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This invention is related to comb filters for
processing video signals.

5 In processing video signals, it is known to be
particularly advantageous to separate the luminance and
chrominance components from composite video signal with
comb filters. The reason being that the separated
luminance component is of full bandwidth, e.g., 4.2 MHz for

10 NTSC signal, and cross components are substantially
eliminated from both of the separated luminance and
chrominance components. Typical intraframe comb filters
for NTSC video signals include circuitry for combining
signals which are displaced in time by an odd integral

15 number of horizontal line periods. Because the phase of
the chrominance subcarrier changes by exactly 180° from
line to line, additively combining NTSC video signals
displaced by one line interval produces a signal in which
the luminance components from the two lines constructively

20 combine and the chrominance component is cancelled.
Conversely, if the signals are subtractively combined the
luminance component is cancelled while the chrominance
components from the two lines constructively combine. The
vertical resolution of the luminance component is

25 compromised but is acceptable.

PAL signals on the otherhand have a chrominance
subcarrier which exhibits a 180° phase change'every two
horizontal line periods. Therefore, typical intraframe PAL
comb filters combine video sighals which are displaced in

30 time by two horizontal intervals. The PAL comb filter
function is basically the same as for the NTSC comb filter
however, since the signals that are combined are spatially
displaced by two lines, the vertical resolution of the PAL
luminance component is significantly impaired, and tends

35 towards not being acceptable. -

Yoshimitsu Nakajima et al in an article entitled
“Improvement of Picture Quality For NTSC And PAL Systems By
Digital 51gna1 Processing," IEEE Transactions on Consumer
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conb fllter component, reduces memory requirements for delaying the
video signals but tends to have an adverse affect on images

10 containing vertical lines.

Published West German Application DE 3007520 .A1
shows a comb filter apparatus for PAL signals including an
intraframe comb filter. The intraframe comb filter
includes a one line delay element for delaying alternate

15 samples of the video signal from successive lines of
signal. The delayed samples are coupled to one input of a

- combining circuit and intervening samples from the current
line are coupled to a second input of the combining
circuit. Since the combined signals correspond to

20 alternate samples on alternate lines, the intraframe filter
function corresponds to a diagonal rather than a vertical
comb filter. Further since the apparatus operates on

" alternate samples, there is a loss in horizontal
resolution.

25 Richard C. Spiero in U.S. Patent No. 4,480,265
describes a circuit for comb filtering separated PAL
chrominance gsignals by combining signals from adjacent
video lines. 1In this system one of the signals to be
combined is first applied to a phase inverter which inverts

30 the phase of the (R-Y) component of the chrominance signal
before combining. The line of chrominance which undergoés
phase inversion has its components phase aligned with the
chrominance components of adjacent lines. The phase
inverted line and an adjacent line is additively combined

35 to develope a noise reduced chrominance signal. This
system is limited to comb filtering chrominance signal and
cannot be utilized to separate the luminance and
chrominance components from compgsite PAL video s;gnals.
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signals in which the shortcomings such as discussed above

Eﬁ#ﬁcﬂhe same as for the NTSC conb filter however, since

are substantially avoided.

5 The present invention is embodied in a comb
filter for wvideo signals, including a delay element for
concurrently providing video signal from three successive
lines designated Top, Middle and Bottom, and signal
combining circuitry for combining signal from the Middle

10 line with signal alternately selected from the Top and
Bottom lines, along each line interval.

In a further embodiment of the invention,
detection circuitry is coupled to receive the signals from
the Top, Middle and Bottom lines, and generate a control

15 signal if the signal from the combining circuitry
potentially includes unaesirable artifacts. Substitution
circuitry responsive to the control signal, is included to
replace the signal from the combining circuitry with
alternatively filtered signal from at least one of the Top,

20 Middle and Bottom lines of signal.

Brief Description of the Drawings
FIGUREs 1A, 1B and 1C are pictoral diagrams

representing a portion of a field of chrominance components
of video signals sampled at four times the chrominance
25 subcarrier frequency, which diagrams are useful in
understanding the principle of the invention.
FIGUREs 2, 3 and 9 are block diagrams of
alternative comb filter circuits embodying the invention.
FIGUREs 4-8 are block diagrams or schematics of
30 alternative circuits which may be implemented for element
72 of FIGURE 3. ]
FIGURE 10 is a block diagram of a further
embodiment of a comb filter arrangement for taking into
account vertical signal components. ‘
35 . FIGURE 11 is a table of samples provided at
various signal points in the arrangement of FIGURE 10.
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the current line are coupled to a second input of the conblnlng
Referring to FIGURE 1A, a matrix of signa

samples are illustrated which are intended to represent
successive chrominance components from portions of

10 successive lines of an NTSC video signal sampled at four
times the color subcarrier frequency. The signal is
presumed to be sampled in phase with one of the axes of the
quadrature modulated color difference signal components.
samples designated *I represent the in phase component and

i5 samples designated tQ represent the quadrature phase
component. The + signs represent the sampling phase
relative to the subcarrier and not necessarily the sample
polarity. 1If the sampled video signal is a composite video
signal, the samplés at each location will include a

20 luminance, Y contribution, e.g., ¥+Q, ¥Y-I, ¥Y-Q, Y+I, Y+Q
etc. however, the Y terms have been excluded in the drawing
to avoid confusion. 1In FIGURE 1A, the in phase and
quadrature samples I,Q may represent the (R-Y) and (B-Y)
color difference signals or the conventional I and Q color

25 difference signals. 'The particular sample set is
determined by the sampling phase. It is seen from FIGURE
1A that vertically adjacent samples represent like
chrominance components. This vertical alignment
facilitates comb filtering, i.e., additively combining

30 vertically adjacent samples cancels .the chrominance and
provides twice luminance while subtractive combining
vertically adjécent samples cancels luminance contributions
and provides twice chrominance (assuming substantially
redundant line-to-line image content). Any line may be

35 combined with either adjacent line to produce a comb filter
signal.

FIGURE 1B illustrates a matrix of signal samples

which are intended to represent successive chrominance
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{B=-Y) color difference signal and component V represents
the (R-Y) color difference signal. In the PAL signal the
10 phase of the V component is shifted 90° line-to-line
~ relative to the U component. The result is that vertically
édjacent samples represent alternate components.
Consequently vertically adjacent samples cannot be combined
to produce comb filterd signals representing a particular
15 component. Note however that the samples may be combined
diagonally, as indicated by the arrows, to develope comb
filtered components. However, errors will occur for
hogizontal transitions which can occur in the luminance
component, resulting in significant cross components in the
20 comb filtered chrominance components.
FIGURE 1C shows the sample destribution resulting
from sampling the wvideo signal'at 45 degrees off the U or V
axes. As in FIGUREs 1A and 1B the luminance
contributions, if present in the input video signal, have
25 been excluded from the diagfam. It is seen from FIGURE 1C
that_vertically adjacent samples represent like chrominance
components. Alternate samples between any pair of lines
represent samples of opposite subcarrier phase and may be
combined to separate the luminance and chrominance
30 -components of composite video signal.. The pairs of samples
which may be combined for this purpose are indicated by the
arrows in the figure. To produce separated luminance and
chrominance components representing line N of the video
signal, the samples along line N are alternately combined
35 with vertically adjacent samples from line N+1 and line
N-1, i.e., sample (1,s) (m,b) (n,u) (o,d) and (p.w).
Similarly, to produce separated components representing
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The present invention is enbodied in a conb filter for video signals,
I ncludi ng a delay el enent for

line N-1, the samples along line N-1 are alternately
combined with samples from line N-2 and line N.
Alternatively, if the input video signal contains
only a chrominance component, alternate samples of like
S subcarrier phase may be additively combined to produce
noise reduced comb filterd chrominance signals, i.e.,
samples (l,a) (m,t) (n,c) (o.,n) and (p,e). In this example
it is necessary to concurrently provide samples from three
adjacent lines. Comb filtered chrominance samples may be
10 produced - from signals from only two adjacent lines if
alternate'samples from one of the lines have their polarity
reversed. In this instance, consider developing comb
filtered chrominance samples representing line N by
combining samples from lines N and N+1. 1In line N+l
15 samples s,u and w are inverted to produce samples =-,s -u
and -w. Then samples {(1l,-s) (m,t) (n,-u) (o,v) and {p-w)
are combined to produce the comb filtered chrominance
component.
FIGURE 2 illustrates circuitry embodying the
20 basic invention. Input video signal which may be socurced
. from a conventional television tuner is applied to terminal
10. This signal is coupled to the analog input connection
of an analog-to-digital converter (ADC) 12, and to the
phase-locked-loop (PLL) circuitry 16 and sync separator 14.
25 The sync separator developes a burst gate signal BG which
is coupled to the PLL circuitry 16. PLL circuitry 16 is
respbnsive to the burst component of the video signal to
develope a clock signal having a frequency of four times
the chrominance subcarrier frequency fsc’ phase locked to
30 e.g. the U axis of the chrominance component. This clock
signal is coupled to a phase shifter 18, which shifts the
phase of the clock signal to substantially 45° relative to
the U or V axis. The phase shifted clock signal is applied
to the sampling clock input terminal of ADC 12 and a
35 divide-by—two frequency divider 20. The PLL 16 also
developes a PAL switch signal which represents the relative
phase of the V chrominance component. Circuits 14, 16 and
18 may be of conventional design. Circuit 18 may be
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chrom nance
divider 20 are coupled to respective input terminals of an

exclusive OR circuit 22 which produces a two times fsc
clock signal of opposite phase on alternate lines. The two

10 times fSc clock signal is coupled to the control input
terminal of a switch circuit 32, to alternately couple
samples applied to its two signal inputs Il and I2 to the
subtracter 28.

The videc signal at terminal 10 is sampled and

15 converted to binary form by ADC 12 to produce samples as
illustrated in FIGURE 1C. These samples are coupled to a
‘one horizontal interval delay element 24 and to the input
terminal Il of switch 32. The delayed signal from delay
element 24 is coupled to a second one horizontal interval

20 delay element 26, the output of which is coupled to the
input terminal I2 of switch 32. 1If the signai provided by
delay element 24 corresponds to line N (FIGURE 1C), then
the signals applied to the inputs I1 and 12 of switch 32
cbrrespond to lines N+1 and N-1 respectively.

25 Signal representing line N from delay element 24
is coupled to the minuend input terminal of subtracter 28
and 6utput signal from switch 32 is coupled to the’
subtrahend input terminal of subtracter 28. Switch 32 is
conditioned to couple alternate samples from line N+1 and

30 N-1 to subtracter 28, e.g., the sequence of samples s, b,
u, d, w. The chrominance component of the samples are
constructively combined in the subtracter 28 to produce a
comb filtered chrominance signal. If the input signal
includes a luminance component it is substantially

35 cancelled by the subtractive function. Output signal
provided by subtracter 28 is coupled to a bandpass filter
30 designed to have a passband encompassing the frequency
spectrum normally occupied by the chrominance signal. If
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FI GURE 10. pandpass and comb filtered signal from element 30, from

delayed composite video signal from delay element 24 in the
5 subtracter 34. _
Delay element 26 provides samples representing
'lipe N-1 when comb filtered signal representing line N is
being provided by subtracter 28 (and 34). With reference
to FIGURE 1C it is seen that only every other sample from

10 line N-1 is utilized. Therefore delay element 26 may be
realized with a half-H delay line, e.g., a memory element
having half the storage capacity as delay element 24 and
cycled or clocked at one-half the sample rate.

FIGURE 3 illustrates an adaptive comb filter of

15 the type shown in FIGURE 2, including additional circuitry
to compensate for comb filtered signal artifacts introduced
by vertical transitions of the video signal. In FIGURE 3,
signal from ADC 12 is coupled to a one-horizontal-interval-
delay element 52 and a bandpass filter 50. Output signal

20 from delay element 52 is coupled via a bandpass filter 54
to a second one-horizontal-interval delay element 56.
Bandpass filters 50 and 54 have passbands arranged to
encompass the frequency spectrum normally occupied by the
chrominance component of the input video signal.

25 Output signal from bandpass filter 54 is coupled
to the minuend input connections of subtracter circuits 58
and 60. output signals from delay element 56 and bandpass
filter 50 are respectively coupled to the subtrahend input
connections of subtracter circuits 60 and 58. The three

30 signals coupled to subtracters 58 and 60 are all bandpass
filtered. If the signal éoupled to the minuend input '
connection of subtracter circuits 58 and 60 corresponds to
line N (FIGURE 1C) then the signals coupled to the
subtrahend inpﬁt connections of subtracters 58 and 60

35 respectively correspond to lines N+1 and N-1.

