,
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the signal X therefrom. The adding circuit 28 is operative to provide
an output signal W in accordance with the following relationship:

@ = (D+@D)2 = {(b-a) + (b-c)}/2 eee (1)
Accordingly, the adding circuit 28 produces a signal () based on the
correlation of three horizontal scan lines and corresponding to the
output of a so-called 2H comb filter. An output terminal of the
adding circuit 28 is connected to a fourth input 23d of the switching
circuit 23.

In the adaptive comb filter of Figure 7, a modified logie
signal processor 100 is operative to control the operation of the
switching circuit in accordance with the logic signals@®@, @, @' and
D * input thereto in accordance with Table I1 below, wherein the logic
signal states are expressed in the same manner as in Table I: .

TABLE II

t udes

®
®
&
]

selection of input §ignals
by switching circuit 23

R NI N R -2

o | e jO WO
]
t
olelelele|®

‘With reference to Table II, it will be seen that, when signal
correlation .is present between the signals appearing on the three
successive horizontal scanning lines represented by the waveforms a,
b and ¢, the logic signals (@ and §) assume a low or "O" logic level
such that the signal ({)at the output of the adding circuit 28 is
selected by the switching circuit 23. Under the remaining conditions
listed in Table II, the selection of the input signals by the
swltching circuit 23 corresponds to that of the Figure 2 adaptive comb
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15 control the switching circuit 23 to sel ect tthgLéggMEfﬂ S -Eﬁg t he

out put chrom nance signal "C', the probability that jthe signal [efr

be sel ected

signals [a]

erroneously due to noise is subdtdnt?2lFABB 199&duge
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Cansequent |y, it unnecessary to provi de neans for |rdnovi ng noise fr?')mthe

filter of Fi

chrom nance
Accordingly,

, [b] and [c], such as a LPAo so that {t he—adaptive—20

conb

gure 12 can be considerably sinplified. The BPFs 121, 122 and
123 of the adaptive conb filter enbodi ment of Figures 12 have relatively
wi de pass bamdtternsirduiy ashgrpneassed dngiabdeyi bands of the | unmi nance and
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A %haﬁégaéesulting in a phase inversion occurs at successively
later intervals differing by one-half of the colour sub-carrier
wavelength from line to line at the output terminals of the BPFs 6, 8
and 10. The corresponding amplitudes and phases of signals appearing
elsewhere in the circuit of Figure 7 therewith simultaneously likewise
are illustrated in Figure 8. Under these circumstances, the signal @
is selected except at such times that the signals of two successive
lines correspond in phase, whereupon either the signal@or the signal
@ is selected to avoid the concurrent deterioration in the level of
the signal W. Accordingly, in the adaptive comb filter of Figure 7,
when the signals a, b and ¢ from successive horizontal scan lines
exhibit good correlation, the adaptive comb filter acts as a 2H comb
filter which provides superior separation of the chrominance signal.
When the chrominance signal derived in this manner is subtractively
combined with the composite colour video signal “Y + C" in the
subtracting circuit 26, dot interference can be reduced by 6 dB, thus
providing improved image quality.

In the adaptive comb filter circuits of Figures 2 and 7, the
coding ecircuits 17 to 20 compare the input absolute value signals with
a predetermined voltage level. In the event that the levels of the
input signals change, the coding circuits 17 to 20 may be ineffective
to encode properly the input signals if the level thereof does not
reach the predetermined voltage level. If the predetermined voltage
level is reduced in an attempt to enable proper encoding of weaker
signals, the probability that noise present in the input signal will
interfere with proper operation of the adaptive filter circuit is
increased.

| According to the present .invention there is provided an
adaptive comb filter for separating at least one component of a video
signal, the filter comprising:
a filter input terminal for receiving said video signal;
first and second signal delay means for delaying signals supplied to
respective input terminals thereof and providing respective delayed
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sel ection of the signal[err] by the switch 23 of the adaptive conb filter
of Figure 12 results in a cross colour 35 effect which is generally
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?nput terminal and the output terminal thereof being coupled to the
input terminal of the second delay means;

§ first and second signal subtracting means for each producing output
difference signals at a respective .output terminal thereof
representing a difference between signals supplied to a respective
plurality of input terminals thereof, first and second input terminals
of the first signal subtracting means each being coupled to a

10  respective one of the input and output terminals of said first signal
delay means and first and second input terminals of the second signal
subtracting means each being coupled to a respective one of the input
and output terminals of said second signal delay means;
first signal adding means for producing a summation signal at an

15 output terminal thereof representing a summation of signals received
at first and second input terminals thereof, said first and second
input terminals of said first signal adding means being respectively
coupled with said output terminals of said first and second signal
subtracting means; .

20 first switching means for selectively providing one of a plurality of
input signals received at respective input terminals thereof to an
output terminal thereof, said first switching means having first and
second input terminals respectively coupled to said output terminals
of said first and second signal subtracting means, a third inpu§'

25 terminal coupled to the output terminal of said first signal adding
means and a fourth.input terminal coupled to the output terminal of
said first signal delay means, the output terminal of said switching
means being operative'to provide a first component of said video
signal; '

30 second and third signal adding means for each producing a summation
signal at a respective output terminal thereof representing a .
summation of signals received at respectiive first and second input
terminals thereof, said first input terminal of each of said second
and third signal adding means being coupled to the output terminal of

35 said first signal delay means, said second input terminal of said
second signal adding means being coupled to said filter inputs.
terminal, and said second input terminal of said third signal addingfj
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the operation of the adaptive conb filter of Figured 32 5 can be
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signal at a respective output terminal thereof representing an
absolute value of a signal received at a respective input terminal
thereof, the input terminals of said first and second absolute value
means being respectively coupled with the output terminals of said
second and third signal adding means, respectively; and _
controlling means for controlling the selective provision of input
signals by sald first switching means to its output terminal based
upon a relative value of the output signals produced at the output
terminals of said first and second absolute value means.

According to the present invention there is also provided an
adaptive comb filter for separating at least one component of a video
signal, the filter comprising:

a filter input terminal for receiving said video signal;

first delay means for delaying said video signal by a first interval
to produce a first delayed video signal;

second delay means for delaying said video signal by a second interval
to produce a second delayed video signal;

first difference means for producing a first difference signal
proportional to a difference between said video signal and said first
delayed video signal;

second difference means for producing a second difference signal
proportiénal to a difference between said first delayed video sigﬂal
and said second delayed video signal;

first summing means for producing a first summation signal
proportional to a summation of said first difference signal and said
second difference signal;

first signa; selecting means for controllably selecting one of said
first difference signal, said second difference signal and said first
sunmation signal as said at least one component of said video signal;
secénd sumning means for producing a second summation signal

proportional to a summation of said video signal and sald first

delayed video signal;

third summing means for producing a third summation signal
proportional to a summation of said first delayed video signal and

t he BPF
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A further switching circuit 72 is provided in parall .-Wlth ‘the-swi tc}n ng

circuit 23 and has a first input connected to the OlL ?eég gfm al of
the subtracting circuit 4 to receive the signal [ert‘] t FPO@] egond
I nput connected to the output term nal % t he subtr t
receive the signal [err] therefromand a“third inpu connect ed to the
output termnal of the adding circuit 28 to receive ' '

t herefrom T éasg%ﬂﬂclag%egl Gfd%tsiégai‘-ain@n 20 output term nal connected

to the outpufs erm na adapti've comb filter CII‘CUI'[ to supply the
chrom nance spofrel meansg h@resantr?h%iwtbemﬂgcsi%mﬁ on® qfs 3id, Einste under

the control qgfrfereate ekpgriadl smmayeabm:t dﬁ(ret-ého%eIsegﬁalormdokaidleriﬁ%put
signals [err]

r err e I o] the t t 4 as
t he out put cl’?f‘%'?ﬁtr‘} ﬂcéié nay g%_‘ta ﬁggp ‘J"%ﬁgf coerlﬁ(éf’ |§§£ncso(r%r’pag%£t‘t‘?rg130
oper ates ign &bm@mmmmﬁ of said second summation signal and said third

summation signal.

According to the present invention there is also provided a
method of separating a chrominance signal from a composite colour
video signal, the method comprising the steps of :

10 delaying said composite colour video signal by a first interval to
produce a first delayed video signal;
delaying said composite colour video signal by a second interval to
produce a second delayéd video signal; .
producing a f‘irst' difference signal proportional to a difference

15 between said compesite colour video signal and said first delayed
video signal;
producing a second difference signal proportional to a difference
between said first delayed video signal and said second delayed video
signal;

20 producing a first summation signal proportional to a summation of said
first difference signal and said second difference signal;
producing a second summation signal proportional to a summation of
said composite colour video signal and said first delayed video
signal;

25 producing a third summation signal proportional to a summation of said
first delayed video signal and said second delayed video signal; and
selecting one of said first difference signal, said second difference
signal and said first summation signal as said chrominance signal
based upon a comparison of relative magnitudes of said .second

30 summation signal and said third summation signal.