Subtracter 58 produces samples cecrresponding to
the differences between successive vertically adjacent
samples from lines N and N+l. Subtracter 60 produces
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5 two-to~-one multlplexer 64. Multiplexer 64 is conditioned
by the two~times fSc signal from exclusive OR circuit 22
(FIGURE 2) to alternately cocuple samples from subtracter
circuits 58 and 60 to a delay element 68. The sequence of
samples provided by multiplexer 64 corresponds to the
10 sequence of samples provided by subtracter circuit 28 in
FIGURE 2 and thus represents a comb filtered chrominance
component corresponding to line N.
Delay element 68 provides a compensating delay to
the comb filtered chrominance signal, to accommodate for
15 processing delays in the. remainder of the circuitry to be
described. The comb filtered chrominance signal, since it
is the algebraic sum of two signals is of twice amplitude.
Therefore the comb filtered signal from delay element 68 is
coupled to an attenuator 70 which divides the signal
20 amplitude by two. The divided signal from attenuator 70 is
applied to one input terminal of a switching circuit 74.
An alternative chrominance signal is coupled to a second
input terminal of switching circuit 74. The alternative
chrominance signal may be derived by horizontally filtering
25 signal provided by bandpass filter 54 in filter 62. 1In
this instance, horizontal filter 62 may provide narrowband
chrominance signal samples corresponding to the comb
filtered pixel available from attenuator 70. An exemplary
horizontal filter function H is represented by the
30 equation:
H = -1+22"P-z"%P
where Z is the conventional Zee transform variable and the
superscript p represents a one sample delay period.
Alternatively, the alternative chrominance signal may
35 simply be the bandpass filtered signal available from
filter 54, coupled to the switching circuit 74 via
compensating delay element 69. For example, if the comb
filtered signal corresponds to combined samples n-u (for
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a combination of both to its output terminal to provide a

10 chrominance component signal. The chrominance component
signal from circuit 74 may be subtracted (in subtracter
circuit 82) from delayed composite video signal from delay
element 52 to produce a luminance component signal.

The exemplary switching circuit 74 includes the
. 15 cascade connection of a subtracter 76, a multiplier 78 and
an adder 80. The comb filtered chrominance signal from
attenuator 70 is coupled to one input of the subtracter 76.
The alternative chrominance signal is coupled to a second
input of subtracter 76 and to the adder 80. The control

20 signal X nominally having values between 0-1 inclusive, is
applied to the control input of the multiplier. The output
produced by circuit 74 corresponds to (K)S1+(1-K)S2 where
S1 and S2 correspond to the comb filtered and altermative
chrominance signals respectively.

25 . The control signal K is developed as follows.

' Refer to FIGURE 1C and consider a comb filtered signal
corresponding to sample n line N. The comb filtered sample
representing pixel n is a combination of samples n and u.
1f a vertical transition exists between lines N and N+l

30 there is a high probability that the combined sample will
be erroneous, i.e., introduce an artifact in the displayed
image. If a transition exists at pixel n between lines N
and N+1, it is highly probable that the transition extends
to the area between pixels m and t and pixels o and v. The

35 existence of such transitions can therefore be detected by
"measuring the difference between like phase samples m,t and

o,v. These samples are not utilized in developing the comb



conbined with either adjacent line to produce a conb filter signal.

FIGURE 1B illustrates a matrix of signal sanples which are intended to
represent successive chrom nance - 5- conpo fraa
portions of successive lines of a PAL V|&eo signal (e.g., 3%@7%? sanpled at

four times the subcarrier frequency. As in FIGURE 1A contributions of the
'um nance - filtered sample representing pixel n, but are utilized in
determining if the comb filtered sample may be erroneous.
-Referring'again to FIGURE 3, sample differences
from subtracter circuits 58 and 60 are coupled to '

S respective signal input terminals of a further multiplexer
66. Multiplexer 66 is conditioned by the two-times fsc
clock signal from exclusive OR circuit 22 to provide a
sequence of sample differences representing the alternate
sample differences not passed by multiplexer 64. That is

10 when comb filtered samples are developed representing line
N, the sequence of sample differences passed by multiplexer
66 are derived from samples (1,a)(m,t)(n,c)(o,v)
and (p,c). The saﬁples provided by multiplexer 66 are
coupled to the K control signal generator 72 which develops

15 a K control signal representing the relative goodness of
the current comb filtered sighal. For example, if a
vertical transition is detected or not detected, generator
72 may produce control values of zero and one respectively.

FIGURE 4 is a circuit diagram for a control

20 signal generator 72 which develops K control signals having
one and zero values. In this circuitry, the difference
samples from multiplexer 66 are coupled to circuit element
410 which provides the magnitude of the difference samples.
The magnitude samples are compared to a reference value REF

25 in a comparator 412 which provides logic one and zero
values for the magnitude samples being greater and lesser
than the reference value respectively. The reference value
is selected to be at least equal to the nominal expected
noise value to preclude false detection of transitions.

30 ‘The reference value may be increased to a value
representing vertical transitions which do not produce
unacceptable comb filtered signals, which value will be
determined subjectively for each particular video signal
processing system. . '

35 The one/zero values from comparator 412 are
coupled to one input terminal of a NAND gate 418, and to
the input terminal of the cascade connected delay elements
414 and 416. The output of delay element 416 is coupled to
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to be sanpled in phase with one of the axes of the quadrature nodul ated
color difference signal conponents U, V..By-convention conpagetgd) g9
represents the (B-Y) color difference signal and conponent V represents the
(RY) coltor drfference signal. In the PAL signal the phase of the V
conponent i Sa Séeddd DUDEE rd£ | tine-NAND | gite edFa j VeThieo délbay) elspanteant . The

It is th [ I dj t | I :
Consequent | you 34 F P8 efBLAREPad el S TR ottt P3P R ohuce comb
filterd signeésiodprebfnthegcampalfilteted sampbnerirrewtly puwrieded thy t he
‘sanpl es may Q@t&&@é&?%&“fﬂ%@%ﬂ?é’mé%& “&&&ﬁfﬁf@eﬁ%rﬁ%&é& é%\&fé’é' ope

conb filtered conmponents. errors w occur ori zont
transiti®ns {(#ith thenotkerone/zero | vad wedcat compopnt fesiglang in

significant &f&fén€ PPN SohfphfCo£08E1 4y | é Pérish € N 04N FRNESs SR oSNt S.

FI GURE 1C shows _the sanpl e destributjon resultin rom sanmpling the video
si gnal at 45dH56‘?’é%'§°%?fb?F‘ée%Po?a’\‘P%%s(.°¢§ i?f“g HOORS g’i‘@ ¥e

| um nance 'If a logic "one" is present at both inputs to the NAND gate
418, NAND gate 418 provides a zero value and the alternate
10 chrominance sample is provided by switching circuit 74.
Otherwise, NAND gate 418 provides a “one" value and the
comb filtered signal is provided by circuit 74.
FIGURES 5-8 show alternative embodiments of the K
signal generator 72, each of which provides a variable
15 control signal, K, having values from zero to one. Refer
first to FIGURE 8. In this embodiment, sample differences
- from multiplexer 66 are coupled to a magnitude circuit 810
which provides the magnitudes of the differences. The
magnitude values are coupled to cascade connected delay
20 elements 812 and 814 and to one input connection of a
sample averaging circuit 816. The output of delay element
814 is coupled to a second input connection of the
averaging circuit 816 which provides the average of samples
applied to its input connections e.g., the average of the
25 magnitudes of the differences of samples (m,t) and (o,u).
The averages provided by circuit 816 are applied to logic
circﬁitry 818 which produces the K control signal. Logic
circuitry 818 may conveniently be realized with a memory
device, for example, a read only memory (ROM). The average
30 values are coupled as address codes to the ROM which is
programmed to produce K values associated with the average
values. For example the ROM may be programmed to provide
the reciprocal of the average values. Alternatively, the
ROM may be programmed to produce a limited number of K
35 values associated with predetermined ranges of the average
values. For example, if the average values are represented
by seven bit samples having values from zero to 127 the ROM
may be programmed to provide K values_correspongiggmto 1,
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contributions, if present in the input video signal, have been excl uded
fromthe diagram It is seen fromFI GURE 1C that vertically adjacent
sanpl es represent |ike chrom nance compggents. Alternate sgapl g5, pgoween
any pair of lines represent sanples of opposite subcarrier phase and may be
conbi ned 10 separate the | um nance and chrom nance conponents of conposite

vi deo si gnaly/sThe /831 5y8Qf 3yanples, whi/eh an@dy obgoeophhged b@r at-8iragaur pose

o6 L ndh oat Ralte! A% 098 | 1AB0501 9455 419, PLUUES o cpakzhgg, | um nance
sanpl es aIONQOksﬁe,N(aﬁelanneandtdﬂyzedﬁﬁnnedspBChlvelylcaIIy adj acent
saml es {1om || ne N1 gaphetiens Nelaply 9 or8°0Bkerhhe She( L DLuRY) whlc) and

(p,wW. Slnllarly, to produce Sépara onent's represen
provide K values related to the ratio of horizonta

differences Ho to vertical differences VD of the form
VD/(VD+3D). The values provided by multiplexer 66 are
vertical differences. Horizontal differences are derived,
for example, by taking the differences between vertical

10 differences.

The FIGURE 5 circuit will be described in detail.
The operation of the FIGURES 6 and 7 circuitry is similar
and will be readily understood with knowledge of operation
of the FIGURE 5 circuit.

15 In FIGURE 5, the difference samples from
multiplexer 66 and coupled to the cascade connected one-
sample-interval delay elements 510 and 512, to a signal
averager 514 and a signal differencing circuit 524. Output
samples from the delay element 512 are coupled to

20  respective second input connections of the signal averager
514 and the signal differencing circuit 524. Averager 514
provides the average value, VD’ of two difference samples
(e.g., (n-t) and (o-v)) and differencing circuit 524
provides the difference, HD' between the same two

25 difference samples. The average values Vb are applied to a
magnitude detector 516 which provides the absolute value
IVDl'of the average value. The differences HD provided by
the differencing circuit 524 are coupled to a magnitude
detector 522 which provides the absolute value lHDI of the

30 difference values. The wvalues ]HDI and IVDI are summed in
adder circuit 518 to form the signal le|+lVbI. The value
IVDI from detector 516 is then divided by the wvalue
IHD|+|VD| in @ivider 520, producing the signal sample
IVDI/(IHD|+!Vbl)'which is constrained to have values

35 between zero and one inclusive. The signal samples from
the divider 520 are coupled as address codes to a ROM 526
which is programmed to provide the appropriate K value for
respective address values. Note that the FIGURE 5
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-6- line N1, the sanples along line N1 are alternately conbined with
sanples fromline N2 and |line N Alternatively, if the input
video signal contains only a chrom nancggyconponent, alterngtg §e)phes of

| i ke subcarrier phase nay be additively conbined to produce noi se reduced
conb filterd ehrom nance signals, i.e., samples (l,a) (mt) (n,c) (o,n) and
(p,e). In thizcaizny mayt bies sldghtigr yehorangedr tenhhyepthei dévidepl es from

from st gnal S2Pr BroaNes The ZacaSknd T naep Tifplita, ihs Ehip e EnPEERUET. o
the |ines h&he ROY 52powadilt per epproptiakrlyhptognammedetocansoumpdate
devel opi ng_¢ABRe! bhiaglsd GRIAELNANGSRAURLES chae £7°81 LAdr! iABLELEY
conbining sanples fromlines N and N+l. In |ine N+l

5 the function of the ROM 526 may be provided with

alternative logic circuitry.

FIGURE 9 is an alternative adaptive comb filter
circuit which switches between line alternating comb
filtered output and various other substitute signals. The
10 comb filtered chrominance signal produced by the FIGURE 2

circuitry is an example of line alternating comb filtered
signal. In FIGURE 9, circuit elements designated by like
numerals as elements in FIGURE 3 are similar and perform
like functions. As such, multiplexer 64 produces a line

15 alternating comb filtered chrominance signal and
muitiplexer 66 produces a sequence of line difference
samples, which difference samples do not contribute to the
comb filtered signal per se.

Refer to FIGURE 1C and consider a comb filtered

20 signal representing line N pixel n. A line alternating
comb filter combines samples n and u. If there is a
vertical transition between lines N and N+1, the comb
filtered sample will probably be in error. 1If a vertical
transition exists between lines N and N+1, it is highly

25 unlikely that a vertical transition will concurrently occur
between lines N and N-1. Therefore, it may be more
advantageous to combine sample n with a sample from line
N-1, for example sample a or sample e or an average of
both. Note samples a and e are sampled at the same

30 subcarrier phase as sample u. The circuitry of FIGURE 9 is
arranged to substitute a comb filtered sample, e.g., n=-a,
or sample n for the line alternating comb filtered sample
e.g., n-u, if a probable error exists in the line
alternating comb filtered sample.

35 In FIGURE 9, signal from the bandpass filter 50
is coupled to delay elements 910 and 912 to concurrently
provide samples u, t and s (FIGURE 1C). Signal from delay
element 56 is coupled to delay elements 914 and 916 to
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sanples s,u and w are inverted to produce sanples -,s -u and -w. Then
sanples (1,-s) (mt) (n,-u) (o,v) and (p-w) are conbined to produce the
conb filtered chrom nance conponent FIGURE 2 il t pat

RE3BEn ARy e

circuitry enbodying the basic |nvent|on15rnput vi deo si gna

sourced firom a conventlonal television tuner is applied to term nal 10.