In éccordance with an aspect of the present invention, an
adaptive comb filter for separating at least one component of a video
signal comprises a filter input terminal for receiviné said vid'eo
signal; first and second signal' delay means for delaying signals

35 supplied to respective input terminals thereof and providing the
delayed input signals at respective output terminals thereof, the
input terminal of the first signal delay means being connected to said
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.the correlation conparator 120 of the enbodi nent ol %FEB 87 except that
when the correlation conparator 130 controls thejspmtching circujti 23 to

select the input signal[err] it sinultaneously contrels—the—swit h ng
circuit 72 to select the input signal fderr] to bé supplied as 30 ‘the
chrom nance signal "C' at the output termnal 24. TT "Wl bé Seen,

therefore, that in the enbodi nent of Figure 15 the pass band of the BPF 71
may be sel dtbeF tiBPPﬁpmnB‘aLlhé“‘? 5 QUERRE Sermipal | mtﬁ‘éng’é‘ s § '

accor di ngl ydelay means dbéingl ¢annected o bhe 1apitngeraitalben dhe diceond slkt&l
oo D Seihahndl (Ahg, O Wi peged Mibflectie melE'F Smdlif 020
chr omi nanc euspen 81 fSerenceagéenalanahi gespective. tdubputanterninals tthereuf conb
filter autpdprédcitthg beffekehdes between signals supplied to respective first
and second inpl_.lt terminals thereof, the first and second input
terminals of the first signal subtracting means being connected to the
input and output terminals, respectively, of the first signal delay
means, the first and second input terminals of the second signal
10 subtracting means being connected to the input and output terminals,
respectively, of the second signal delay means; first signal adding
means for producing a summation signal at an output terminal thereof
representing a summation of signals received at first and second input
terminals thereof, the first and second inpub terminals of the first
15 signal adding means being respectively coupled with the output
terminals of the first and second signal subtracting means,
respectively; switching means for selectively providing one of a
plurality of input signals received at respective input terminals
thereof to an output terminal thereof, the switching means having
20 first and second input terminals coupled with the output terminals of
the first and second signal subtracting means, respectively, a third
input terminal connected to the output terminal of the first signal
adding means and a fourth input terminal connected to the output
terminal of the first signal delay means, the output terminal of the
25 switching means being operative to provide a first component of the
video signal; second and third signal addmg means for producing
summation signals at respective output terminals thereof representing
summations of signals received at first and second input terminals of
the respective signal adding means, the first input terminals of the
30 second ahd third signal adding means being cotnected to the output
terminal of the first signal delay means, the second input terminal of
the secoqd signal adding means being connected to the filter input
. terminal, and the second input terminal of the third signal adding
means being connected to the output terminal of the second signal .
35 delay means; first and second absolute value means for producing
output signals at respective output terminﬁls thereof representing
absolute values of ‘signals received at respective input terminals
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that the phases 5 of the chrom nance qégnal corfponents of the
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signal adding means, respectively; and controlling means for
controlling the selective provision of inpht signals by the switching
5 means to its output terminal based upon a relative value of the output

signals produced at the output terminals of the first and second
absolute value means,

tal line

In accordance with another aspect of this invention, an

adaptive comb filter for separating at least one component of a video

10 signal comprises a filter input terminal for receiving said video

signal; first delay means for delaying the video signal by a first

interval to produce a first delayed video signal; second delay means

for delaying the video signal by a second interval to produce a second

delayed video signal; first difference means for producing a first

15 difference signal proportional to a difference between the video

signal and first delayed video signal; second difference means for

.producing a second difference signal proportional to a difference

between the first and second delayed video signals; first summing

means for producing a first summation signal proportional to a

20 summation of the first and second difference signals; first signal

selecting means for controllably selecting one of the first difference

signal, the second difference signal and the first summation signal as

the at least one component of the video signal; second sun;ming means

for producing a second summation signal proportional to a summation of.

25 the video signal and the first delayed video signal; third summing

means for producing. a third summation signal proportional to a

summation of the first delayed video sighal and the second delayed

video signal; and control means for controlling the selection of one

of the first difference signal, the second difference signal and the

30 first suinmat,ion signal by the first signal selecting means based upon
relative magnitudes of said second and third summation signals.

In accordance with a further aspect of this invention, a

- .-
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method of separating a chrominance signal from a composite colour
video signal comprises the steps of delaying the composite colour * )
35 video signal by a rirst interval to produce a first delayed video: ,
signal; delaying the composite colour video signal by a second
interval to produce a second delayed video signal; producing a first
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proportional to a summation of the t‘ixfét and second difference
signals; producing a second summation signal proportional to a
summation of the combosite colour video signal and the first delayed
video signa_l; producing a third summation signal proportional to a
summation of the first and second delayed video signals; and selecting
one of the first difference signal, the second difference signal and
the first summation signal as the chrominance signal based upon a
comparison of relative magnitudes of the second and third summation
signals. .

The invention will now be described by way of example with
reference to the accompanying drawings, throughout which like parts
are referred to by like references, and in which:

Figures '1, 2 and T are circuit block diagrams of examples of
previously proposed comb filters for separating luminance and
chrominance signal components of an NTSC composite colour video
signal;

Figures 3 to & and 8 are waveform diagrams referred to in
connection with Figures 2 and 7;

Figures 9 to 11 are respective circuit block diagrams of
first to third embodiments. of adaptive comb filter in accordance with
the present invention for separating the luminance and chrominance
signal components of an NTSC composite colour video signal;

Figure 12, comprising Figures 124 and 12B, is a circuit block
diagram of a fourth embodiment of adaptive comb filter in accordance
with the present invention for separating luminance and chrominance
signal components of an NTSC composite colour video signal;

Figures 13 and 14 are waveform diagrams referred to in
connection with Figure 12;

Figure 15, comprising Figures 154 and 15B, is a circuit bloeck
diagram of a fifth embodiment of adaptive comb filter in accordance
with the present invention for separating luminance and chrominance
signal components of*an NTSC composite colour video signal;

' Figure 16, comprising Figures 164 and 16B, is a circuit block

AU AT e
of signal delay circui.ts 2a and 2b each provideBEgLéggﬁﬁﬁTagﬂapr Y
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thereof is connected to an input of the delay qiffcuit 2b is 15 connect ed
to the input of the delay line 25 as wgg!| as tq t ' BPF 122. A
second pair of delay circuits 3a and 3b is proy\ided each servinglto del ay
signal s provided at a respective input thereof by one horizontal |ine
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bel ow:
connection with Figure 16; and

Figure 21 is a waveform diagram of input colour video signals
illustrated in Figure 20. .

In the first embodiment of adaptive comdb filter, shown in
Figure 9, first to fourth low-pass filters (LPFs) 31 to 34 are each
operative to attenuate high frequency components of signals supplied
at a respective input terminal thereof and having a .filter
characteristic selected as: '

(1+227Y 4 272y e {2)
where Z represents the sampling cycle. The output terminals of the
absolute value generating circuits (ABSs} 13 to 16 are each connected
to the input terminal of a respective one of the LPFs 31 to 34. the
LPFs 31 to 34 are each operative to produce a respective correlation
signal x, X, Y and y at a respective output terminal th;reof. Each of
the output terminals of the LPFs 31 to 3Y is connected to an input of
a signal éo}relatlon comparator 35. the correlation comparator 35 is
operative to compare the signéls x, X, ¥ and y supplied thereto for
controlling the selection of the input signals(®), ()] ,@and@by the
switching circuit 23. To do so, the correlation comparator 35
compares the rélative magnitudes of the correlation signals x, X, Y,
y and-determines the selection of the input to the switching circuit
23 in accordance with the relationships of the input correlation
signals set forth'in the left-hand column of Téble I11 below.

' TABLE 111

@hresinangs, t

Relationship of input Selection of input
correlation signals * signals by switching
circuit 23

y > 2x @

y < ix

Ly < x < 2y and }Y < X 5 2¥
and x, v, X, Y » 0 and X < 2x
and Y < 2y

Cases other than those
described above

®
@
®
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Y > 4x 1997<
1/38%E8
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It has been observed that when y > 2x, non-correlation
frequently exists between the signals b and ¢; accordingly, as
indicated in Table III above, the correlation comparator 35 is then
operative to control the switching ecircuit 23 to select the ‘input
signal X . Furthermore, it has been observed that when 1/23! £x<2y
and 1/2‘1 < X € 2Y, generally the chrominance signal exists only on one
scanning line. In that case, when in addition the correlation signals
X, ¥, X and Y £ 0 and X < 2x and Y <2y which ensures a sufficient
signal level, the signal @ is selected by the switching circuit 23
under the control of the correlation comparator 35. In all other
cases, it is found that the correlation of the input signal is
sufficiently high, so that the signal{® is selected.

Since the correlation comparator 35 compares the relative
magnitudes of the correlation signals x, ‘X, Y and y for determining
whether non-correlation exists therebetween, this determination is
unaffected by a change in the absolute levels of the correlation
signals, thus enabling the Figure 9 .embodiment reliably to separate
the luminance and chrominance signal components "Y" and “C" despite
such variations in signal levels.

In the adaptive comb filter of the Figure 10 embodiment, ABSs
36, 37 and 38 are each operative to produce signals at a respective
output terminal thereof proportional to the absolute value of
corresponding signals received at a respective input terminal thereof.

/ 4X

r] 4y.

si gnal s by swilt TG Ci'r CUi tsé{Z% and 72

The input of the ABS 36 is connected to the output terminal of the ABS

6 to received the signal "a" therefrom and provides an absolute value
signal {é[ at its -output terminal which connected to an input of a
signal correlation comparator 110. The input of the ABS 37 is
connected to the output of the BPF 8 to received the signal *b"
therefrom and provides an absolute value signal (bj at its output
terminal 'uhi'ch is connected to a further input of the correlation
compérator 110. The input of the ABS 38 is connected to the output
terminal of the BPF 10 to receive. the signal "e" therefrom and
provides an output signal {c{ at its output terminal which is
connected to a further input of the correlation comparator 110. The
correlation comparatc;r 110 is operative to control the selection of
the input signals@®@:, ® , @ and @by the switching eircuit 23 based
upon the signals x, y, {al , {bf and (c{ to effect the selection of

-
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Igure 16 enbodi ment specifically to accommdate such

TABLE IV
Relat:.onship of input Selection of in
ut
correlation signals signals by sthghlng
) circuit 23
Y > 2% @
Yy < ix - ®
al| + |fe] « b .
by < x < 29 fal + je] < ¥[p] @
In other cases ®

As in the case of the Figure 9 embodiment, the adaptive comb
filter of Figure 10 is operative to seleet the signal@as- the output
chrominance signal component “C" whenever y > 2x, and is operative to

select the signallas the output chrominance signal "C" whenever y <

1/21:. It has been observed that when ‘_lzy £ %x. 2y either the signal
correlation is higher than a predetermined level or else non-
correlation exists. Under these conditions, it has been observed that
when {a{ + {c({ € {b{ , the chrominance signal generally exists only on
one scanning line, that is, at the output of the BPF 8. In accordance
with this observation, and in order to minimize the effects of signal

noise, the eorre_lation comparator 110 is operative to cause the,
switching circuit 23 to select the input signel@when both 1/2y £x

L 2y and {a{ + {ef £ 1/2 \bt . In all other cases, when the signal
correlation exceeds a predetermined level, that is, when 1/2 < x <2y,

the signal@is selected by the switching 23 circuit under the control
of the correlation comparator 110.

As. in the case of the Figure 9 embodiment, the adaptive comb

filter of Figure 10 is capable of provided reliable separation of .

luminance and chrominance signal components from the input composite
colour video signal despite changes in the absolute levels of the
input video signal, since the correlation comparator 110 compares the
relationship of the absolute values of the signals a, b and ¢. In
addition, since the selection of the band-pass filtered chrominance
signal@is conditioned upon the relationship fa( + (e ¢ 1/2 {bt ,

T
S | oyed by
E%ZPEB?QZ?ea rTipf /2
ffects in
conponent of the PAL conpgsite col our video| signal
The polarity of the col our sub carrier of the PAL—conpusTte Col OuUr video
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Wth reference now to Figure 17, the anplitudes
exenplary output signals from the BPFs 121
represented by the waveforns a, b and c, respecti ade where a
chrom nance signal first appears on a given hor 't He PAL

» conposite colour video signal supplied2at the ijnput termnal 1, while the
I evel of the lum nance conponent thereof is constant. 30 WTH The

exception of the logic signals [err] and [err] (described below, the
remai ni ng wahef prokabilitystthat e4he nadapgive cpmbr Epttesenf the MQES 1&nd

ampl | tudes Qhpbditen®'visERIRSARALY Labet liad vihdaks repidiel depharipidaet he

signal s a, represent ed _therein. be seen from Fi ure 17 that
when such- cffPo?ﬁiﬁﬁn’c,%sg?%&F“é&Vrﬂ'ﬁﬂ'é‘Fﬁds &F‘é""&‘ﬁﬁﬂyedi% S Jppgcessary $fe i nput
of either ofprofides Uokrpadsi M3itdriagi éredityd for id@iving agyiset from deput

signals ger rclutgutl %iéxlaﬂr Sro%tiéed"gfttﬁg aWﬁt{aeﬁﬁﬁg eBQratttfr?g eirecuits 36,
37 and 38 in the Figure 10 embodiment, so that the circuitry thereof
can be considerably simplified.

In the embodiment of Figure 11, BPFs 6 to 10 of the Figure 10
embodiment have been eliminated and in place thereof a single BPF 39
10 is utilized having the same characteristics as those of the BPFs 6 to
10. An input terminal of the BPF 39 is connected to the input
terminal 1 and an output terminal thereof is connected to respective
inputs of the delay line 2, the subtracting circuit U and the adding
circuit 11 to supply the band-pass filtered composite colour video
15 signal "a“ thereto. Since the luminance signal components of the -
signal at the output terminal of the delay line 2 have béen largely
eliminated by the BPF 39, a further delay line 40 operative to delay
signals received at an input terminal thereof by one horizontal line
period delay of the composite colour video signal "Y + C" provided by
20  the delay line 2 in the preceding embodiments. Accordingly, the input
of the delay line 40 is connected to the input terminal 1 to receive
the composite colour video signal "Y + C" and an output terminal
thereof is connected to the input of the delay line 25. It will be
appreciated that the adaptive comb filter of Figure 11 is further
25 simplified with respect to that of Figure 10,
‘In the eml;odiment illustrated in Figure 12, BPFs 121, 122 and
123 having the same characteristics of the BPFs, 6 to 10 of the Figure
10 embodiment are provided. An input of the BPF 121 is connected to
the input terminal 1 and an output ‘terminal thereof is connected to a
30  respective input terminal of each of the signal subtracting circuit Y4,
‘the adding circuit 11 and the ABS 36. The input of the BPF 122 is
connected to the output terminal of .the delay line 2 and an output
terminal thereof is connected to a respective input terminal of each
of the subtracting circuits # and 5, the adding circuits 11 and 12 and
35 the &BS circuit 37. “The input of the BPF 123 is connected to the
output terminal of the delay line 3 and an output terminal thereof is
connected to respective inputs of each of the signal subtracting

g
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correlation detecting logic circuit which is operative to detect
horizontal correlation of luminance signal components present in the
chrominance signal frequency band of the composite colour video signal
"Y + C*, The horizontal correlation detecting logic circuit- includes
an exclusive~OR gate 51 having a first input 51 connected to the
output terminal of the adding circuit 11 and a second input S2
connected to the output terminal of the adding circuit 12. An output
terminal of the exclusive-OR gate 51 is connected to an input of a one
sample cycle delay circuit (D) 52. An output terminal of the delay
circuit 52 is connected to an input terminal of an OR gate 53 and the
input of the delay circuit 52 is connected to a second input of the OR
gate 53. An output terminal of the OR éat;e 53 is connected to an
input of a further delay circuit (D)} S# which also provides a one
sampling cycle delay, and an output terminal of the delay circuit Si
is connected 'to an input of a still further delay ecircuit (D) 55
providing a further one sampling cycle delay. A NAND gaté 56 having
three inputs is provided such that its first input is connected to the
output terminal of the OR gate 53, its second input is connected to

the output terminal of the delay circuit 54 and its third input is

connected to the output terminal of the delay circuit 55.

The output terminal of the delay eircuit 52 is also connected
to an input of another delay circuit 57 which provides a one sampling
eycle delay and has an output terminal connected to an input terminal
of an exclusive-OR gate 58, The second input of the exclusive-OR gate
58. The second input of the exclusive-OR gate 58 is connected to the
input of the delay circuit 52, Still another delay circuit (D) 59
providing_ a one sampling cycle deiay has an input connected to the
output terminal of the exclusive-OR gate 58 and an output terminal
connected to an input of another delay circuit (D) 60 providing a
further one sampling cycle delay. A-three input NOR gate 61 has its
first input connected to the output terminal of the exclusive-OR gate
58, its second input connected to the output terminal of the delay
circuit 59 and its third input connected to an output terminal of the
delay circuit 60. & two input AND gate 62 has its first input
connected to the output of the NAND gate 56 to receive an output.

.
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the BPFs 121, 122 a 123 are re resente
correlation comparator 120 having inputs each connected with a

5 respective one of the output terminals of the LPFs 31 and 34 and of
the ABSs 36, 37 and 38 to receive the signals x, y, (a(,(b[ and (q,
respectively, therefrom. The correlation comparator 120 has a further
input connected to.an 6utput: terminal of the AND gate 62 to receive an
output signal o¢ therefrom. The correlation comparator 120 is

10 operative to control the selection of the input signals(® , ® ,(D and
@ by the switching circuit 23 in accordance with the correlation
signal relationships expressed in the left-hand column of Table V

below.
TABLE V
15
Relationship of input . Selection of input
correlation signals signals by switching
circuit 23
y > 2x ®
y < ¥x ®
20 " jal + fe} < ¥{p] @
by < x g 2y
and a = 1
In other casés (%)

With reference to Table V, in the embodiment of Figures 12,
25 1like that of Figure 10, the correlation comparator 120 1s operative to
control the switct;ing eircuit 23 to select the input signal @ when y
> 2x, and is operative to control the switching circuit 23 to select
the sigﬁal@when y< 1/2x. When either the correlation is higher than
the predetermined level or non-correlation exists, such that 1-lzy £{x
30 <2y, the correlation comparator 120 controls the switching circuit 23
to select either the signal@ or the signal@. As in the case of the
Figure 10 embodiment, a condition for the selection of the signal®@is
that (a] + (e[ < 1/2(b1', indicating generally that the chrominance
signal exists only at the output of the BPF 122. The second condition
35 for the selection of the signal Z is thato<= 1 indicating 'the absence
of horizontal correlation, which is explained below in connection with

the examples of Figures 13 and 14,
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wavefornms a, b and ¢ therein illustrated. In the exam &Fe%qﬁéfe 148, a
phase inversion of the chrom nance signal conponentsir p? ch

to a conplenentary colour is represented by a 25 veritical dashed Iflirle in
each of the waveforns a, b and c. The logic levels Jerr] an [err] or
Figure 18 represent signals which woul dype produced ¥ '
therefor as in the case of Figure 17 an the remai ni ng waveforns represent
the phases and anplitudes of the correspondingly |abelled signals

coincident with t heusugnﬂém:ﬁlceb rerd t;BOFz?Lﬁ'er a3, ewsvdR¥mé e[ ebNand | 8 the
R R R St LAV N R
18 are suppli2@dasd 123pme_§m@ivhh!,a§d|irlgushmceuhmmahcamllghal doapynentsbi ne
subtracti velpsvifg AP RueRC of ABPKInSR1y 01883z, Under these conditions,
5 the signals a + b (supplied to the input S1 of the exclusive-OR gate
51) and b + ¢ (supplied to the input S2 of the exclusive-OR gate 51)
supplied respectively by the adding eircuits 11 and 12 will appear as
shown in Figure 13. The signals S1 and S2 are sampled at the points
indicated by the cross marks superimposed on their illustrated
10 waveforms, so that the output S1 @ S2 of the exclusive-OR circuit 51
will have the logic values indicated in Figure 13 beneath the waveform
82 in correspondence with each pair of sampling points. Since the
output of the exclusive-OR gate 51 alternates between logic "1" and
"0" levels with each successive sampling interval, the output of the
15 OR gate 53 remains at a logic "1" level so long as the signals a, b
and ¢ continue as shown in Figure 13. Accordingly, the output P of
the NAND .gate 56 at the same time will remain at a logic "O" level.