Thi s signal I put €0 chi @ QPRE

anal og-t o- dFB? conv er %aﬁ%lb% & > Q 8 %hagé keg)loop fPLL)
circuitry 16€dag §}ﬁ@Q§§§aP&t @nﬂ4glﬁhér§yﬁ@“§éﬁér§POF38E96F6H831§PB@rst
gate signal feemifadls io¥ GOW1ed phexehe ol whiithULkr &oihalnt?hhdcro Cghkry 16

I S responsi .t he rst .co ent of he .vi deg signal.

cl ock S|gnalwﬁa$l %$ &&@Wga EF ugive QB Eﬁ? ﬁagge QUBEEFrFer
frequensy fbempﬂe ﬁh@meﬂumekudlt@hengthbhmthapuexet Bhelshpassmagca
conponent . | | i upys p shifts
the phase o;%l% %E)kr%s%%épf(}%%u st%gr?tgclg&%fayg§§ﬁer9] 5'Erlgfaat | ve %e U or
V axis. TheapﬁagécghWEﬂﬁd -.cl Fhe ouFpat iof mpémnpdexertﬁéSSaﬁpbpngleﬂock
input term RY thfe AbbthandMd dnput of subtracter 920. The minuend

input of the subtracter 920 is coupled to the output of the
10 bandpass filter 54. The subtracter 920 provides the
difference e.g., n-a concurrently with multiplexer 64

providing the difference n-u. Output samples from the
subtracter 920, multiplexer 64 and bandpass fitler 54 are
coupled to respective signal input terminals A, B and C of

15 a multiplexer 922. Multiplexer 922 is conditioned by a
control circuit 940 to pass one of the signals available at

its A, B and C input connections as a chrominance signal

chroma. The chrominance signal may thereafter be combined
with composite video signal to produce a luminance

20 component as in FIGURE 3. Note, compensating delays are
provided in each of the input signal paths to the
multiplexer 922 to accommodate the processing delay of the
multiplexer 922 control signal generating circuitry.

Control signals for the multiplexer 922 are

25 developed from the alternate difference samples provided by
multiplexer 66. In the exemplary circuitry shown, sample
differences from multiplexer 66 are coupled to circuitry
924 which provides logic one values for difference samples
having a magnitude which exceed a ﬁredetermined threshold

30 value and provides logic zero values otherwise. The logic
one/zero values are coupled to the cascade connected delay
elements 926-930. Assuming that the current signals
available at multiplexer 922 correspond to line N sample n,
the one/zero values representing the alternate difference

35 samples from multiplexer 66 are indicated adjacent the
output connections of delay elements 926-930. The one/zero
values from delay elements 926 and 928, representing
difference values disposed on either side of the current
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di vide-by-two frequency divider 20. The PLL 16 al so devel opes a PAL switch
signal which represents the relative phase of the V chrom nance conponent.
Crcuits 14, 16 and 18 may be of convepjional design. Circred 48, 1@y be
-7- i ncorporated in the PLL 16. In an alternative arrangenent,'the sync
separator 14 and PLL 16 nmay be designed to process

line alternating comb filter sample, are applied to
respective input connections of an AND gate 932. AND gate
932 provides a logic one output value only when both of its
input values are a logic 1 and provides a logic zero value
5 otherwise. If AND gate 932 provides a logic one value it
is probable that the line alternating comb filtered sample
from multiplexer 64 is in error. _
The one/zerc values from circuit 924 and delay
element 930 are coupled to respective input connections of

10 an AND gate 934. The values coupled to AND gate 934
represent differences disposed on either side of the
current line alternating comb filter sample removed two
sample intervals from the current sample and derived from
the current line (N) and the adﬁacent line (N-1) which is

15 not contributing to the current line alternating comb
filter sample. AND gate 934 provides a logic one output
value when a vertical transition exists between the current
line and the adjacent line not contributing to the current
line alternating comb filter sample.

20 The output logic value from AND gates 932 and 934
are applied to the control logic circuitry 940 which
generates control signals for multiplexer 922. 1If AND gate
932 provides a logic 0 value, control circuit 940
conditions multiplexer 922 to pass the sample available .

25 from multiplexer 64. If both of the AND gates 932 and 934
provide logic one values, indicating transitions between
the current line and both adjacent lines, control circuitry
940 conditions multiplexer 922 to pass the sample available
from the bandpass filter 54. Finally, if AND gate 932

30 provides a logic one and AND gate 934 provides a logic
zero, indicating a vertical transition between e.g., lines
N and N+1 but no transition between lines N and N-1, then
control circuit 940 conditions the multiplexer 922 to pass
the alternate difference sample (e.g., n-a) provided by

35 subtracter 926.

The circuitry of FIGURE 9 can be slightly
rearranged to generate a further substitute signal
(alternative to the sample n-a). Consider the comb
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digital sanples in which case the input signal to these circuits is derived
fromthe output signal fromADC 12 (indicated by the broken |ine
connection). - The PAL switch signal and the C|°CkREAg$§|1§§Om
divider 20 are coupled to respective input term nals of an éXclusirvé OR
circuit 22 which produces a two tines f clock signal of opposite phase on

alternate |ifietertdeshnpliel TRSuh[ QEb]rteeﬁ?.&g?i ﬂtﬁﬁé ' SsSﬁHEEeﬂ.tOTEFZ

control input termnal, of a switch_circui 0 alternately coup

sanpl es appPRERLEoCirt dmpGGiately| abRye: sapplenp k8 P§ LhkesEpLPiing 28.

The video sphask.at Boehns aﬁbléial s aaanagndvagﬁgﬁgulegieéﬂt oibi Baﬁalipaeém by

ADC 12 to py es_as il lustrated.in : ese. sanp are

coupl ed to ggg#%%h§%r§%§ta “Fn?&FvHF‘&?F&;YeF%ﬁSﬂ%nﬁﬂcﬁnﬁaPBl?ﬁe iﬁ%ﬂ?

term nab | 1i6f thei sehples Bhendekapre sddisliveilynedmbiped| ehensui4 | s

coupled 10 anseeelduene BA' bEbel1yNLCEY2bpiRbAkeCLERBTL, 20mblg Output of
al” I'27of swtch 327°Tf t

which is coupled . to the 1 nput term WMt C e signal
provi ded bySHBELY}tutenEamPRes BAYcBBoRTSdNGer; AR KheFFUBMREL®), then

arrangement by substituting an adder circuit for subtracter

926 and coupling the A and B input connections of

10 multiplexer 918 to the output connections of delay element
56 and bandpass filter 50 respectively (i.e., eliminating
delay elements 910~916). The remainder of the circuitry of
FIGURE 9 can remain intact. The substitute samples, e.g.,
(n+c), have the advantage of being derived from spétially

15 adjacent samples, but the disadvantage of including high
frequency luminance. Conversely the substitute samples,

-e.g., (n-a), contain substantially no luminance components
but are derived from fairly widely separated samples and
may include errors due to horizontal transitions.

20 ' Both alternatives of the FIGURE 9 circuitry may
be combined in a single system with appropriate detection
circuitry to select the substitute sample least likely to
introduce artifacts in the reproduced image.

FIGURE 10 illustrates an adaptive comb filter, of

25 the type shown in FIGURE 2, for processing the sampled
video signal produced by ADC 12. In FIGURE 10 a total of
three different ways for deriving a luminance signal Y and
likewise three different ways of deriving a chrominance
signal C, are shown. 1In each instance the signal paths are

30 evaluated, as a function of the vertical components, to

| determine which path will provide the best expectd signal
separation. This is achieved in the.ﬁollowing described
manner according to.the arrangement of FIGURE 10, in which
the luminance signal Y2H and the chrominance signal C2H

35 correspond to the signals Y and C respectively in FIGURE 2.

In FIGURE 10, the sampled and digitized input
video signal from ADC 12 is provided to the input a' of the
series circuit of delay elements 1004 and 1005. At the
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the signals applied to the inputs 11 and 12 of switch 32 correspond to
lines N+1 and N-1 respectively. Signal representing line N from
del ay elenent 24 is coupled to the m nugrd i nput term nal @tasdltrgeter 28
and output signal fromswtch 32 is coupled to the subtrahend i nput

term nal .of subtracter 28. Switch 32 is conditioned to couple alternate
sanpl es froraéﬂm Ww@ I\Pthetx@osﬁjhilfea@ighaa&xsedglaybhebsveqnenmnef

sanples s, b, hro ange ,companen of, t.h a s.are
constructiv 5% lﬁ?4%1 ract2¥ Sap?gdgfgageggkﬁ FlPtered
chr oni nance lsingsal . Bleftwteleel mmnrmugna:loumclaudesxdathamcnm porpnbiit it
|'s subst antialdyy, tracterlaégﬁé%et R oruld %&151 felanct Qe R %bﬁ'%@

provi ded by su I's coupled to pass I'ter
have a [FassPeiditedompss hey Ot"r?@“rtr diatc ¢ sﬁe@ﬂb&fﬁrﬁéﬁﬁﬁﬂ ?W@ugi"@a by
the chrom n3RCRohndded. f The outputs of the subtraction stages 1006

and 1007 are applied to respective inputs of a change over
switch 1008. The change over switch 1008 is controlled by
a switching signal fsw related to the sampling rate and

10 provides at the output d' the extracted chrominance signal.
The chrominance signal is provided via amplifier 1012, with
an amplification factor of 0.5, to terminal 1009 where it
is available as digital chrominance signal separated from
the luminance signal. The chrominance signal at point g is

15 also provided to one input of a subtraction stage 1010
whose second input is the combined signal from center point
b'. At terminal 1011 there is obtained the difference
between the combined signal and the chrominance signal,
thus providing the digitized luminance signal separated

20 from the chrominance signal. In addition, in FIGURE 10 at
the points a', b', ¢' the adder stages 1013 and 1014 are
connected as shown. The adder stages 1013, 1014 provide
respective signals h and k according to the table shown in
FIGURE 11.

25 From FIGURE 11 it is evident that for each of the
signals at the outputs h and k, during alternate sampling
intervals, a pure luminance signal occurs. These signals
h, k are supplied rspectively to interpolation filters 1015
and 1016. These filters, through division by two of the

30 sampling rate, processes the alternate samples having the
pure luminance signal and generate interstitial samples via
interpolation. Thereby two additional luminance signals
YD, YU are provided respectively responsive to the outputs
h and k. Correspondingly the chrominance signals from

35 outputs e' and f are additionally supplied to two
interpolation filters 1017, 1018 and are there converted in
the same manner into two further chrominance signald CD and
CU. It is evident that now three luminance signals,
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-8- the input video signal includes a |um nance conponent, a  separated
| um nance signal is provided by subtracting the bandpass and comb
filtered signal fromelenment 30, from _gdplayed conposite HGER |1g;r§;1I from
delay element 24 in the subtracter 34. Del ay elenent
provi des .sanples representing line N-1 when conb filtered signal
representi ngspediefitably YoH NP, OMF de&fli 1 <o) g R Qihx%%:l(tﬁi‘ii:é@lgﬁ&’ltéﬁ

| ne Nt is G 1T ch s vat g Al A S A i e i, o
hal f-H del ayf:tomel,lreesg n-%, menand ai*e]n:ent'rhls means that these signals
are dependent on the vertical components present in the
5 picture which are the difference between signals of
successive lines.

It is now determined, as a function of the
presence of vertical components, which of the three
luminance and chrominance signals available should be used

10 in further signal processing, picture display or recording
such that the best separation of luminance and chrominance
information is provided. As criterion for the selection,
the chrominance signals at the outputs e', £ of the
subtraction stages 1006, 1007 are evaluated. These signals

15 are supplied to two subsampler stages 1019, 1020. These
subsampler stages effect through a division by two of the
sampling rate, an evaluation of the signals only during the
sampling intervals according to FIGURE 11, in which their
amplitudes e', f in the absence of vertical components are

20 zero, thus for example with the chrominance signal at the
output e!, during the sampling intervals 2 and 4. The
amplitudes e' and f are evaluated in the stages 1019, 1020
and through filtering and rectification converted into two
voltages with the values A' and B'. In the presence of

25 vertical components the amplitudes A' and B' are not zero
but rather increase corresponding to the amplitude of the
vertical components. These voltages are supplied to
comparator circuit 1021 and there compared with a threshold
value S. As a function of this comparison at the output

30 1022 a setting value originates which effects a selection
between the luminance signals and the chrominance signals
at the outputs in FIGURE 10 in such a way that, for
particular vertical components, an optimal separation takes
place. This selection takes place according to the

35 following rule:

Result of case Output Output
comparison ' luminance chrominance -
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[

|




having half the storage capacity as delay el enent 24 and cycl ed or

cl ocked at one-half the sanple rate. FIGURE 3 illustrates an
adaptive conb filter of the type showl,gyl FI GURE 2, inclugb@gsgdgggional
circuitry to conpensate for conb filtered signal artifacts | ntroduced by
vertical -transitions of the video signal. In FIGURE 3, signal from ADC 12
i's coupled §1Q aroreghomirzanigal -i nt ervalyzg del ay el ement 52cgad a bandpass
filter 50. tpyt signal, fragmdelay element 52 is coupled yia a bandpass
filter 54 Sg égsécghdAﬁné- 8rizonta|-' erval del ay eleneﬁ¥ 56. Bangpass
filters 50 andB34>hayeppasshaands arrang®d to _enconpass theufrequency
spectrum normal Iy occupied by the chrom nance conponent of the input video
si gnal . Qut put signal from bandpass filter 54 is coupled to the
m nuend i nput connect AcEordingfor saiser 1citheuiampligudes 60. andt Bit signal s

from delsay Gle@@pilingd ot ¢HRAREARA Eall! IcoffpoP@ntke 1485 BREbIY &hy coupled to
t he subtrahend input. connections qf subtracter c¢ircuits 60 and 58. The
t'hr ee threshold value S. This means that in the signal no
significant vertical components are present. Then the
signals Y2H and C2H are used. If according to case 2, the
amplitude A' lies above the threshold value $§ and also
10 above the amplitude B', the signals YD and CD are used.
Thus the signal from the output of the stage in which the
amplitude A' or B' is large, is analogously'switched over
to the other stage. If according tc case 3 the amplitude
B' lies above the threshold value S and above the amplitude
15 A', the signals YU and CU are correspondingly used. With
| low vertical components, thus small amplitudes A' and B',
the circuit operates, with the signals CU, CD, YU, YD not
being used.
_ Through the adaptation of the circuit to the
20 vertical componénts present in each instance, a
significantly better signal separation and an improved
picture display is achieved.
_ While the description provided hereby with
reference to the circuitry illustrated in FIGURES 2-11, has
25 been primarily in texrms of PAL video samples, it will be
appreciated by those skilled in the art of video signal
processing, that the concepts are equaliy applicable to
NTSC video signals, and the claims should be considered in
this light.
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S|gnalshzaabled to‘subtfacters 58 and 60 are all bandpass filtered. If tK::)
S|gnal tﬂum’ nuend i nput connection of subtracter circuits 58

and 6 ” ine N (FIGURE 1Qjben the signals ggupl £§bthe
subt r ahend i hput con tions of subtractérs 58 and 60 respectively
correspond to-lines N+l and N 1. Subtracter 58 produces sanpl es
corresponding to the differences betme@naﬁmgcessive vertically adjacent,

sanples fromlines N afg hgg' S?PiéeCtggparaEhs comprlslng

a signal input terminal (10) for providing an
input video signal; characterized by:

S first means (24,26) éoupled to said signal input
terminal for concurrently providing video signals from
three successive horizontal lines designated top, middle
and bottom; '

means (32) including combining means (28)

10 responsive to said video signals from said top, middle and
bottom lines for providing a comb filtered signal
representing said middle line, said comb filtered signal
including said video signal from said middle line
alternately combined at regular intervals less than a line

15 interval, with said video signals from said top, and bottom
lines.