Referring to Figure 14, the waveforms a, b and ¢ represent
luminanee signal components having a frequency of approximately 6 MHz.
20 The signals S1 and S2 corresponding to the outputs a + b and b + ¢,
respectively, produced by the adding eircuits 11 and 12 are
illustrated in Figure 14 wherein signal sampling points are
represented 'by open circles superimposed on the waveforms of the
signals S1 and S2. The St and S2 signal waveforms of Figure 14
25 represent "0" levels at points beneath the horizontal axis thereof and
represenf logic "q" Jevels at points on or above the horizontal éxis.
The logic level output 81 (& S2 produced by the exclusive-OR gate 51,
accordingly, assumes the values indicated beneath the waveform S2 in
correspondence with each pair of the sample signals S1 and S2. It
30  will be Seen_from the illustrated values of S1 @ S2 as shown in
Figure 14 that, so long as luminance signal components having the
characteristics represented by the waveforms a, b and ¢ as shown in
Figure 14 are provided at the inputs of the adding circuits 11 and 12,
the output signal Q from the NOR gate 61 will remain at a logic "“O"

35 level.
It will be seen that, under the cohditions illustrated in
Figures 13 and 14, the output signal supplied by the AND gate 62 is
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C|rCU|ts 4 and 5, their respéctive output
the correlation comparator 120 will be operative, under these

conditions, to prevent the selection of the signal @) . Stated
differently, the signal(® is selected only when middle and high band
components of the luminance signal, such as sweep signal components
and the like, are not sufficiently large to enable their detection by
the horizontal correlation detecting logic circuit. Where, however,
the condition '/,y < x < 2y obtains, and either [a( + fel > 1/, (by or
&= 0, the correlation of the signals is sufficiently high so that the
signal () is selected by the switch 23 under the control of the
correlation comparator 120,

Since the adaptive comb filter of Figure 12 requires that the
relative magnitudes of the signals a, b and ¢ satisfy the condition
(ag + (e < 1/2 (bt before the correlation comparator 120 thereof will
control the switching circuit 23 to select the signal @)as the output
chrominance signal "C", the probability that the signal ) will be
selected erroneously due to noise is substantially reduced.
Consequently, it unnecessary to provide means for removing-noise from
the signals {a( , {b( and (c[, such as a LPF, so that the adaptive
comb filter of Figure 12 can be considerably simplified.

The BPFs 121, 122 and 123 of the adaptive comb filter
embodiment of Figures 12 have relatively wide pass bands ensuring that
the frequency bands of the luminance and chrominance signal components
transmittéd thereby will overlap. Accordingly, in order to increase

the resolution of the luminance signal "Y* at the output terminal 27

" of the adaptive comb Filter, tﬁe BPF 22 is provided with a relatively
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narrower pass band than that of BPFs 121 to 123. Presently, the
chrominénce signal can be limited to a bandwidth of + 500 KHz while
still providing an acceptable image. However, broad band chrominance
signals are required f&r newly developed imaging systems. If the
bandwidth of the BPFs 121, {22 and 123 are broadened accordingly,
however, the resolution of the output luminance signal "Y" will
deteriorate. In addition, the selection of the signal(@ by the switch
23 of the adaptive comb filter of Figure 12 results in a cross colour
effect which is generally inconspicuous since it occurs relatively
infrequently. Nev%rtheless, it is desirable from an aesthetic
viewpoint to provide the greatest possible degree of signal
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encountered in the operation of the adaptive comb filter of Figures 12
can be substantially minimized.

In the embodiment of Figure 15, a BPF T1 possessing a
desirably narrow pass band for improving the resélution of the
luminance signal "“Y" has an input connected to the output terminal of
the switching circuit 23 and an output terminal connected to the
second input of the subtracting circuit 26 to provide the separated
chrominance signal thereto for producing the luminance signal nyn,
Accordingly, the BPF 22 is unnecessary in the embodiment of Figure 15.
A further switching cirecuit 72 is provided in parallel with the
switching circuit 23 and has a first input connected to the output
terminal of the subtracting circuit 4 to receive the signal (@D
therefrom, a second input connected to the output terminal of the
subtracting circuit 5 to receive the signal(ﬁ)therefrom_and a third
input connected to the output terminal of the adding eircuit 28 to
receive the signa].ﬁ@ therefrom. The switching circuit 72 has an
output terminal connected to the output terminal 24 of the adaptive
comb filter circuit to supply the chrominance signal "C" thereto. The
switching circuit 72 is operative under the control of a correlation
comparator 130 to select one of the input signals@ , ®or Dto be
supplied'bo the output terminal 28 as the output chrominance signal
uC", The correlation comparator 130 operates in the same fashion as
the correlation comparator 120 of the embodiment of Figure 12, except
that when the correlation comparator 130 controls the switching
circuit-23 to select the'input signal¢@ it simultaneously controls the
switching circuit 72 to select the input signal@bo be supplied as
the chrdminance signal "C" at the output terminal 24,

It will be seen, therefore, that in the embodiment of Figure
15 the pass band of the BPF 71 may be selected to improve the
resolution of the luminance signal accordingly without simultaneously
narrowing the bandwidth of the chrominance signal at the output
terminal 2. Therefore, the pass bands of the BPFs 121, 122 and 123
may then be broadened to accommodate a chrominance signal of broader
banduidth. At the same time, the 2H comb filter output signal(:>1s
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Referring to Figure 16, it is noted initially that the phases
of the chrominance signal components of the PAL composite colour video
gignal differ by 90° from each horizontal line to the next, so that a
delay of two horizontal line periods thereof will provide a
c¢hrominance signalfwhich is phase inverted with respect to a newly
received chrominance signal, provided that the signals exhibit
vertical correlation. In the embodiment of Figures 16, a first pair
of signal delay circuits 2a and 2b each provides a signal delay
substantially equal to one horijzontal line interval. A&n input of the
delay circuit 2a is connected to the input terminal 1 and an output
terminal thereof is connected to an input of the delay circuit 2b is
connected to the input of the delay line 25 as well as to the input of
the BPF 122,

A second pair of delay circuits 3a and 3b is provided each
serving to delay signals provided at a respective input thereof by one
horizontal line interval. An input of the delay circuit 3a is
connected to the output terminal of the delay circuit 2b and an output
terminal of the delay circuit 3a is connected to an input of the delay
circuit 3b. A&n output terminal of the delay circuit 3b is connected
to the input terminal of the BPF 123. Accordingly, the first pair of
delay circuits 2a and 2b together serve to delay a PAL composite
colour video signal received at the input terminal 1 by two horizontal
line 1ntérvals. Fdrthermore, the second pair of delay circuits 3a and
3b is operative to delay the PAL composite colour video signal at the
output terminal of the delay circuit 2b by a further two horizontal
line intervals, 70 the signal at the output terminal of the delay
circuit 3b is delayed with respect to the input signal by four
horizontal line intervals.

A signal correlation comparator 140 of the adapti#e comb
filter of Figure 16 serves to compare the values x, y, [a|,{b] and \c{
input thereto to determine the selection of an input signal by each of

the switching circuits 23 and 72 in accordance with the relationships
set forth in Table VI below:
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Relationship of input

nsh Selection of input
correlation signals

signals by switching
circuits 23 and 72

y > 4x . ®
y < kx ®
la] + {ec| < k{b] Switch 23 selects signal
by € x < 4y ' T @
and ¢ = 1 Switch 72 selects signal
®
In other cases ®

With reference to Table VI, it will be seen that the relative
ratios employed by the correlation comparator 140 are selected as 1/4
and 4, instead of 1/2 and 2, in order more effectively to eliminate
cross colour effects in the chrominance signal component of the PAL
composite colour video signal.

The polarity of the colour sub-carrier of the PAL composite.
colour video signal differs from that of the NTSC signal. Sinée the
signal correlation comparator 140 compares absolute values of the
signals a, b and ¢, however, modifications need not be made to the
correlation comparator 130 of the embodiment of Figure 15 to adapt it
for use as the correlation comparator 140 of the Figure 16 embodimept
specifically to accommodate such polarity differences. |

_ With reference now to Figure 17, the amplitudes and phases of
exemplary output signals from the BPFs 121, 122 and 123, are
represented by the waveforms a, b and e¢,. respectively, in the case
where a chrominance signal first appears on a given horizontal line of
the PAL composite colour video signal suppiied at the input terminal
1, while the level of the luminance component thereof is constant.
With the exeeption of the logic signals®and{) (described below), the
remaining waveforms illustrated in Figure 17 represent the phases and
amplitudes of the correspondingly labelled signals coincident with the
signals a, b and c represented therein. It will be seen from Figure
17 that when such chrominance signal components are applied to only
one input of either of the subtracting circuits 4 and 5, their
respective output signals @ or ¥) are attenuated with respect to the
input signal. Consequently, the selection of either of the signals @
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5 of Figure 16 advantageously selects the unattenuated one of signals
or Y under these circumstance such that vertiecal resolution is thereby
improved. The enhanced separation of the chrominance signal component
under these condition 1likewise results in a reduction of dot
interference in the luminance signal component "Y" supplied at the

10 output terminal 27.
The logic levels x and y of Figure 18 represent the signals
® and{ which would be produced by an adaptive comb filter of the type
illustrated Figure 2, but modified to separate components of PAL
composite colour video signals, to prdvide a comparison of the

15 operation of the embodiment of Figure 16 therewith. It will be seen
that the Figure 16 embodiment provides the same degree of signal
separation under these conditions as that of Figure 2, while providing
the ability to operate reliably despite variations in iﬁput signal
levels,

20 Referring. to Figure 18, the phases of further exemplary
output signals from the BPFs 121, 122 and 123 are represented by the
waveforms a, b and ¢ therein illustrated. In the example of Figure
18, a phase 1inversion of the chrominance signal components
representing a change to a complementary colour is represented by a

25 vertical dashed line in each of the waveforms a, b and ¢, The logic
levels @an@or Figure 18 represent signals which would be produced
in the same- fashion therefor as in the case of Figure 17 and the
remaining waveforms repbesent the phases and amplitudes of the
correspondingly labelled signals coincident with the signals a, b and

30 ¢ represéntec_i therein., 'In the example of Figure 18, the luminance
signal component is constant.

When signals having the phases represented.by the waveforms
a, b and c of Figure 18 are supplied as inputs to the adding circuits
11 and 12, they combine subtractively to cancel one another so long as

35 their phases are inverted. Since the phases of the chrominance signal
components of the PAL composite colour video éignal differ by 90° from
each horizontal line to the next, chrominance signal components



chroninance signal "Y' will necessarily result in dot ingerference: \WiRx]
reference to Table VI, it will be seen that, when the 2Q "[--chfoni-nance:
signal appears at the output of the BPF filter 122 as the si@gggl b !
iltustrated in Figure 20, the conditions for the selectio £8 WPgnal

[err] by the switching circuit 23 are fu%&i |l ed, so that | um nance sipnal
"Y" is produced at the output termnal 27°in which dot jnterference 15
substantially reduced, 25 Si nce enbodi nents ef—adaptive conbh |

filter are Opgﬁﬁtbimfné OgS&reiddle dobaldtin MRON t pslA_sOfa | 1EOL pHagpal
val ues, they are enab e%l reli abl%/dnbo determn pti mum node of filter

the o
operati on despiffergnse ypen,geparated, gy, twe;hpriso %ébé’ﬁg? Ikervalse HAveveRne tine
provi di ng sepapéi eHe icgnAtence P ealairofhange asqdmicried abovel, cihecpiames 30

effects are m.oP | %gs%d’sigM1s when separated by two horizontal line intervals
5 coincide, so that when such signals are applied simultaneously to the
inputs of the subtracting' gireuits 4 and 5, their respective output
signals, @ an(D, exhibit signal drop-out. When this occurs, it is
detected by the correlation comparator 140 by a comparison of the
magnitudes of the signals x and y so that, in accordance with the

10 relationships therebetween expressed in the left-hand column of Table
VI, the signal () or (Y which does not exhibit drop-out is thereupon
selected, so that the chrominance sigx:nal "C" output by the switch 72
under the control of the correlation comparator 140 likewise is then
free of signal drop-out. Since the switching circuit 23 selects the

15 same chrominance signal component under these circumstances, dot
interference effects which would otherwise appear in the luminance

signal “Y" as a consequence of such chrominance signal drop-outs are
avoided. -
With reference to Figure 19, the amplitudes and phases of
20 exemplary output signals from the BPFs 121, 122 and 123, are
represented by the waveforms a, b and ¢, respectively, thereof which
depict luminance signal components within the frequency band of the
chrominance signal, such that the phases thereof coincide on
successive horizontal scan lines. The logic levels @and (@) of Figure
25 19 represent signals which would be produced in the same fashion
therefor as in the case of Figure 17 and the remaining waveforms
represent phases and amplitudes of the correspondingly labelled
signals coincident with the signals a, b and ¢ represented therein.
In the example of Figure 19, the luminance signal components appear on
30 four successive scan lines, such that for four horizontal line 'periods
during which the luminance signal components appear at the output
terminal of the BPF 122 represented by the signal b in Figure 19, the
conditions for the selection of the signal W obtain, so that a
chrominance signal “C" as shown in Figure 19 is provided at the output
35 terminal 2Y4. Accordingly, under the circumstances illustrated in
Figure 19, the adz;ptive comb filter of Figure 16 is able to derive a
chrominance signal "“C" in which cross colour effects produced by
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middle and high band components of the luminance signal are minimized,
while possessing the ability to operate reliably despite changes in
input signal levels, .

" With reference now to Figure 20, the waveforms a, b and ¢
therein represent the existence of a chrominance signal on only one
particular scamming line, while the level of the luminance signal is
simultaneously constant. The logic levels (® and () of Figure 20
represent signals which would be produced in the same fashion therefor
as in the case of Figure 17 and the remaining waveforms represent
phases and amplitudes of the correspondingly labelled signals
coincident with the signals a, b and ¢ represented therein. Figure 21
illustrates an exemplary waveform of an input signal giving rise to
the chrominance signal component illustrated in Figure 20. It will be
seen from Figure 20 that, whether the siénal@or@is selected when
this solitary chrominance signal appears at the output of the BPF 122,
a deterioration in the level thereof is unavoidable. Accordingly, the
use of either the signal (¥) or the signal (D for producing the
chrominance signal "Y" will necessarily result in dot interference.

With reference to Table VI, it will be seen that, when the
chrominance signal appears at the output of the BPF filter 122 as the
signal b illustrated in Figure 20, the conditions for the selection éf
the signal () by the switching circuit 23 are fulfilled, so that a
luminance signal "Y" is produced at the output terminal 27 in which
dot interference is substantially reduced.

_Since embodiments of adaptive comb filter are operative to
compare_the relative magnitudes of input signal values, they are
enabled reliably to determine the optimum mode of filter operation

despite variations in input signal levels, while at the same time:

providing separated signal components of high quality in which cross
effects are minimized,

It will be appreciated that the embodiments of adaptive comb
filter may be implemented in whole or in part using either analogue of
digital circuitry, and that all or part of the signal processing
functions thereof may be carried out either by hardwired circuits or
with the use of a microprocessor, microcomputer or the like.



first and second signal delay neans (2, 3) for delaying signals supplied to
respective i nput termmnats—thereof and providing r =0elayeed i nput

signals at respecti amal s thereof, t S&ﬁ% i'-‘f'.fgﬁthiﬂﬁai’ﬁdf t he
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termnal (1) and t ral theggof being coupReaER 89%he ji r‘put

term nal of the second delay nmeans (3); first and jsecond signal s bgracti ng

(7))

means (4, 5) for each producing output difference sigmars at a respgctive
out put term nal thereof 15 represent Ch8IMS di ffergnce between signdls
supplied to a respective plurality of input termnals thereof, first and-

second input termnals of the first signal subtracti ng neans (4) each being
coupl ed to a fespect iAReA43REIYST CARCLLfpRIfoRAEPRTAL IRA 2t deAFh NS cORPAEPH i r st
si gnal of a video signal, the filter comprising: '

5 a filter input terminal (1) for receiving said video signal;
first and second signal delay means {2, 3) for delaying signals
supplied to respective input terminals thereof and providing
respective delayed input signals at respective output terminals
thereof, the input terminal of the first signal delay means (2) being
10 cdupled to said filter input terminal (1) and the output terminal
thereof being coupled to the input terminal of the second delay means
(3);
first and second signal subtracting means (4, 5) for each producing
output difference signals at a respective output terminal thereof
15 representing a difference between signals. supplied to a respective
plurality of input terminals thereof, first and second input terminals
of the first signal subtracting means (4) each being coupled to a
respective one of the input and output terminals of said first signal
delay means (2) and first and second input terminals of the second
20  signal subtracting means {5) each being coupled to a respective one of
the input and output terminals of said second signal delay means {(3);
first signal adding means (28) for producing a summation signal at an
output terminal thereof representing a summation of signals received
at first and second input terminals thereof, said first and second
25 input terminals of said first signal adding means (28) being
respectively coupled ‘with said output terminals of said first and
second signal subtracting means (4, 5);
first switching means (23) for selectively providing one of a
plurality of input signals reeeiv-ed at respective input terminals
30  thereof to an output terminal thereof, said first switching means (23)
having first and second input terminals respectively coupled to said
output terminals of said first and second signal subtracting means (4,
5), a third input terminal coupled to the'output terminal of said
first signal adding means (28) and a fourth input terminal coupled to
35 the output terminal of said first signal delay means (2), the output

terminal (24) of sdid switching means {23) being operative to provide
a first component of said video signal;
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term nal thereof representing a surmaticgé[of si gnal s r¢cerveo ar—first-! af1d
second input termnals thereof, said first and second lnput termnals

of said first signal adding nmeans (28) being respectively coupl@d Wi'th
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out put term nalsuisherieofof -sigralsineebivad AL respeatdee £i¢26 antiaseicond finpst and
second i nput Ee%%a[ﬁl %héree%?,ecstaiixef%sf;o%hgdtetrﬂir?ﬁi gf each of said second
5 and third signal adding means (11, 12) being coupled to the output
terminal of said first signal delay means (2), said second input
terminal of said second signal adding means {11) being coupled to said
filter input terminal (1), and said second input terminal of said
third signal adding means (12) being coupled to the output terminal of
10 said second signal delay means (3); '
first and second absolute value means (13, 16) for each producing an
output signal at a respective output terminal thereof representing an
absolute value of a signal received at a respective input terminal
thereof, the input terminals of said first and second absolute value
15 means (13, 16) being respectively coupled with the output terminals of
said second and third signal adding means (11, 12), respectively; and
controlling means (35) for controlling the selective provision of
input signals by said first switching means (23) to its output
terminal based upon a relative value of the output signals produced at