2. The comb filter apparatus set forth in

claim 1 wherein said input video signal includes a
chrominance component having a carrier of frequency fc

20 modulated with chrominance information and characterized in
that said means including combining means alternately
combines said video signal from said middle lines with said
video signals from said top and bottom lines at a rate
which is a multiple of said frequency fc.

25 ' 3. The comb filter apparatus set forth in claim
2 for comb filtering a video signal including a carrier
signal of frequency fc quadrature modulated along first and
second axes by first and second chrominance components (I,Q
or UV), said apparatus characterized by:

30 sampling means coupled to said signal input
terminal for sampling said video signal at a rate equal to
'a multiple of said carrier signal frequency and at
intervals disposed substantially 45 degrees relative to
said first and second axes, to produce video signal

35 samples;
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sanpl es corresponding—to the differences between successive vertically

adj aﬂmuﬂ r lines Nand N-1. The difference sanples from
subt'ny 4

f
o Al o o, ore oueigs o rospectve ='gag)gonmup by

_ -one nul ti pl exer Mul ti pl exer 64 is
the two-t:ines-f[err] signal fromexclusive ORcircuit 22 (FIGURE 2) to

al ternately couple sagplies #iLp Bgaq%prcﬁbrguiEﬁ g%ﬁﬂngaﬁglﬁﬁga del ay -
el ement 68. The sequence of sanples provide %y mul t1 pl exer 64 corresponds
to the sequafadsoffoamenenrgenlilyeProyisime sed6 videousiapgli FappderE 2

and thus repRseiited GUddsdive 8idraboptialananeR0BIORANY ¢adeos BaGaaNg (O

line N. ) Del ay el enent, .68 proyides a conpensating delay to the
conb fil ter&?%ﬁeﬁ]aﬁt?é"si“ﬁﬁﬁl,e Fg‘dag’e&ﬁ?ﬂ‘dalaé‘ or processing delays in

t he r_erraa' nder_ of the (sarmulntdayxst dniad udkisey idomdining medinsl prosides a

chr0n1nancef§ﬂgugrtéyﬂy%iﬂ& comb filtered video signal including said
video signal samples from said middle line alternatively
combined with said video signal samples from said top and
bottom lines.

10 4. The comb filter apparatus set forth in
Claim 3 characterized in that said means including
combining means also provides a sequence of samples
representing differences between said video signal samples
from said middlé line and alternate samples from said top

15 and bottom lines located between said video signal samples
contributing to said line alternating comb filtered video
signal;

means coupled to said signal input terminal for
generating a substitute video signal;

20 means responsive to said sequence of samples for
determining probable occurrences of errors in said line
alternating comb filtered video signal and substituting
said substitute video signal therefor.

S. The comb filter apparatus set forth in
25 claiﬁ 3 wherein said video signal conforms to PAL standards
and said comb filter apparatus is further characterized by:
means coupled to said signal input terminal for
generating a PAL switch signal having first and second
states indicating the relative phase of one of said
30 chrominance components; and
wherein said means inlcuding combining means is
responsive to said PAL switch signal for determining which
video signal samples from said top and bottom lines are
combined with video signal saméles from said middle line.
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isﬁ%ﬂ | df two signals is of twice anplitude. Therefore the
cQ mﬂmr ﬁlg%ﬂwfrom delay element 68 is coupled to an attenuator 70
whi ch dif vides nal anplitude by t The divided sign f

g P y 119 9NBea’ 58

attenuator 70 is applied to one input tefm nal of a sw tching C|r2%?? 74.
An al ternative-chrom nance signal is coupled to a second input termnal of

switching circuit 74. dghe @héeeaaﬁirfleéfogﬁagpseuéigge'f8§¥hb§nderived by
horizontally filtering signal  provided by bandpass filter 54 in filter 62.
In this instShet® AoFh2patterizeteinodhabyspia ReaNRatReWBERRI chr oni nance

si gnal sanpl esmBonifgpaedh8daleot pLoe0absf bl segaénpe X6k axapilabl e from
attenuat or 7Q, @nsgx%gglaaxf?orizontgéfgiIter fu ctlag His rgprese ted by
t he equationFep esenting FFences Y?fgz?fé rTl B, 81FRS FREPLeS
convent i Bnal fZes saadshbdddlgalinél andndltéenatpesanpies proepsaséntspa one
sanpl e del ay ri t t r 3VE op €.Si may
sinply be thg ga%ggggéj%?f?gr%é8é¥aﬁaﬁg§€%%ﬁa§?%hf§%§§§iF}§$Q§4?§%gg% ed to
t he switchi n§oRrFEERUEIRg tPasaid line alternating comb filtered video

signal;
means coupled to said signal input terminal for
i0 generating a substitute video signal;
means responsive to said sequence of samples for
determining probable occurrences of errors in said line
alternating comb filtered video signal and substituting
said substitute video signal therefor.

is5 7. The comb filter apparatus set forth in
Claim 5 characterized in that said means including
combining means comprises:
first and second subtracter circuits having
respective minuend input terminals coupled to recei&e said
20 video signal samples from said middle line, having
respective subtrahend input terminals coupled to receive
said video signal samples from said bottom and top lines
respectively, and having respective output terminals;
a first multiplexer having first and second input
25 . terminals coupled to the output terminals of said first and
secohd subtracter circuits, having a control input terminal
and an output terminal for providing said line alternating
comb filtered signal;
a second multiplexer having second and first
30 input terminals coupled to the output terminals of said
first and second subtracter circuits, having a control
input terminal and an output terminal for providing said
sequence of samples;
" means, coupled for receiving said PAL switch
35 signal, for providing a control signal to the control input
terminals of said first and second multiplexers, said
control signal having a frequency equal to one half the
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conp€ﬁ§ér‘hg‘de+ay-eLenent 69. For exanple, if the conb filtered signal

corre ined sanples n-u (for -10- line

N)", nﬁg@ ronmi nance sanple cpfresponds to sanmplg, a(gzl @4E 10).
p

It mnl1 e ap by those skilled 1n the art of V|deo S|gnal
processi ng, that other alternate chrom nance signals may be derived from

the input Vviglgp,fd IPte it 3PPEe Bdeive ML) deHidinld b the state of
the PAL switch 51gnal.

8. The comb filter apparatus set forth in
Claim 4 characterized in that said means for determining
5 probable errors and substituting comprises: -
means, coupled for receiving said line
alternating comb filtered video signal and said substitute
video signal, and responsive to a control signal for
proportionally combining said line alternating comb

10 filtered and substitute video signals;

. means, coupled for receiving said sequence of
samples, for developing a first value representing a
vertical transition between lines from which samples for
the current comb filtered sample is derived;

15 means, coupled for receiving said sequence of:
samples, for developing a second value representing a
horizontal transition occurring proximate the sample for
which the current comb filtered sample is produced; and

means, coupled for receiving said first and

20 second values, for providing said control signal
representing the ratio of one of said first and second
values divided by the sum of said first and second values;
and _

means for coupling said control signal to said
25 means for proporticnally compining.

9. The comb filter apparatus set forth in
Claim 4 characterized in tht the means for determining
probable errors and substituting comprises:
means, coupled for receiving said line
30 alternating comb filtered video signal and said substitute
video signal, and responsive to a control signal for
proportionally combining said comb filtered and substitute
video signals;
means, coupled for receiving said sequence of
35 samples, for generating said control signal as a function
of the magnitude of samples of said sequence representing
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Swi t ching ¢j ' ' ditioned by a switching signal Kto couple
ei.t her theﬂlh!m"“w ﬁﬂﬂ)‘[ﬂﬂrom’ nance signal or the alternative chrom nance
si'gnal or a% both to its oytput termnal to

out OViqfdﬁ?
chroni nance conponent signal. The chronifiince conponent si g{ﬁ.ﬁ 3 Tircuit
74 may be subtracted (in subtracter circuit 82) from del ayed conposite

vi deo signal of 20 delay SLEJEDH Bfe L 8E00UGS Aedil IAIC S COIMAREN, ST ONal

The exenplary s tNg crrcu i ncl udes connection of a
subt ract er 78he anagnityde cof 78amplies o fiRrid stequRRCe grepYesenting

chrom nance §i gféteh&O8 BELRELAT Bhe T 41 & O bt o NBindPUt of the
subtracter 76. The alternative chrom nance signal is coupled to a second

i nput of subtracter 76 and to the adder 80. The control signal K nomnally
havi ng val ues between Dol Thel tombyefil Sed Pipprhts (4t COOEEI0l in ngdiwf the

wher e 515 and® S S PELEERE, T FRREHBEY | fory ELSRF Seer | TR nance
signal s respeeanyefgy combining Wides osigmal sfxpmlsddid smikiild ootk asith
fol I ows. videc signal from one of said top and bottom lines to
provide a further comb filtered signal representing said
middle line, and including means responsive to video signal
10 from said middle line and video signal from said one of
said top and bottom lines for selecting one of said comb
filtered signal and said further comb filtered signal as an
output comb filtered signal.

li. The comb filter apparatus set forth in claim
15 10 characterized in that said comb filter further includes
means for combining signal from said middle line and the
other of said one of said top and bottom lines to provide a
still further comb filtered signal representing said middle
line, and means responsive to video signal from said top,
20 middle and bottom lines for selecting one of said comb
filtered signal, said further comb filtered signal and said
still further comb filtered signal as an output signal.

12. The comb filter apparatus set forth in claim
10 characterized by said means for combining video signal
25 from said middle line and said oné of said top and bottom
lines to provide said further comb filtered signal,
provides combined samples of alternately available samples,
and includes interpolating means for generating intervening
samples.

30 ' 13. The comb filter apparatus set forth in claim
11 characterized by said means responsive to video signal
from said top, middle and bottom lines for selecting one of
said comb filtered signal, said further comb filtered
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Re}lmmﬂmﬂlmwmand consider a conb filtered signal corresponding to

sanpl e n conb filtered sanple representing pixel nis a

combi nation of sanples n and u. If a veltd.cal transition excdg %sbqts\geen
lines N and N+1 there is a high probability that the conbined sanple wll
be erroneous, <i.e,, introduce an artifact in the displayed inmage. If a

transition exigid aindisdld khAMGRA tridietdMATd INEked fsiighdli ghl y probabl e
that the transition extends to the area between pixels mand t and pixels o

and v. The eBH%lt‘ésrﬁfe' of such transitions can therefore be detected by
measuring the differenfifrdtetnvais | fdee prmdeiiseyal imtt dirfifexencelhese

sanpl es are sniot_;tnalﬂt Ia.lépzxeéjseln in evet_!hoeo id}gffet}%r{:c%ngn amplitudes of video
5 signal from said top and middle lines;
second means for providing a second difference
signal representing the difference in amplitudes of video
signal from said middle and bottom lines;
means for providing a threshold wvalue; and
10 means for comparing the first and second
difference signals and the threshold value, and selecting
said comb filtered signal if said first and second
difference signals are less than the threshold value,
selecting the further comb filtered signal if the first
15 difference signal is greater than both the second
difference signal and the threshold value, and selecting
the still further comb filtered signal if the second
difference signal is greater than both the first difference
signal and the threshold value.

20 14. The comb filter apparatus set forth in claim
1 characterized in that said means for concurrently
providing video signals from three successive horizontal
lines includes a first sampled data delay line for storing
samples at a predetermined rate, and a second sampled data

25 delay line having half the storage capacity as said first
sampied data delay line and operated at half said
predetermined rate, and means for‘coupling said second
sampled data delay line to said first sampled data delay
line.
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filtered sanple representing pixel n, but are utilized in determining if @
the conb filtered sanple nmay be erroneous. Referring again to
FFGURE. 3, sanple differences fromsubtracter circuits 58 e
coupled to respective signal input termnals of a further nultigl'exer 66.
Mul tiplexer 66 is conditioned by the two-tinmes f[err] clock signal from
exclusive OR circuit 22 to R ofSaHENSAlbsta@! e differences
representing the alternate S erences no passed by multipl exer
64. That is when coniFdmh ]é*'g-P%a"}ﬁH [9The N,

t he sequencexyf v&&{éﬂ esadgz{atlfﬂ mﬁﬂmw%mngjldﬂwzﬁxﬁw @& ares 18y iteed

fromsanpl e d The s S provide

mul ti pl exer s@éﬂ (tmcoup]]%eé} qr%al q-'cd’él s grs":"l‘:"gsn E;Q%ﬁeraﬁ:or %H?%h

devel ops$s a dt bt raessi gritie rwrsé@tsmalhes agloapiledl goodtedsy of
circuitry (24,26) arranged to concurrently provide video

samples from three successive horizontal lines, designated
top, middle and bottom. The video samples from the middle
line are combined (28,32) with samples alternately selected

10 from the top and bottom lines to provide a comb filtered
signal.

I}
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tHe current conb filtered signal. For exanple, if a vertical transition(EE)
detected or not detected, generator 72 mamy produce control values of ze
and one respecti.vely. FIGURE'4-is a eifcuit- diagramfor a contro
signal generator 72 which devel ops K control signals having one and zero
values. In thi's circuitry, the difference sanples fromnultiplexer 66 are
coupled to circuit elenment 410 which pro@]ﬂes t he magni tude of the
di fference sanples. The magnitude sanples are conpared to a reference val ue
REF in a conparator 412 which -provides | ogic one and zero values for the
magni t ude s?ﬂﬂ#es bei ng greater and | esser than the reference val ue
respectively he reference value is selected to be at |east equal to the
nom nal expected noi se value to preclude fal se detection of transitions.
The referemMe2val ue & be iMcrease@ to a*Jal ue t@presenting vertica
transitions which do not produce unacceptable conb filtered g”qsalgHArhich
e a

value will jfpejdeternmged suhjjectivehy for_gach pq?ticular_vi 0" Si
processi ng system The one/ zero val ues from conparator 412 are
N +Q -1 -Q +| +Q —
N+ 1 -Q +1 . +Q - -Q +|
N+2 +Q -1 -Q +l +Q -1
line
N-2 -U -V U \' -U -V

FIG. 1B

XXX XX
N+ -V -y \'} -V =-U

N+2 -U -V U Vv -U -V

jine

N-2 =(V+U) =(V-U) (V+U) (V=-U) -(V+U) '
a b ¢ d e FIG. 1C

N-1 (V+U)  =(V-U) =(VeU) (V-U) (V+U) '

1 m n ’o P

N (V+U)  (V-U) =(V+U) =(V=U) (V+U)
*s t u v *w

N+1 -(V+U) (V-U) (V+U) =(V-U) =-(V+U)

‘N+2 =(V+U) =(V-U) (V+U) (V-=U) -(V+U)
time
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coupled to one input termnal of a NAND gate 418, and to the input term nal
of- the cascade connected del ay el enents 414 and.416. . The out put of del ay
el enent 416 is coupled to “a second:i.nput - of t'he NAND gate
418. The delay elenents 414 and 416 each provide a sanpl.e delay of one
sanpl e period.” If the conb filtered san&l7gunrently provi ded by

> (¥

26
FIG. 2

1H
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' @ 5
o~ | N g
7N — 52
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aftehuatggng corresponds to the difference between sanples (n,u) then the
one/ zero values™at the-input to delay el enent 414 and out put of delay
erenehﬂmﬂ%ﬁngg@kgﬁeppd to differences between: sappl es, (‘0, v),*and*,(mt)

respect ﬁ?c "one" is present;at -both input's; tq-the NAND gate
418, / El ovides a zero value and-‘the al terrmate c¢hrom nance
sanple I's

swtching circuit ng O herwi se, NAND gate 418
provi des a "one" value and the conb filt d signal iegovided by circuit

74. FI.GURES 5-8 show alternative enbadi nents df the K signa
generator 72, each of which provides a varigQl efcontrol |signal, K, having

values fromzero to one. Refer first to FI GOREANIN thi|ls enbodi nent,
sanpl e di fferences from nmulti plpexesr—ee S magni tude circuit
810 whi ch provides the magnitud e magni tude val ues
are coupl ed to cascade connect g
| nput connection of a sanple av
el enent 814 is coupled to a seqond inpdt conng ynlof the aver agi ng
circuit 816 which provides thelaverage |of sallp

o dmas  aum e e emmm deaa
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3

appli e‘d' "t 0 7ts input connections e.g., the average of the magnitudes of the

di.f f epengesufB ®$ (mt) and (o,u). The averages provided by circuit
816 ar ogi ¢ circuitry 818 whi ch produces. tthe K'control signal.
Logi c “\gﬂlmg\ may conveniently be realized with a menory device, for
exarrpl nl'y menory (ROM). The average Val ues are coupl ed as

address codes to the ROMwhich is progrlaljr&ed to produce K val ues associ at ed
with the average val ues. For exanple the ROM ’? \prograrmed to provide
the reciprocal of the average values. Alternatjvely, %e ROV may be
programmed to produce a limted nunber of K vglhues associated with
predeterm ned ranges of the average val ues. FH exanple, if the average

val ues are represented by seven bit sanples h ng val ues fromzero to 127
the ROM nay be progranmed to provide K val ues cprresponding to 1,

| : . FIG. 4
>—1MAG "_;D P ™ tp
414 416
MUX 66 g
REF

FROM
MUX 66
LN
rd
FIG.S
AVERAGE |
AmaGNITUDE
516 T K
VARIABLE
518 + K ROM 1+
522 ‘
520 .
MAGNITUDE [~ 526
10 |FFERENCE j—
| =524
>—1MAG |—p—utp —utp
FROM FIG. 6
MUX 66 : AVERAGE le——¢
VARIABLE
K ROM
+
MAGNITUDE

!

L pIFFERENCE 1-—




v

- 13- 7/8, 6/8, 5/8, 3/8, 2/8, 1/8 and 0 for ranges of average val ues of

(01§§1lsﬁatﬁm nReplased1 7y (48-63), (64-79), (80-95), (96-111) and (112-127)

respe FIGURES 5, 6 and.7 are.alternairve circuits which

pr ovi ated to the ratio of hotgi'zontal; dj fferences Herr] to
vertical differences VD of the formV[erri/ (N err]+Hferr]). ‘The' val ues
provided by mul tiplexer 66 are vertical Wy erences. Horizontal differences
are derived, for exanple, by taking the differences between verti cal '
di fferences. The FIGURE 5 circuit will be described in detail
The oper atiF8dMof the FIGURES 6 and 7 circuitry is simlar

MUX 66

S L 2 M t t

/7 AGITUDE ™™ p

FIG. 7

it MAX  pel—

6 » K ROM
MAGITUDE K VARIABLE
|

DIFFERENCE [

FROM 810 812 814
MUX 66 | ] |
> »{ MAGITUDE eyt
7 P P l FIG. 8
AVERAGE
816
4
ADD K VARIABLE
K ROM "

818



A

and mnYT‘be~fead|Iy understood with know edge of operation of the FIGURE 5

C|rculﬂhms I FI'GURE 5, the difference sanples frommultiplexer 66
and cou gzg qa§gfde connected one- -sanple-i-nterval -del ay el enents
510 and averager 514 and a signal differencing circuit
524. Qu on1the del ay el enment 512 are coupled to respective

second i nput connec ons of the signal av}ﬁiber 514 and the signal
differencing circuit 524. Averager 534 provides the average value, V[err],
of two difference sanples (e.g., (n-E§ and (o-v)) and differencing circuit
524 .provides the difference, Herr], between the sanme two di fference '
sanples. The average values VD are Qgplied to a nagnitude detector 516
whi ch provi deset he absol ute val ue [er of the=average value> The o

di fferences [éﬁr}—-prOV|ded by the ég femenC|n i circalt 5243are coupred to

a magni tude d 522 whi . “-sgghe a | ut al ue [err] | (Df the
di fference va The val err]| are suymred i n Jadder
circuit 518 t mthe sig +| V[ert]|. The valug | VD frjom
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|H[el"}iis]s|héek}x{£s§(,5r] n di vi der 520, producing the signal sanple
e@[err] |) which i's constrained to have val ues between

| V[ er ] ]
zero M I i ve. The signal- sarrpl €s from-ihe di'vider 520 are coupl ed
as ad a ROM 526 which is program*redto provide the

appropriate K value for respective address values. Note that the FI GURE 5

- 14- circuitry may be slightly rearraﬁg’eg to have the divider
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Rl B s

Werr]|/(| Herr]| +| V[erg,ﬂ) ' In th| S i pstance ,}ahe
satael y progranmed to aCcmrm)date t hese fddress

ei ther instance the function of the ROM 526 ng
el ﬁﬁ@a@%rnatﬂ ve logic circuitry: Fl GURé Qs an:"y

al t er nat v{a adaptLv&w@ ?‘I lter circuit whié¢h sw tches betweefl 1ine ~-~ :
al ternati ng “conb il t er ed; out put and “}ari ousiot her substitute f/ gnal s. The
d--eht-of-nanee=si gnal produced by the FIGURE 2° circ Hry i's an:

exanpl e of l'ine alternati ngieedorhy | o %megﬂ@éRIﬁd‘l FIGURE 9, circuit™
el enent s designated by |ikepanunrn arssaviosonepnégans) FI GURE 3 are sinilar

and perform |ike funq.ﬁ%ng_ﬁro £S5 N & Y4t heéﬁr %tl p%ggs £8 l'ine

alternating conb filtere m nance si gna exer 66 produces a
sequence of PXREeEFLRG Biflge sdgRples, which difference sanples do not

contribute to the contnfp:}dcusednglgrwéo bignats, it is knowReterbé o FlI GURE

1C and consi dgf t&fﬁ?HPﬁ'Aé&h éb&@ r&gﬁﬁ%&&‘ ’cﬂ? i\hﬁ%agcgl ¥gg n- Aline

alternating co ter’ conbi nes es f ere_1s

ominance components f m composite video signal wzth

comb filters. The reason being that the separated
Juminance component is of full bandwidth, e.g., 4.2 MHz for
NTSC signal, and cross components are substantially
eliminated from both of the separated luminance and
chrominance components. Typical intraframe comb filters
for NTSC video signals include circuitry for combining
signals which are displaced in time by an odd integral
number of horizontal line periods. Because the phase of
the chrominance subcarrier changes by exactly 180° from
line to line, additively combining NTSC video signals
displaced by one.line interval produces a signal in which
the luminance components from the twb lines constructively
combine and the chrominance component is cancelled.
Conversely, if the signals are subtractively combined the
luminance component is cancelled while the chrominance
components from the two lines constructively combine. The
vertical resolution of the luminance component is
compromised but is acceptable.

PAL signals on the otherhand have a chrominance
subcarrier which exhibits a 180° phase change every two
horizontal line periods. Therefore, typical intraframe PAL
comb fiiters combine video signals which are displaced in
time by two horizontal intervals. The PAL comb filter
function is basically the same as for the NTSC comb filter
however, since the signals that are combined are spatially
displaced by two lines, the vertical resolution of the PAL
luminance component is significantly impaired, and tends
towards not being acceptable. .

Yoshimitsu Nakajima et al in an article entitled
“Improvement of Picture Quality For NTSC And PAL Systems By
Digital Signal Processing," IEEE Transactions on Consumer
Electronics, Vol. CE~31, No. 4, Nov. 1985, pp. 642-654
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' m——— el Lty ) _ 1
vertical tyRESEATHYERGt §RBEL| i nes N and N+1, the conb filtered sanple wi

probably bg' iFr

Nl T Iniotg el e .

hat a vertical transition wll

concurrently

*ﬁﬁﬁﬁiF?ﬁﬁl:artical transition exists between |ines N and

L. Therefore, it may be nore advantageous to

i ' i hpk i for exanple sanple a or
conbi ne sanplle._n..wi-th-a-saipke fromline N1,
sanple e ogpan average of both. Note samples a and e are sanpled at the

sane subcar+er- phase-asvsafpl e u. The circuitry of FIGURE 9 is arranged to

[ [ - for the line
substitute filtered sanple, e.g., n-a, or sanple n _ _
al ternati ng%c?%%%?%)lel ?é?%ﬁ"‘éearfg)“@ dijtexrg yhich gompime #amplesoreni sts i n

the line al fBrR&t ugcessivé i lirmedSaiged. signal. In!thil

et

[ 15 Ml y.£lgments 910
];I)(r)]g]u'; ?gnt) ?ggaw\f?gleéﬁé?d%%sﬂf, t a#&gstsgﬂggfﬁéq&’@ Yy YA hestldel ay

si gnal
12 to

I ( .
el enent 56 15 ggﬁ%reﬁlT{&%EHQS/ﬁﬁﬂéﬁ§PF§59§§rah€dgn!panl NTSC and PAL
comb filters. The PAL embodiment however combines

diagonally aligned samples from adjacent lines.

This tends

to preserve the vertical resolution of the luminance
component, reduces memory requirements for delaying the
video signals but tends to have an adverse affect on images

containing vertical lines.

Published West German Application DE 3007520 a1
shows a comb filter apparatus for PAL signals including an
intraframe comb filter. The intraframe comb filter
includes a one line delay element for delaying alternate
samples of the video signal from successive lines of
signal. The delayed samples are coupled to one input of a

" combining circuit and intervening samples from the current
line are coupled to a second input of the combining
circuit. Since the combined signals correspond to
alternate samples on alternate lines, the intraframe filter
function corresponds to a diagonal rather than a vertical
comb filter. Further since the apparatus operates on

alternate samples, there is a loss in horizontal
resolution.