20 the output terminals of said first and second absolute value means
(13, 16). |

2. A filter according to claim 1 further comprising first,
second and third band-pass filtering means (6, 8, 10) for providing
25 output signals at respective output terminals thereof representing
components of input signals received at the input terminals of the
respective band-pass filtering means (6, 8, 10), such that components
of said’ input signals outside respective pass bands of said first,
second and third band-pass filtering means (6, 8, 10) are attenuated
30 at the respective output terminals thereof, the input terminal of the
first band-pass filtering means (6) being coupled to said filter input
terminal (1) and the output terminal thereof being coupled to the
second input terminal of said second signal adding means (11), the
input terminal of said second band-pass filtering means (8) being
35 coupled to the output terminal of said first signal delay means (2)
and the output terminal thereof being coupled to the first input
terminal of each of said second and third signal adding means (11,
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addi ng nmeans (2 & fburth i nput term nal coupled|tp 2% FEBHeYbut pult
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said switching neans (23) being operatig® to provide p frrst-conponent |of
sai d video signal; 32 second and third signal addi neans (11, 12) {for
each producing a summation signal at a respective output term nal thereof
representing 12) s wdatheorinptt diegnitiad ofddievBuirdt banszpasst ifddteriing t meand second

I nput {10) being coupled to the output terminal of the second signal delay
means (3) and the output terminal of sald third band-pass filtering
means {10) being coupled to the second input terminal of the third

5 signal adding means (12).

3. A filter according to claim 1 further comprising first and
second low-pass filtering means (31, 34) for providing output signals
at respective output terminals thereof representing components of
10  input signals received at respective input terminals thereof such that
high frequency components of said input signals are attenuated at the
respective output terminals of said low-pass filtering means (31, 3u},
the input terminals of said first and second low-pass filtering means
{31, 34) being respectively coupled to tﬁe output terminals of said
15 first and second absolute value means {13, 16) respectively, and the
output terminals of said first and second low-pass filtering means
(31, 34) beihg coupled to said contrélling means (35) to provide
thereto low-pass filtered versions of the output signals produced at

the output terminals of said first and second absolute value means
20 (13, 16).

y, A filter according to claim 1 further comprising third signal
delay means (25) for delaying signals supplied to an input terminal
thereof and providing the delayed input signals at an output terminal’

25 thereof, the input terminal of said third signal delay means (25)
being . coupled to the filter input terminal (1), and third signal
subtracting means (26) for producing output difference signals at an
output terminal thereof representing a difference' between signals
supplied to first and second input terminals thereof, said first input

30 terminal .of‘ said third signal subtracting means {26) being coupled to
the output terminal of said third signal delay means (25) and said
second input terminal of said third signal subtracting means (26)
being coupled to the output terminal of said first ‘switching means
(23), said third signal subtracting means (26) being operative to

35 provide a second component of said video signal at the output terminal
thereof (27). ¢
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6. A filter according to claim 1 wherein said first switching
means (23) is operative to provide a chrominance signal component at
the output terminal thereof as said first component of sald video
15 signal, and further comprising chrominance band-pass filtering means
(22) for providing output signals at an output terminal thereof
representing components of input signals received at an input terminal
of said chrominance band-pass filtering means (22) such that
components of said input signals outside of a predetermined pass band
20 for a chrominance signal component of said video signal are attenuated
at said output terminal of said chrominance band-pass filtering means
{22), the input terminal of said chrominance band-pass filtering means
(22) being coupled to the output terminal of said first signal delay
means (2), and the fourth input terminal of said first switching means
25 '(23) being coupled to the output terminal of said chrominance band-
pass filtering means {22) such that the output terminal of said first
signal delay means (2) is coupled to said fourth inmput terminal of
said first switching means (23) through said chrominance band-pass
filtering means (22). |
30
T. - A filter according to claim 6 wherein said controlling means
(35) includes correlation detecting means for detecting horizontal
correlation of luminance signal components in the summation signals
produced ‘at the output terminals of said second and third signal
35 adding means (11, 12) and wherein said controlling means (35) is
operative to control said first switching means (23) to inhibit
selection thereby of input signals from said chrominance band-pass
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means (23) is operative to provide a chrominance signal component at
the output terminal thereof as said first component of said video
signal, sald adaptive comb filter further comprising luminance
separation means for separating a luminance component of said video
signal, said luminance separation means including:

‘third signal delay means (25) for delaying said video signal by an

interval substantially equal to a signal delay between said video
signal and said chrominance signal component provided at the output
terminal of said first switching means (23) to provide a delayed video
signal at an output terminal of said third signal delay means (25);
and

signal subtraction means (26) for attenuating chrominance signal
components in said delayed video signal by subtractive combination
therewith of said chrominance signal component provided at the output
terminal of said first switching means (23) to provide a separated
luminance signal component of said video signal at an output terminal
(27) of said signal subtraction means (26).

9. A filter according to claim 8 further comprising second
switching means (72) for selectively providing one of a plurality of
input signals received at respective input termimals thereof to an

_output terminal (24) of said second switching means (72), said second

30

35

switching means (72) having first and second input terminals coupled
to the Autput terminals of said first and second signal subtracting
means (4, 5), respective}y, and a third input terminal coupled to the
output terminal of said first signal adding means (28), said second
switching means (72) being operative to provide a chrominance signal
component of said video signal at the output terminal (2U) thereof;
and

wherein said controlling means (130) is operative to control said
second switching means (72) to select an input signal received at the
third input terminil thereof as said chrominance signal component of
said video signal when said controlling means {130) controls said
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first band-pass filtering neans (6) being coupled to Sélﬁg&-ﬁgff?&;n;ﬂ

termnal (1) a E\uw nal thereof being cqupl ohd
i nput term nal r@ “E“ﬁl“ﬁﬂ gnal adding nmeans (12), the input te mg]nal
of said second band- pdss “ilteri ng neans (8) being 35 coupled to thel

output termnal of said first signal ddéay nmeans (2) 'and-the-output—- |
term nal thereof being coupled to the fi rst input termnal of each of said

second and third signal addi ng nmeans 33 12 nd the input term nal
of the thirdf¥ghdHEeRINE Meaos| Q?Q)n@aﬁgli"foin HBPHYy S 6’(?31 &ee (geg FFE’ %ﬂﬁ put
termnal of fipthenpat teraial €Rkadf.

10. A filter according to claim 1 wherein said controlling means
5 {130) is 6perabive to control the selective provision of input signals
by said first switching means {23) to its output terminal based upon
a comparison of the magnitudes of the output signals prbduced 'at the

output terminals of said first and second absolute value means (13,
16).
10

11, An adaptive comb filter for separating at least one component

of a video signal, the filter comprising:

a filter input terminal {1) for regeiving said video signal;

first delay means (2) for delaying said video signal by a first
15  interval to produce a first delayed video signal;

second delay means (3) for delaying said video signal by a second

interval to produce a second delayed video signal;

first difference means (U} for producing a first difference signal

proportional to a difference between said video signal and said first
20 delayed video signal;

second difference means {5) for producing a second difference signal

proportional to a dlrferenee between said first delayed video signal

and said second delayed video signal;

first summing means {28) for producing a first summation signal
25 proportional to a summation of said first difference signal and said

seécond difference sigﬁal;

first signal selecting means {23) for controllably selecting one of

said first difference signal, said second difference signal and said

first summation signal as said at least one component of said video
30 signal; '

second summing means (11) for producing a second summation signal

proportional to a summation of said video signal and said first

delayed video signal;

third summing means (12) for producing a third summation signal
35 proportional to a summation of said first delayed video signal and

sald second delayed video signal; and

control means (35) for controlling the selection of one of said first
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12. A filter according to claim 11 wherein said control means
(35) further comprises absolute value means (13, i6) for producing
first and second absolute value signals proportional to the absolute
values of the magnitudes of said second summation signal and said
third summation signal, respectively, and wherein said chntrol means
(35) is operative to compare the magnitudes of said first and second
absolute value signals for controlling the selection of saild at least
one component of said video signal.

13. A filter according to claim 12 further comprising low-pass

filtering means (31, 34) for attenuating high frequency components of

said first and second absolute value signals.

14, A filter according to claim 11 wherein said control means
{35) is operative to control -the selection of said at least one
component of said video signal based upon relative magnitudes of said
first difference signal and said second difference signal.

15. + A filter according to claim 11 wherein said control means
(35) is operative to control the selection of said at least one
component of said video signal based upon relative magnitudes of said
video signal, said first delayed video signal and said second delayed
video signal.

16, A filter according to claim 11 wherein said first signal
selecting means (23) is operative to provide a chrominance signal as
said at least one component of. said video signal.

17. A filter according to claim 16 wherein said first delay means
(21) is operative to delay said video signal by an interval
substantially equal to one horizontal line interval of said video
signal, and sald second delay means (3) is operative to delay said
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18. A filter according to claim 16 wherein said first delay means
(2) is operative to delay said video signal by an interval
substantially equal to two horizontal line intervals of said video
signal, and said second delay means (3) is operative to delay said

video signal by an interval substantially equal to four horizontal
line intervals of said video signal. )

19. A filter according to claim 16 further comprising first band-
pass filtering means (8) for filtering sald first delayed video signal
to attenuate components thereof outside a first chrominance signal
pass band to produce a band-pass filtered signal, and wherein said
first signal selecting means (23) is operative to select one of said
band-pass filtered signal, said first difference signal, said second

difference signal and said first summation signal as said chrominance
signal. -

20. A filter according to claim 19 further comprising luminance
separation means for separating a luminance component of said video
signal, sald luminance separation means including:

second band-pass filtering means (39) for filtering said chrominance
signal to attenuate components thereof outside a second chrominance
signal pass band to produce a band-pass filtered chrominance signal,
said second chrominance signal pass band being relatively narrower
thén said first chrominance signal pass band of said first band-pass
filtering means (6);

third delay means (25) for delaying said. video signal by a third
interval substantially equal to a signal delay betuween said video
signal and said band-pass filtered chrominance signal to produce a
delayed video signal; and .

subtractive combining means (26) for producing said luminance
component by attenuating chrominance signal components of said delayed

video signal with, the use of said band-pass filtered chrominance
signal.
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the output term-nal of sai d th| rd 5| gnal del ay neans (325) and sa{d*§e¢$

|nput termnal of “m“mg\ﬂ subtracting neans j(36) bei n§g coupt

t he out put termrxmgﬁ“ swi tching neans (23), seggp:@?fgg;;si hn
tbetng® operative to 35 provid second conpohpe

sybtracting nea

of said video signal at the output termng thereof (27)= 345,

e

filter according to claim4 further conprising band-pass filtering nean

(39) for providing output signals at an output term nal tTHereof
representi ng eepponent Fidfen apedrdingrtal sidimc ¢b \fodtidr comprising luminance

separation means for separating a luminance component of sald video

signal, sald luminance separation means including:

third delay means (25) for delaying said video signal by a delay
5 interval substantially equal to a signal delay between said video

signal and said chrominance signal to produce a third delayed video

signal; and

subtractive combining means (26} for producing said luminance

component by attenuating chrominance signal components of said third
10 delayed video signal with the use of the chrominance signal provided

by said first signal selecting means (23).

22, & filter according to claim 21 wherein said third delay means
{25) is operative further to delay said first delayed video signal to
15 provide said third delayed video signal.

23.. A filter according to claim 21 further comprising first band-
pass filtering means (22) for filtering said video signal received at
said filter input terminal (1) to attenuate components thereof outside
20 a chrominance signal pass band to produce a band-pass filtered signal,
sajd first band-pass filtering means (22) being coupled to said first
delay means (2}, said second delay means {3) and said first difference
means (4} to provide said band-pass filtered signal thereto as said
video signal, and wherein sald third delay means {25) is coupled to
25 said filter input terminal to receive said video signal therefrom.

24, A filter according to claim 19 wherein said control means
{35) includes correlation detecting means for detecting horizontal
correlation of luminance signal components in said second summation

30 signal and said third summation signal, and wherein said control means
(35) is operative to control said first signal selecting means to
inhibit selection of said band-pass filtered signal upon detection of
said horizontal correlation of luminance signal components.

35 25. A filter according to claim 16 further comprising first,
second and third® band-pass filtering means (121, 122, 123) for
attenuating components of said video signal, said first delayed video
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.an input termnal of said band-pass filtering nean >REr395‘r§EhTt(ﬁ§fE% '
conponents of said input signalrs outside a pass bahd{of sai d band-jpalss

filtering nean ated at the output tef rr-'gr@rgghegpof, t he
=i nput term nal Tﬂmﬁw‘mﬂummﬂns filtering neans (39 eing coupled o the
filter input terrm falt (1™ and=*the output term nal ¢f‘-sat+e—band=pas
filtering means (39) being coupled to t49e I nput 10 termnal of said first

signal delay means (2). 6. A filter according To clarm 1 wherel nI sai d
conponent - st Bt A satd Yecblia MW Kfad SRR, FEoiectiuelhuontier e s o
video 15  $u§pide apioninanpesignaippass bapds ehentivatdmnidapabsphiitefidgt eri ng
means (22) fuRan®’ ONi19 Al 18gt MLinphO NSl %au&légp% ES¥aMeR Al ert @ﬁ%&o“
representing CoMM"ElY Sudin 'oubeit Serminar coupied With aaid diffirence oeams
5 (H) and said second sumuing means to provide the band-pass filtered
video signal thereto, the second band-pass filtering means (122)
having an input terminal couple to said first delay means {21) and an
output terminal coupled to said first difference means (4), said
second difference means (5), said second summing means l(ﬂ) and said
10 third summing means (12) to provide the band-pass filtered first
delayed video signal thereto, and the third band-pass filtering means
{123) having an input terminal coupled to said second delay means (3)
and an output terminal coupled to said second difference means (5) and
said third summing means (121) to provide the band-pass filtered
15 second delayed video signal thereto.

26. A filter according to claim 21 wherein said first signal
selecting means (23) is operative to select one of said first delayed
video signal, said first difference signal, said second difference

20 signal and said first susmation signal as said chrominance signal,
said adaptive comb filter further comprising;,second signal selecting
means {72) for controllably selecting one of said first difference
signal, said second difference signal and said first summation signal
as an output chrominance signal to be supplied by said adaptive comb

25 filter; and wherein said control means (130) is operative to control
said second signal selecting means (72) to select said first summation
signal as said cutput chrominance signal when said control means (130)
controls said first signal selecting means (23) to select said first
delayed video signal. '

30 . .
27. A filter according to claim 26 further comprising band-pass
filtering means (71) for attenuating components of said chrominance
signal provided by said first signal selecting means (23) outside of
a chrominance signal pass band and coupled’ to said subtractive

35 combining means (26) to supply the band-pass filtered chrominance
signal thereto.



of said chrom nance band-pass filtering nmeans (22) s
“said input signals outside of a predeterm ned pass |
chr om nanee—signal™ conponent of said video signal ar

out put term ' m m nance band-pass filteri
‘i nput ter mn}laammmmulﬂlm i nance band-pass filteri
coupled to out put® t ér m*nal of sai dykirst signal

the fourth input termnal of said first swtching ans 25 (23) being

coupled to the output term nal of said chrom nance band- pass fittering
nmeans (22) g8¢h thaf mebiododtt Reparating Aadhrohinaabel shpifll feon)aadonPeste Means
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delaying said composite colour video signal by a first interval to .
produce a first delayed video signal; '

5 delaying said composite colour video signal by a second interval to
produce a second delayed video signal; o
producing a first difference signal proportional to.a difference

between said composite colour video signal and said first delayed
video signal; )

10 producing a second dit‘ferenec_e signal proportional to a difference
between said first delayed video signal aqd said second delayed video
signal;
producing a first summation signal proportiocnal to a summation of said
first difference signal and said second difference signal;

15 producing a second summation signal proportional to a summation of
said composite colour ‘video signal and said first delayéd video
signal; _ '
producing a third summation signal proportional to a summation of said
first delayed video signal and said second delayed video signal; and

20 selecting one of sald first difference signal, said second difference
signal and said first summation signal as said chrominance signal
based upon a comparison of relative magnitudes of said second
summation signal and said third summation signal.



7. A filter accordi'ng to claim6 wherein said controlling means (35)
i ncl udes correlation detecting neans for detecti ng hori 3 Eéﬁ Corteu ar T

of | um nance signal conmponents in the summtion signals g UCed' at: thg* :
output terminals of said second and third signal 35 adding means (11, 1p)
and wherein said controlling means (35) is operative to{contQDFEBaia7fi | st
switching neans (23) to inhibit selectiagp thereby of inpuf signals fron

sai d chrom nance band- pass 35 filtering nmeans (22) uponTdetecttonof
said horizontal correlation of |um nance signal conponefits in said
sunmmat i on si gnal s. ABSTRACT ~

ADAPTIVE COMB FILTERS AND METHODS OF
SEPARATING VIDEO SIGNAL COMPONENTS

An adaptive comb filter for separating at least one éomponent
of a video signal includes a filter input terminal (1) for receiving
the video signal, a first delay device (2) for delaying the video
signal by a first interval to produce a first delayed video signal, a

10  second delay device (3) for delaying the video signal by a second
interval to produce a second delayed video .signal, a.first signal
subtractor {4) for producing a first difference signal proportional to
a difference between the video signal and the first delayed wvideo
signal, a second subtractor {5) for producing a second difference

15 signal proportional to a difference betwean the first delayed video
signal and the second delayed video signal, a first signal summing
device (28) for producing a first summation signal proportional to a
summation of the first difference signal and the second difference
signal, a signal selecting device (23) for controllably selecting one

20 of the first difference signal, the second difference signal and the
first summation signal as the separated component of the video signal,
a second summing device {11) for producing a second summation signal
proportional to a summation of the video signal and the first delayed
video signal, a third summing device (12) for producing a third

25 summation signal proportional to a summation of the first delayed
video signal and the second delayed video sighal , and a controller
(35) for controlling the selection of the separated component of the
video signal by the signal selecting device based upon relative
magnitudes of the second summation signal and the third summation

30 signal., In addition a method of separating a chrominance signal from
a composite colour video signal is prt;vfded,_i

Figure 9



8. A filter according to claim1 wherein said first JLINs | 005 10 Rt MRSy
means (23) is operative to provide a chrom nance signal c¢ :dﬁ i af - t'he."i
output terminal thereof as said first conponent of said v|deo signal, said
adaptive conb filter further conprising |umnance separatjo Qﬁpﬁssfﬂmf
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separation neans including: 10 third signal delay neans {2 ﬂm#ayrﬁg
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conponent s in said delayed video signal by subtractive conmbinati

therewi th of said chrom nance signal conponent provided at Rh outgat -

on

v-ﬁr-y-

termnal of said first switching means (23) to provide a separatgd. 20 =
l.um nance signal conmponent of said video signal at an outht t

ance _ _ nggg 27)
of said signal subtraction neans (26). 9. A filter afcpr d?