Richard C. Spiero in U.S. Patent No. 4,480,265
describes a circuit for comb filtering separated PAL
chrohinance signals by combining signals from adjacent
video lines. 1In this system one of the signals to be
combined is first applied to a phase inverter which inverts
the phase of the (R-Y) component of the chrominance signal
before combining. The line of chrominance which undergoes
phase inversion has its components phase aligned with the
chrominance components of adjacent lines. The phase
inverted line and an adjacent line is additively combined

to develope a noise reduced chrominance signal.

This

system is limited to comb filtering chrominance signal and

cannot be utilized to separate the luminance and

chrominance components from composite PAL video signals.



~Ohpnrde samples ¢, b and a (FIGURE 1C). The del ay

I oRsTE 'oupled to respective I nput termnals of a

s gonditioned by the two tinmes f[err] signal from

exclu3|ve. 1a¢‘2 te pass a sanple fromline N1 when the nultipl exer

64 is pa53|ng a sanple nepresentlng the difference between [ines N and N+l

and vi ce Viepsa:-Theoutputy of nultipl-@er 918 is coupled to the subtrahend

i nput of subtracter 920._ The minuend input of the subtracter 920 is coupled

to the output 6F the bandgass flltgr 54. The subtracter 920 provides the
proach of the present invention seeks to

provide a comb filter for processing, at least PAL, video

signals in which the shortcomings such as discussed above
are substantially avoided.

The present invention is embodied in a comb
filter for video signals, including a delay element for
concurrently providing video signal from three successive
lines designated Top, Middle and Bottom, and signal
combining circuitry for combining signal from the Middle
line with signal alterhately selected from the Top and
Bottom lines, along each line interval.

Iin a further embodiment of the invention,
detection circuitry is coupled to receive the signals from
the Top, Middle and Bottom lines, and generate a control
signal if the signal from the combining circuitry
potentially includes undesirable artifacts. Substitution
circuitry responsive to the control signal, is included to
replace the signal from the combining circuitry with
alternatively filtered signal from at least one cof the Top,
Middle and Bottom lines of signal.

Brief Description of the Drawings

FIGUREs 1A, 1B and 1C are pictoral diagrams
representing a portion of a field of chrominance components
of video signals sampled at four times the chrominance
subcarrier frequency, which diagrams are useful in
undeistanding the principle of the invention.

FIGUREs 2, 3 and 9 are block diagrams of
alternative comb filter circuits embodying the invention.

FIGUREs 4-~8 are block diagrams ox schematics of
alternative circuits which may be implemented for element
72 of FIGURE 3.

FIGURE 10 is a block diagram of a furthef
embodiment of a comb filter arrangement for taking into
account vertical signal components.

FIGURE 11 is a table of samples provided at
various signal points in the arrangement of FIGURE 10.
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Successive lines of an NTSC video signal sampled at four
times the color subcarrier frequency. The signal is
Presumed to be sampled in phase with one of the axes of the
quadrature modulated color difference signal components.
Samples designated +I represent the in phase component and
samples designated 1Q represent the quadrature phase
component. The i+ signs represent the sampling phase
relative to the subcarrier and not necessarily the sample
polarity. 1If the sampled video signal is a composite video
signal, the samples at each location will include a
luminance, y contribution, €.g., ¥+Q, Y-I, Y-Q, Y+I, Y+Q
etc. however, the Yy terms have been excluded in the drawing
to avoid confusion. iIn FIGURE 1A, the in phase and
quadrature samples I,Q may represent the (R=-Y) and {B-Y)
color difference signals or the conventiocnal I and Q color
difference signals. ' The particular sample set is
determined by the sampling phase. It ig Seen from FIGURE
1A that vertically adjacent samples représent like
chrominance components. This vertical alignment
facilitates comb filtering, i.e., additively combining
vertically adjacent samples cancels the chrominance and
pProvides twice luminance while subtractive combining
vertically adjacent Samples cancels luminance contributions
and provides twice chrominance (assuming substantially
redundant line~to-line image content). Any line may be
combined with either adjacent line to produce a comb filter
signal.

FIGURE 1B illustrates a matrix of signal samples
which are intended to represent successive chrominance
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components from portions of successive lines of a PAL video
signal (e.g., PAL/M) sampled at four times the subcarrier
frequency. As in FIGURE 1A contributions of the luminance
component (for composite signal) have been excluded. The
signal is presumed to be sampled in phase with one of the
axes of the quadrature modulated coclor difference signal
components U,V. By convention component U represents the
(B-Y) color difference signal and component V represents
the (R~Y) color difference signal. In the PAL signal the
phase of the V component is shifted 90° line-to-line
relative to the U component. The result is that vertically
adjacent samples represent alternate components.
Consequently vertically adjacent samples cannot be combined
to produce comb filterd signals representing a particular
component. Note however that the samples may be combined
diagonally, as indicated by the arrows, to develope comb
filtered components. - However, errors will occur for
horizontal transitions which can occur in the luminance
component, resulting in significant cross components in the
comb filtered chrominance components.

FIGURE 1C shows the sample destribution resulting
from sampling the video signal at 45 degrees off the U or V
axes. As in FIGUREs 1A and 1B the luminance
contributions, if present in the input video signal, have
been excluded from the diagram. It is seen from FIGURE 1C
that vertically adjacent samples represent like chrominance
compbnents. Alternate samples between any pair of lines
represent samples of opposite subcarrier phase and may be
combined to separate the luminance and chrominance
components of composite video signal. The pairs of samples
which may be combined for this purpose are indicated by the
arrows in the figure. To produce separated luminance and
chrominance components representing line N of the video
signal, the samples along line N are alternately combined
with vertically adjacent samples from line N+1 and line
N-1, i.e., sample (1,s8) (m,b) (n.u) (o,d) and (p,w).
Similarly, to produce separated components representing
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sanpl e. noise reduced comb filterd chrominance signals, i.e.,
samples (l1,a) (m,t) (n,c) (o,n) and (p,e). In this example
it is necessary to concurrently provide samples from three
adjacent lines. Comb filtered chrominance samples may be
produced - from signals from only two adjacent lines if
alternate samples from one of the lines have their polarity
reversed. In this instance, consider developing comb
filtered chrominance samples representing line N by
combining samples from lines N and N+1. In line N+l
samples s,u and w are inverted to produce samples =-,s =u
and -w. Then samples (1l,~-s) (m,t) (n,-u) (o,v) and (p-w)
are combined to produce the comb filtered chrominance
component.

FIGURE 2 illustrates circuitry embodying the
basic invention. Input video signal which may be sourced
from a conventional television tuner is applied to terminal
10. This signal is coupled to the analog input connection
of an analog=-to=-digital converter (ADC) 12, and to the
phase-locked-loop (PLL) circuitry 16 and sync separator 1l4.
The sync separator developes a burst gate signal BG which
is coupled to the PLL circuitry 16. PLL circuitry 16 is
respbnsive to the burst component of the video signal to
develope a clock signal having a frequency of four times
the chrominance subcarrier frequency fsc' phase locked to
e.g. the U axis of the chrominance component. This clock
signal is coupled to a phase shifter 18, which shifts the
phase of the clock signal to substantially 45° relative to
the U or V axis. The phase shifted clock signal is applied
to the sampling clock input terminal of ADC 12 and a
divide~by~-two frequency divider 20. The PLL 16 also
developes a PAL switch signal which represents the relative
phase of the V chrominance component. Circuits 14, 16 and
18 may be of conventiocnal design. Circuit 18 may be
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The PAL switch signal and the clock signal from
divider 20 are coupled to respective input terminals of an
exclusive OR circuit 22 which produces a two times f
clock signal of opposite phase on alternate lines. The two
times fsc clock signal is coupled to the control input
terminal of a switch circuit 32, to alternately couple
samples applied to its two signal inputs Il and 12 to the
subtracter 28.

The video signal at terminal 10 is sampled and
converted to binary form by ADC 12 to produce samples as
illustrated in FIGURE 1C. These samples are coupled to a

"one horizontal interval delay element 24 and to the input
terminal Il of switch 32. The delayed signal from delay
element 24 is coupled to a second one horizontal interval
delay element 26, the output of which is coupled to the
input terminal I2 of switch 32. If the signal provided by
delay element 24 corresponds to line N (FIGURE 1C), then
the signals applied to the inputs Il and I2 of switch 32
correspond to lines N+1 and N~1 respectively.

Signal representing line N from delay element 24
is coupled to the minuend input terminal of subtracter 28
and 6utput signal from switch 32 is coupled to the
subtrahend input terminal of subtracter 28. Switch 32 is
conditioned to couple alternate samples from line N+1 and
N-1 to subtracter 28, e.g., the sequence of samples s, b,
u, d, w. The chrominance component of the samples are
constructively combined in the subtracter 28 to produce a
comb filtered chrominance signal. If the input signal
includes a luminance component it is substantially
cancelled by the subtractive function. Output signal
provided by subtracter 28 is coupled to a bandpass filter

30 designed to have a passband encompassing the frequency
spectrum normally occupied by the chrominance signal. If
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being provided by subtracter 28 (and 34). with reference
to FIGURE 1c it is seen that only every other sample from
line N-1 ig utilized. Therefore delay element 26 may be
realized with a half-H delay line, €.9., a memory element
having half the storage'capacity as delay element 24 and
cycled or clocked at one-half the sample rate.

FIGURE 3 illustrates an adaptive comb filter of
the type shown in FIGURE 2, including additional Circuitry

connections of subtracter circuits 60 and S8. The three
signals coupled to subtracters s8 and 60 are all bandpass
filtered. 1f the signal coupled to the minuend input

respectively correspond to lines N+1 and N-1.

Subtracter sg Produces samples corresponding to
the differences between successive vertically adjacent
Samples from lines N and N+l1. Subtracter 60 produces

il i i th sanples n and ¢
il li ke sanpling phase. Bot : : .
i %ngpgzsoiilter 54n2nd thus are primarily chrom nanc
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(FIGURE 2) to alternately couple samples from subtracter

circuits 58 and 60 to a delay element 68. The sequence of
samples provided by multiplexer 64 corresponds to the
sequence of samples provided by subtracter circuit 28 in
FIGURE 2 and thus represents a comb filtered chrominance
component corresponding to line N.

arrangemen L

Delay element 68 provides a compensating delay to
the comb filtered chrominance signal, to accommodate for
processing delays in the remainder of the circuitry to be
described. The comb filtered chrominance signal, since it
is the algebraic sum of two signals is of twice amplitude.
Therefore the comb filtered signal from delay element 68 is
coupled to an attenuator 70 which divides the signal
amplitude by two. The divided signal from attenuator 70 is
applied to one input terminal of a switching circuit 74.

An alternative chrominance signal is coupled to a second
input terminal of switching circuit 74. The alternative
chrominance signal may be derived by horizontally filtering
signal provided by bandpass filter 54 in filter 62. 1In
this instance, horizontal filter 62 may provide narrowband
chrominance signal samples corresponding to the comb
filtered pixel available from attenuator 70. An exemplary
horizontal filter function H is represented by the
equation:

H = -1+22 P-z"%P
where Z is the conventional Zee transform variable and the
superscript p represents a one sample delay peried.
Alternatively, the alternative chrominance signal may
simply be the bandpass filtered signal available from
filter 54, coupled to the switching circuit 74 via
compensating delay element 69. For example, if the comb
filtered signal corresponds to combined samples n-u (for
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sample n (FIGURE 1C). It will be appreciated by those
skilled in the art of video signal processing, that other
alternate chrominance signals may be derived from the input
video signal and applied to switching circuit 74.

Switching circuit 74 is condltloned by a
switching signal K to couple either the comb filtered
chrominance signal or the alternative chrominance signal or
a combination of both to its ocutput terminal to provide a
chrominance component signal. The chrominance compenent
signal from circuit 74 may be subtracted (in subtracter
circuit 82) from delayed composite video signal from delay
element 52 to produce a luminance component signal.

The exemplary switching circuit 74 includes the
cascade connection of a subtracter 76, a multiplier 78 and
an adder 80. The comb filtered chrominance signal from
attenuator 70 is coupled to one input of the subtracter 76.
The alternative chrominance signal is coupled to a second
input of subtracter 76 and to the adder 80. The control
signal K nominally having values between 0-1 inclusive, is
applied to the control input of the multiplier. The output
produced by circuit 74 corresponds to (K)S1+(1-K)S2 where
S1 and S2 correspond to the comb filtered and alternative
chrominance signals respectively.

The control signal X is developed as follovws.
Refer to FIGURE 1C and consider a comb filtered signal
corresponding to sample n line N. The cbmb filtered sample
representing pixel n is a combination of samples n and u.
If a vertical transition exists between lines N and N+1
there is a high probability that the combined sample will
be erroneous, i. e., introduce an artifact in the displayed
image. 1If a transition exists at pixel n between lines N
and N+1, it is highly probable that the transition extends
to the area between pixels m and t and pixels o and v. The
existence of such transitions can therefore be detected by
measuring the difference between like phase samples m,t and
O0,V. These samples are not utilized in developing the comb

u!érgnal paths are evaluated, as a function of
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respective signal input terminals of a further multiplexer
66. Multiplexer 66 is conditioned by the two-times fs
clock signal from exclusive OR circuit 22 to provide a
sequence of sample differences representing the alternate
sample differences not passed by multiplexer 64. That is
when comb filtered samples are developed representing line
N, the sequence of sample differences passed by multiplexer
66 are derived from samples (1,a)(m,t)(n,c)(o,v)
and (p,c). The samples provided by multiplexer 66 are
coupled to the K control signal generator 72 which develops
a K control signal representing the relative goodness of
the current comb filtered signal. For example, if a
vertical transition is detected or not detected, ‘generator
72 may produce control values of zero and. one respectively.

FIGURE 4 is a circuit diagram for a control

signal generator 72 which develops K control signals having
one and zero values. In this circuitry, the difference
samples from multiplexer 66 are coupled to circuit element
410 which provides the magnitude of the difference samples.
The magnitude samples are compared to a reference value REF
in a comparator 412 which provides logic one and zero
values for the magnitude samples being greater and lesser
thaﬁ'the reference value respectively. The reference value
is selected to be at least equal to the nominal expected
noise value to preclude false detection of transitions.
The reference value may be increased to a value
representing vertical transitions which do not produce
unacceptable comb filtered signals, which value will be
determined subjectively for each particular video signal
Processing system.

The one/zero values from comparator 412 are
coupled to one input terminal of a NAND gate 418, and to
the input terminal of the cascade connected delay elements
414 and 416. The output of delay element 416 isg coupled to
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convert ed i flement 414 and output of delay element 416 correspond to
differences between samples (o,v) and (m,t) respectively.
If a logic "one" is'present at both inputs to the NAND gate
418, NAND gate 418 provides a zero value and the alternate
chrominance sample is provided by switchiﬁg circuit 74.
Otherwise, NAND gate 418 provides a "one" value and the
comb filtered signal is provided by cirxcuit 74.

FIGURES 5~8 show alternative embodiments of the K
signal generator 72, each of which provides a variable
control signal, K, having values from zero to one. Refer
first to FIGURE 8. In this embodiment, sample differences

* from multiplexer 66 are coupled to a magnitude circuit 810
which provides the magnitudes of the differences. The
magnitude values are coupled to cascade connected delay
elements 812 and 814 and to one input connection of a
sample averaging circuit 816. The output of delay element
814 is coupled to a second input connection of the
averaging circuit 816 which provides the average of samples
applied to its input connections e.g., the average of the
magnitudes of the differences of samples (m,t) and (o,u).
The averages provided by circuit 816 are applied to logic
circﬁitry 818 which produces the K control signal. Logic
circuitry 818 may conveniently be realized with a memory
device, for example, a read only memory (ROM). The average
values are coupled as address codes to the ROM which is
programmed to produce K values associated with the average
values. For example the ROM may be programmed to provide
the reciprocal of the average values. Alternatively, the
ROM may be programmed to produce a limited number of K
values associated with predetermined ranges of the average
values. For example, if the average values are represented
by seven bit samples having values from zero to 127 the ROM
may be programmed to provide K values corresponding to 1,




t he sane -@rther chrom nance signald CD and CU. It is

evi dent t gt HDWHr e8! "rilnance signal s,
-19- sppctt H, . YU and al so three chrom nance signals C2H, CD,
CU are avhi | K er in their conposition fromlines n-1, n, and

n+1. Thisén@ans that thesk signal s are dependent on the vertical conponents
present ik FRe-prcture” Whi ch are the_gifference between signals of

i . i

7/8, 6/8, 5/8, 3/8, 2/8, 1/8 and 0 for ranges of average
values of (0-15), (16-31), (32-47), (48-63), (64~79),
(80-95), (96-111) and (112-127) respectively.

FIGURES 5, 6 and 7 are alternative circuits which
provide K values related tc the ratio of horizontal
differences H, to vertical differences Vh of the form
VD/(VD+HD). The values provided by multiplexer 66 are
vertical differences. Horizontal differences are derived,
for example, by taking the differences between vertical
differences.

T e e e v

The FIGURE 5 circuit will be described in detail.
The operation of the FIGURES 6 and 7 circuitry is similar
and will be readily understood with knowledge of operation
of the FIGURE 5 circuit.

In FIGURE 5, the difference samples from
multiplexer 66 and coupled to the cascade connected one-
sample-interval delay elements 510 and 512, to a signal
averager 514 and a signal differencing circuit 524. Output
saﬁples from the delay element 512 are coupled to
respective second input connections of the signal averager
514 and the signal differencing circuit 524. Averager 514
provides the average value, VD' of two difference samples
(e.g., (n-t) and (o-v)) and differencing circuit 524
provides the difference, HD' between the same two
difference samples. The average values VD are applied to a
magnitude detector 516 which provides the absolute value
|VD| of the average value. The differences HD provided by
the differencing circuit 524 are coupled to a magnitude
detector 522 which provides the absolute value lHD! of the
difference values. The values |HDI and IVbl are summed in
adder circuit 518 to form the signal !Hb|+lVDI. The value
|VD| from detector 516 is then divided by the value
IHD|+!VD{ in divider 520, producing the signal sample
IVDI/(]HD|+|vb|) which is constrained to have values
between zerc and one inclusive. The signal samples from
the divider 520 are coupled as address codes to a ROM 526
which is programmed to provide the appropriate K value for
respective address values. Note that the FIGURE 5§
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FIGURE 9 is an alternative adaptive comb filter
circuit which switches between line alternating comb ,
filtered output and various other substitute signals. The
comb filtered chrominance signal produced by the FIGURE 2
circuitry is an example of line alternating comb filtered
signal. In FIGURE 9, circuit elements designated by like
Dumerals as elements in FIGURE 3 are similar and perform
like functions. as such, multiplexer 64 produces a line
alternating comb filtered chrominance signal and
multiplexer 66 produces a sequence of line difference
samples, which difference samples do not contribute to the
comb filtered signal per se.

Refer to FIGURE 1C and consider a comb filtered
signal representing line N pixel n. a line alternating
comb filter combines samples n and u. If there is a
vertical transition between lines N and N+1, the comb
filtered sample will probably be in error. 1If a vertical
transition exists between lines N and N+1, it is highly
unlikely that a vertical transition will concurrently occur
between lines N and N-1. Therefore, it may be more
advahtageous to combine sample n with a sample from line
N-1, for example sample a or sample e or an average of
both. Note samples a and e are sampled at the same
subcarrier phase as sample u. The circuitry of FIGURE 9 is
arranged to substitute a comb filtered sample, e.g., n-a,
or sample n for the line alternating comb filtered sample
€.9., n-u, if a probable error exists in the line
alternating comb filtered sample.

In FIGURE 9, signal from the bandpass filter 50
is coupled to delay elements 910 and %12 to concurrently
pProvide samples u, t and s (FIGURE 1C). Signal from delay
element 56 is coupled to delay elements 914 and 916 to

is now determ ned, as a function of the

PHREMMAG 19 iacremmaliat@ and 4.
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itudes A' and B
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foll owing rul e: Result of case Qut put
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delay elements 912 and 916 are coupled to respective input
terminals of a multiplexer 918 which is conditioned by the
two times fsc signal from exclusive OR circuit 22 to pass a
sample from line N-1 when the multiplexer 64 is passing a
sample representing the difference between lines N and N+1
and vice versa. The output of multiplexer 918 is coupled
to the subtrahend input of subtracter 920. The minuend
input of the subtracter 920 is coupled to the output of the
bandpass filter 54. The subtracter 920 provides the
difference e.g., n-a concurrently with multiplexer 64
providing the difference n~-u. Output samples from the
subtracter 920, multiplexer 64 and bandpass fitler 54 are
coupled to respective signal input terminals A, B and C of
a multiplexer 922. Multiplexer 922 is conditioned by a
control circuit 940 to pass one of the signals available at
its A, B and C input connections as a chrominance signal
chroma. The chrominance signal may thereafter be combined
with composite video signal to produce a luminance
component as in FIGURE 3. Note, compensating delays are
provided in each of the input signal paths to the
multiplexer 922 to accommodate the processing delay of the
multiplexer 922 control signal generating circuitry.
Control signals for the multiplexer 922 are
developed from the alternate difference samples provided by
multiplexer 66. In the exemplary circuitry shown, sample
differences from multiplexer 66 are coupled to circuitry
924 which provides logic one values for difference samples
having a magnitude which exceed a predetermined threshold
value and provides logic zero values otherwise. The logic
one/zero values are coupled to the cascade connected delay
elements 926~930. Assuming that the current signals
available at multiplexer 922 correspond to line N sample n,
the one/zero values representing the alternate difference
samples from multiplexer 66 are indicated adjacent the
output connections of delay elements 926-930. The one/zero
values from delay elements 926 and 928, representing
difference values disposed on either side of the current
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d. Thus the signal fromthe output of the stage in which the

line alternating comb filter sample, are applied to
respective input connections of an AND gate 932. AND gate
932 provides a logic one output value only when both of its
input values are a logic 1 and provides a logic zero value
otherwise. If AND gate 932 provides a logic one value it
is probable that the line alternating comb filtered sample
from multiplexer 64 is in error.

The one/zero values from circuit 924 and delay
element 930 are coupled to respective input connections of
an AND gate 934. The values coupled to AND gate 934
represent differences disposed on either side of the
current line alternating comb filter sample removed two
sample intervals from the current sample and derived from
the current line (N) and the adjacent line (N-1) which is
not contributing to the current line alternating comb
filter sample. AND gate 934 provides a logic one output
value when a vertical transition exists between the current
line and the adjacent line not contributing to the current
line altermating comb filter sample.

The output logic value from AND gates 932 and 934
are applied to the control logic circuitry 940 which
generates control signals for multiplexer 922. If AND gate
932 provides a logic 0 value, control circuit 940
conditions multiplexer 922 to pass the sample available
from multiplexer 64. If both of the AND gates 932 and 934
provide légic one values, indicating transitions between
the current line and both adjacent lines, control circuitry
940 conditions multiplexer 922 to pass the sample available
from the bandpass filter 54. Finally, if AND gate 932
provides a logic one and AND gate 934 prowvides a logic
zero, indicating a vertical transition between e.g., lines
N and N+1 but no transition between lines N and N-1, then
control circuit 940 conditions the multiplexer 922 to pass
the alternate difference sample (e.g., n-a) provided by
subtracter 926.

The circuitry of FIGURE 9 can be slightly
rearranged to generate a further substitute signal
(alternative to the sample n-a). Consider the comb

in
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shoul d be é&ﬁggae$$d§$¢lqn“g;qrpgﬁglmarlly chrominance samples. Thus
if the samples n and ¢ are additively combined the sum
thereof will be primarily a chrominance sample. These
substitute samples may be produced in the FIGURE 9
arrangement by substituting an adder circuit for subtracter
926 and coupling the A and B input connections of
multiplexer 918 to the output connections of delay element
56 and bandpass filter 50 respectively (i.e., eliminating
delay elements 910~916). The remainder of the circuitry of
FIGURE 9 can remain intact. The substitute samples, e.g.,
(ntc), have the advantage of being derived from spatially
adjacent samples, but the disadvantage of including high
frequency luminance. Conversely the substitute samples,
-e.g., (n-a), contain substantially no luminance components
but are derived from fairly widely separated samples and
may include errors due to horizontal transitions.

Both alternatives of the FIGURE 9 circuitry may
be combined in a single system with appropriate detection
circuitry to select the substitute sample least likely to
introduce artifacts in the reproduced image.

FIGURE 10 illustrates an adaptive comb filter, of

»  the type shown in FIGURE 2, for processing the sampled
video signal produced by ADC 12. 1In FIGURE 10 a total of
three different ways for deriving a luminance signal Y and
likewise three different ways of deriving a chrominance

cor r espondi

signal ¢, are shown. In each instance the signal paths are
evaluated, as a function of the vertical components, to
determine which path will provide the best expectd signal
separation. This is achieved in the-following described
manner according to the arrangement of FIGURE 10, in which
the luminance signal Y2H and the chrominance signal C2H
correspond to the signals Y and C respectively in FIGURE 2.
In FIGURE 10, the sampled and digitized input
video signal from ADC 12 is provided to the input a' of the
series circuit of delay elements 1004 and 1005. At the
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center point b' thereof the signal is delayed by one line
and at the output point c' the signal is delayed by two
lines. Between the input point a' and the center point b!
a subtraction stage 1006 is connected. Between the center
point b' aund the output point c¢' a substraction stage 1007
is connected. The outputs of the subtraction stages 1006
and 1007 are applied to respective inputs of a change over
switch 1008. The change over switch 1008 is controlled by
a switching signal fsw related to the sampling rate and
provides at the output d' the extracted chrominance signal.
The chrominance signal is provided via amplifier 1012, with
an amplification factor of 0.5, to terminal 1009 where it
is available as digital chrominance signal separated from
the luminance signal. The chrominance signal at point g is
alsoc provided to one input of a subtraction stage 1010
whose second input is the combined signal from center point
b'. At terminal 1011 there is obtained the differencg
between the combined signal and the chrominance signal,
thus providing the digitized luminance signal separated
from the chrominance signal. In addition, in FIGURE 10 at
the points a', b', c¢' the adder stages 1013 and 1014 are
connected as shown. The adder stages 1013, 1014 provide
respective signals h and k according to the table shown in
FIGURE 11.