8 further conprising second SMAtChlng s (72) for selecji er prOV|d|n
one of

termnals thereof to an output

(72),

4) of said second-sw-tching neans

a plurality of 25 |np nggb eceived at respeftive input

sai d second sw tching neans (

having first and second i nput

termnals coupled to the output ternlnals of said first and second si gnal

to the

b&%%%%w

subtracting neans (4, r ect veI thlrd i npyt nlnal coupl ed
30 oukfut ter t 9| addi (28), said
second
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swi tching neans (72) being operative to provide a chrom nance si gnal
conponent of said video signal at the output term nal (24 _ ..and
wherein said controlling neans (130) is operative to contREFLAGEN 3% N2l
second switching nmeans (72) to select an input signal re,eg\fd‘“ t--t-he i I

i nput term nal thereof as said chrom nance signal conpongn szpg'gd,ggﬁ,de
signal when said controlling neans (130) controls said 6 fTr !
swi tching neans (23) to select an input é?zbnal recei ved htltthe-fourth i

term nal thereof. o
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10. A filter according to claim1 wherein said controlling nmeans 5
(130) is operative to control the selective provision of input signals by

said first swtching neans (23) to its output term nal bag
conpari son of the magnitudes of the output signals producg
termnals of said first and second absol ute val ue neans (1
An adaptive conb filter for separatlng @ aheast one conpor

signal, the filter conprising: ut termnal (1)
said video signal; first delay fr;a)t @2) @r del ayi ng sai
a first 15 interval to produce a first el ayed vi deo si
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imterval to produce a second del ayed video signal; first difference neans

(4) for producing a first difference signal proportional to a difference

bet ween said video signal and said first 20 del ayed vi deo signal; second
di-rf ference nmeans (5) for producing a second difference si ortiona
to a difference between said first del ayed video si gna
del ayed video signal; first summ ng neans 28) for produ

sumat i on signal 25 proportional to a3 tion of sai
signal and said second differen?E‘Z IS éilrst si gnal sgl
for controllably sel ecting one anMdefi¥st difference [si
difference signal and said first sunmmati on signal as sa

conmponent of said vid%f [1
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30 signal; second summ ng neans (11) for producing a second summation
signal proportional to a summation of said video signal and said first
del ayed video signal; third sunmng neans (12) for producing a third
summat i on signal 35 proportional to a sunmation of s
vi deo signal and said second del ayed vi deo signal; and
for controlling the selection of one of said first
said second difference signal and said first
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summation signal by said first signal selecting neans (23) based upon
‘relative magnitudes of said second summati on signal and said third
sumation signal. 5 12. A filter according to claim1l1l wherein said
control neans (35) further conprises absolute value neans (13, 16) for
produci ng first and second absol ute val ue signals proportional to the

absol ute val ues of the nmagnitudes of said second
10 third sunmation signal, respectinvé/ and wh
(35) is operative to conpare the nmagnit'udes of sa
absol ute value signals for controlling the sel ect
conponent of said video signal. 15 13. A f
12 further conprising | ow pass
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filtering neans (31, 34) for attenuating high frequency conponents of said
first and second absol ute val ue signals. 14. A filter according to
claim 1l wherein said control nmeans 20 (35) is operative to control the
selection of said at | east one conmponent of said video signal based upon
rel ati ve magnitudes of said first difference signal ‘and said second

di fference signal. 15. A filter according to claim1l wherein said
control nmeans 25 (35) is operative toggpmtrol the s .

| east one conponent of said video signal based upon r
said video signal, said first del ayed vi‘deo signal an
vi deo signal. 30 16. A filter according to clafi
first signal selecting means (23) is operative to pr
signal as

FIG. 9
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said at | east one conmponent of said video signal. 17. Afilter
according to claim 16 wherein said first delay neans 35 (21) is
operative to delay said video signal by an i}
equal to one horizontal line interval of said vid

delay nmeans (3) is operative to delay said 38
I nterval substantially equal to two horizontal |

signal . 18. A filter according togiz m16
means 5 (2) is operative to delay said vi
I nt erval
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substantially equal to two horizontal line intervals of said video signal,
and said second delay neans (3) is operative to delay said video signal by

an interval substantially equal to four horizontal line intervals of said
_video signal. 10 19. A filter according to FT" -6 onpri si ng
first band- pass filtering means (8) for filterilEt aﬁ@h?hﬁi&Sﬂgﬁp ed video
signal to attenuate conponents thereof outside ajf{rst Cthronrmar si gna
pass band to produce a band-pass filtered signal} Aan hét Sajl & 15

first signal selecting means (23) is Hpé&2ative t se?é%fsgﬁg@%f sdi d

difference signal and said first summtion signa as said chrom ngnce

band-pass filtered signal, said first differencels c;nd
signal .
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A filter according to claim19 further conpr
Separation means for separating a |uninance conponent of sai
said | um nance separation nmeans i ncl udi ng:
(-39) for filtering said chrom nance signa
out si de a second chrom nance 25
filtered chrom nance signal,
relatively narrower than said first _chdddRBance sig
ans (6);
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subtracti ve conbi ning nmeans (26) for producing said | um nance conponent by
attenuating chromi nance signal conponents of said del ayed 35 vi deo signa
with the use of said band-pass filtered chrom nance signal. 39 21

A filter according to claim16 further conprising | um nance separation
means for separating a |um nance conponent of said video signal, said

| um nance separation neans including: third delay neans (25)-—for—delay+

said video signal by a delay 5 interval substantially equ REPQA&E&E%H;EHEET
del ay between said video 12723 -
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signal and said chrom nance signal to produce a third del ayed vi deo signal
and subtractive conbi ni ng neans (26) for producing said | um nance conponent
by attenuating chrom nance signal conponents of said third 10 del ayed
video signal with the use of the chrom nance signal provided by said first
signal selecting neans (23). 22. A filter according to claim21
wherein said third delay means (25) is operative further to delay

first delayed video signal to 15 proygggssaid third %ﬂlwyg@rmr ¢o§{$FE1h | .
23. . A filter according to claim?21 urther conpr|>|ng Fi1-st--ba Ss

filtering neans (22) for filtering said video signal ch [ d
filter input termnal (1) to attenuate conponents therooi §U£§ﬁ§‘®g%
chrom nance signal pass band to produce a band-pass fi

red signal.
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said first band-pass filtering means (22) being coupled to said first delay
‘means (2), said second delay neans (3) and said first difference neans (4)
to provide said band-pass filtered signal thereto as said video signal, and
Wwherein said third delay nmeans (25) is coupled to 25 saj.d filter input
termnal to receive said video signal therefrom 24. REgiAgRn
according to claim19 wherein said control neans (35) inc ies~oopr L'~ bn
detecting neans for detecting horlzontal correlation of lunmn

conponents in said second summati on 334/ §|gnal and said th %Qggﬁéég
signal, and wherein said control neans (35) is operative }olcontrol sald
first signal selecting neans to inhibit selection of said]band-pass '
filtered signal upon detection of said horizontal correl at )
si gnal components. 35 25. A filter according to claim16 further

conprising first,
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second and third band-pass filtering neans (121, 122,

conponents of said video signal, said first del ayed vi
sai d second del ayed vi deo signal, respectively, which
chrom nance signal pass band, the first band-pass filt
havi ng an input term nal coupled to said filter input

output termnal coupled with said difference neans 5 4) and said second
sunmi ng neans to provide the band-pass {$}jgred video signa -
second band-pass filtering nmeans (122) having an input term nal couple to
said first delay neans (21) and an ?\
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output termnal coupled to said first difference nmeans (4), said second
di fference neans (5), said second summ ng neans (11) j id 10  third
sunmmi ng neans (12) to provide the band-pass filtered RE}H.tAC@MW §40%
signal thereto, and the third band-pass filtering megngt123)~ haling:
I nput term nal coupled to said second del ay neans (3) nd?g%ggj%ﬂout

term nal coupled to said second difference nmeans (5) Jand “sai Yd su
nmeans (121) to provide the band-pass filtered 15 S¢c ayved vi gde
signal thereto. 26. Afilter accd®diddy to clainf21 wherein sai
signal selecting neans (23) is operative to select on | |
del ayed video signal, said first difference signal, ilgéeco di fference

20 si gnal and igdBirs nmat i pn si gndl__as | dfcth han si gnal ,
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means (72) for controllably selecting one of said first difference signal,
sai d second difference signal and said first summati on signal as an out put
chrom nanoe signal to be supplied by said adaptive conb 25 filter; and

wherein said control means (130) is operative to control said second si gha
sel ecting nmeans (72) to select said first summation signal as said output

chrom nance signal when said control nmeans (130) contr o -st-slgnal
sel ecting neans (23) to select said firsyagel ayed vide I ﬂgbhﬂén Rt ET
A filter according to claim26 further conprising band{pass TlTTéTrngﬂ hNs
(71) for attenuating conponents of said chrom nance si nal;pnggd@@7by spi d
first signal selecting neans (23) outside of a chrom nan¢e signal "passj band

and coupled to said suFfr}ache]SB
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35 conbi ni ng neans (26) to supply the band-pass filtered chrom nance
t hereto.
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vi deo si gnal

Jdifference between said first del ayed vi deo signal
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summation of said first difference signa

signal; 15 produci ng a second summati on signa
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