From FIGURE 11 it is evident that for each of the
signals at the outputs h and k, during alternate sampling
intervals, a pure luminance signal occurs. These signals
h, k are supplied rspectively to interpolation filters 1015
and 1016. These filters, through division by two of the
sampling rate, processes the alternate samples having the
pure luminance signal and generate interstitial samples via
interpolation. Thereby two additional luminance signals
YD, YU are provided respectively responsive to the outputs
h and k. Correspondingly the chrominance signals from
outputs e' and f are additionally supplied to two
interpolation filters 1017, 1018 and are there converted in
the same manner into two further chrominance signald CD and
CU. It is evident that nov three luminance signals,

CLAI M5 1. Conb filter

: 9 3 nt | vgdeo signal; characterized by: first
24 26) coup1ed ojsai d S|gnal I nput termnal for concurrently
Ng-i-aeo si-gnal-s ﬁron1 t hree successive horizontal |ines
t ed top, n1dd|e h and bottomg. means (32) i ncluding
M~ ais-(28)

“responsive to said video signals fromsaid top,
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i nes. e 2.1 The conb filter apparatus set forth in claim
1 where n sai d input viddo signal inctiftes a chrom nance conponent

havi ng eaf+i-ef—et—Freqtency flerr] nodul ated wi th chrom nance

i nformati on and, har cterized in sai.d neaps including conbining
means al t er ARt%t %Jbgﬁﬁlngg sgpda$écéi? thrse CREAPIBARCS | HARRYS nes
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which is a ghbhi Plfedin3al 4.1 bRAUEPEY MhEfd lneans that these sibmalit com
filter apparatus set for 'h"i'n claim 2 for conb ltering a VI eo signal
i ncl udi ng aaE%r??Qﬁn ent on the vertical components present in

picture which are the difference between signals of
successive lines.

It is now determined, as a function of the
presence of vertical components, which of the three
luminance and chrominance signals available should be used
in further signal processing, picture display or recording
such that the best separation of luminance and chrominance
information is provided. As criterion for the selection,
the chrominance signals at the outputs e', f of the
subtraction stages 1006, 1007 are evaluated. These signals
are supplied to two subsampler stages 1019, 1020. These
subsampler stages effect through a division by two of the
sampling rate, an evaluation of the signals only during the
sampling intervals according to FIGURE 11, in which their
amplitudes e', f in the absence of vertical components are
zero, thus for example with the chrominance signal at the
output e', during the sampling intervals 2 and 4. The
amplitudes e! and f are evaluated in the stages 1019, 1020
and through filtering and rectification converted into two
voltages with the values A!' and B'. In the presence of
vertical components the amplitudes A' and B' are not zero
but rather increase corresponding to the amplitude of the
vertical components. These voltages are supplied to
comparator circuit 1021 and there compared with a threshold
value S. As a function of this comparison at the output
1022 a setting value originates which effects a selection
between the luminance signals and the chrominance signals
at the ocutputs in FIGURE 10 in such a way that, for
particular vertical components, an optimal separation takes
place. This éélection takes place according to the
following rule:

Result of case Qutput Output
comparison luminance chrominance
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axes ¥ &t0nd chroni nance conponents (1Q or W), said
appar tusggggégqégél eq by: sanpl i ng means coupled to said
sign nal for sanpling said video signal at a rate equa
a multilple of said cdarnier signal frequency and at I nterval s di sposed

THETEr r] quadrature nodul ated along first and

subst n‘TaTTy 45‘dégTees relative to-20- said first and second axes,

produce-video.signal

-+ sanpl es;

1. A' < §, B' < S Y2H C2H
2. A' > s, A' > B' YD CD
3. B' >S, B'" > A YU Ccu

According to case 1 the amplitudes A' and B!
depending on the vertical components lie below the
threshold value S. This means that in the signal no
significant vertical components are present. Then the
signals Y2H and C2H are used. If according to case 2, the
amplitude A' lies above the threshold value $ and also
above the amplitude B', the signals YD and CD are used.
Thus the signal from the output of the stage in which the
amplitude A' or B' is large, is analogously switched over
to the other stage. 1If according to case 3 the amplitude
B' lies above the threshold value $ and above the amplitude
A', the signals YU and CU are correspondingly used. With
low vertical components, thus small amplitudes A' and B',
the circuit operates, with the signals CU, CD, YU, YD not
being used.

Through the adaptation of the circuit to the
vertical components present in each instance, a
significantly better signal separation and an improved
picture display is achieved.

While the description provided hereby with
reference to the circuitry illustrated in FIGURES 2~11, has
been primarily in terms of PAL video samples, it will be
appreciated by those skilled in the art of video signal
processing, that the concepts are equaliy applicable to
NTSC video signals, and the claims should be considered in
this light.

second

to

to
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input video signal; characterized by:

first means (24,26) coupled to said signal input
terminal for concurrently providing video signals from
three successive horizontal lines designated top, middle
and bottom;

means (32) including combining means (28)
responsive to said video signals from said top, middle and
bottom lines for providing a comb filtered signal
representing said middle line, said comb filtered signal
including said video signal from said middle line
alternately combined at regular intervals less than a line
interval, with said video signals from said top, and bottom
lines.

2. The comb filter apparatus set forth in
claim 1 wherein said input video signal includes a
chrominance component having a carrier of frequency fc
modulated with chrominance information and characterized in
that said means including combining means alternately
combines said video signal from said middle lines with said
video signals from said top and bottom lines at a rate
which is a multipie of said frequency fc'

3. The comb filter apparatus set forth in claim
-2 for comb filtering a video signal including a carrier
signal of frequency fc quadrature modulated along first and
second axes by first and second chrominance components (I,Q
or UV), said apparatus characterized by:

sampling means coupled to said signal input
terminal for sampling said video signal at a rate equal to
a multiple of said carrier signal frequency and at
intervals disposed substantially 45 degrees relative to
said first and second axes, to produce video signal
samples;
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theretor. T 5‘ The conb filigs-apparatus set forth in Claim3
V\here"'rr-sa‘i—d':v‘r-dee---si:gﬂél conforns to PAL standards and said conb filter
apparatus is further characterized by: means coupled to said

signal input terni nalsdict fassr meang &s RMupled dio siaddakabpling first and
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sanpl es frodesigmated topd hdkddde hndebotitem; and
said means including combining means provides a
line alternating comb filtered video signal including said
video signal samples from said middle line alternatively

combined with said video signal samples from said top and
bottom lines.

4. The comb filter apparatus set forth in
Claim 3 characterized in that said means including
combining means also provides a sequence of samples
representing differences between said video signal samples
from said middlé line and alternate samples from said top
and bottom lines located between said video signal samples
contributing to said line alternating comb filtered video
signal;

means coupled to said signal input terminal for
generating a substitute video signal;

means responsive to said sequence of samples for
determining probable occurrences of errors in said line
alternating comb filtered video signal and substituting
said substitute video signal therefor.

. S. The comb filter apparatus set forth in
Claim 3 wherein said video signal conforms to PAL standards
and said comb filter apparatus is further characterized by:
means coupled to said signal input terminal for
generating a PAL switch signal having first and second
states indicating the relative phase of one of said
chrominance components; and
wherein said means inlcuding combining means is
responsive to said PAL switch signal for determining which
video signal samples from said top and bottom lines are
combined with video signal samples from said middle line.
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6. The comb filter apparatus set forth in
Claim 5 characterized in that said means including
combining means also provides a seguence of samples
representing differences between said video signal samples
from said middle line and alternate samples from said top
and bottom lines located between said video signal samples
contributing to said line alternating comb filtered video
signal;

means coupled to said signal input terminal for
generating a substitute video signal;

means responsive teo said sequence of samples for
determining probable occurrences of errors in said line
alternating comb filtered video signal and substituting
said substitute video signal therefor.

7. The comb filter apparatus set forth in
Claim 5 characterized in that said means including
combining means comprises:

first and second subtracter circuits having
respective minuend input terminals coupled to receive said
video signal samples from said middle line, having
respective subtrahend input terminals coupled to receive
said video signal samples from said bottom and top lines
respectively, and having respective output terminals;

a first multiplexer having first and second input

. terminals coupled to the output terminals of said first and
secohd subtracter circuits, having a control input terminal
and an output terminal for providing said line alternating
comd filtered signal;

a second multiplexer having second and first
input terminals coupled to the output terminals of said
first and second subtracter circuits, having a control
input terminal and an output terminal for providing said
sequence of samples;

' means, coupled for receiving said PAL switch
signal, for providing a control signal to the control input
terminals of said first and second multiplexers, said
control signal having a frequency equal to one half the
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Claim 4 characterized in that said means for determining
probable errors and substituting comprises:

means, coupled for receiving said line
alternating comb filtered video signal and said substitute
video signal, and responsive to a control signal for
proportionally combining said line alternating comb
filtered and substitute video signals;

means, coupled for receiving said sequence of
samples, for developing a first value representing a
vertical transition between lines from which samples for
the current comb filtered sample is derived;

means, coupled for receiving said sequence of
samples, for developing a second value representing a
horizontal transition occurring proximate the sample for
which the current comb filtered sample is produced; and

means, coupled for receiving said first and
second values, for providing said control signal
representing the ratio of one of said first and second
values divided by the sum of said first and second values;
and

means for'coupling_said control signal to said
means for proportionally combining. '

9. The comb filter apparatus set forth in
Claim 4 characterized in tht the means for determining
pProbable errors and substituting comprises:

means, coupled for receiving said line
alternating comb filtered video signal and said substitute
video signal, and responsive to a control signal for
proportionally combining said comb filtered and substitute
video signals;

means, coupled for receiving said sequence of
samples, for generating said control signal as a function
of the magnitude of samples of said sequence representing
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differences between the middle and bottom lines.

10. The comb filter apparatus set forth in claim
2 characterized in that said comb filter further includes
means for combining video signal from said middle line with
video signal from one of said top and bottom lines to
provide a further comb filtered signal representing said
middle line, and including means responsive to video signal
from said middle line and video signal from said one of
said top and bottom lines for selecting one of said comb
filtered signal and said further comb filtered signal as an
output comb filtered signal.

11. The comb filter apparatus set forth in claim
10 characterized in that said comb filter further includes
means for combining signal from said middle line and the
other of said one of said top and bottom lines to provide a
still further comb filtered signal representing said middle
line, and means responsive to video signal from said top,
middle and bottom lines for selecting one of said comb
filtered signal, said further comb filtered signal and said
still further comb filtered signal as an output signal.

12. The comb filter apparatus set forth in claim
io0 characterized by said means for combining video signal
from said middle line and said one of said top and bottom
lines to provide said further comb filtered signal,
provides combined samples of alternately available samples,

and includes interpolating means for generating intervening
samples.

13. The comb filter apparatus set forth in claim
11 characterized by said means responsive to video signal
from said top, middle and bottom lines for selecting one of
said comb filtered signal, said further comb filtered
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élatlve phase determned by the state of the PAL

MBI

substituU|rg conprlses ! i means, coupled for rec®i Ving sdid®line
al t er nat ifng-conbefibrered yi deo signal and said substitute V|deo si gnal ,
and respdh3|ve to a controh si gnal f o2& oportionally conbining said Iine
al ternating- conb-fittered and substitute video si gnal s; nmeans,

coupl ed for receiving said s ence of
P signal andgsa?d stfﬂf further comb filtered signal

includes:

first means for providing a first difference
signal representing the difference in amplitudes of video
signal from said top and middle lines;

second means for providing a second difference
signal representing the difference in amplitudes of video
signal from said middle and bottom lines;

means for providing a threshold value; and

means for comparing the first and second
difference signals and the threshold value, and selecting
said comb filtered signal if said first and second
difference signals are less than the threshold value,
selecting the further comb filtered signal if the first
difference signal is greater than both the second
difference signal and the threshold value, and selecting
the still further comb filtered signal if the second
difference signal is greater than both the first difference
signal and the threshold value.

14. The comb filter apparatus set forth in claim
1l characterized in that said means for concurrently
providing video signals from three successive horizontal
lines includes a first sampled data delay line for storing
samples at a predetermined rate, and a second sampled data
delay line having half the storage capacity as said first
sampied data delay line and opera;ed at half said
predetermined rate, and means for coupling said second

sampled data delay line to said first sampled data delay
line.
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S ing a first value representing a vertical transition

. i ch sanples for the current conb filtered sanple is
riiveg-g- @@ % ¢ feans, coupled for receiving said sequence of sanples,
T ide*e'-‘%ﬂ"’-’-r;% gegond val ue representing a horizontal transition

c kwhﬁg;ﬂﬁﬁﬁtﬂﬁﬁeéthe sanple for which the current conb filtered sanple
. produced; and i means, coupled for receiving said first and
setomvalues—+8F- grovi di ng said control signal representing the ratio of
one of said first and second val ues div%ged by the sumof said first and

second val ues; and means for~ gling said control signal to said
means for proportionally conbining. ABSTRACT 9. The conb filter
apparatus set forth in Caim4 characterized in tht the neans for

det er i ni ng probabl e error SIRFYITBESFPRUCONE ESHPERING: neans,

coupl ed for receiving sai d PAReAND NTSC VIDEO SIGNALS

Comb filter apparatus for comb filtering NTSC or
PAL video signals includes sampling circuitry (14,16,18) to
sample the video signal at 45 degrees relative to the I,Q
or U,V axes. The sampled signal is coupled to delay
circﬁitry (24,26) arranged to concurrently provide video
samples from three successive horizontal lines, designated
top, middle and bottonm. The video samples from the middle
line are combined (28,32) with samples alternately selected
from the top and bottom lines to provide a comb filtered
signal.

Figure 1
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% 10. The conb filter apparatus set forth in claim
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0. an s to provide a further conb filtered signa
representing said nlddle |l ine, and including neans responsive to video
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further conb filter signal jas an output conmb filtered signal.
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