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The invention relates to apparatus usable to effect time alignment of
correspondi ng signal sanples-fromb5 successTve-frames of non-standard
video signals in a nenory based video signal processing system .The quality

of video signals can be enhanceg %yz)SI @ffOﬁfC§§EH?§h§e filtering. In

this process incom ng baseband vi oned and added 10

na FOpor
to correspondi ng Slgna|SAftéﬁI§QRH¥KE§EEQQ@SR5€U§§§VEIH§§T§BQHa| which are

proportioned to suppl enentrhieNGefidit MorilcPe PAEES! fo apBSr:ELAs IR effRc?
| ar ge degr ee, E%redu?dant or. coherent fromfranesto-{rane and, thus,
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sumlinearly. chsessmwpoEtmmesﬂdﬁﬂmbmﬁsthndardevldégnshgm@ldfrhcéher

hand, tend to b C .an the sum of the
squares of the ﬁ%@QSthgg %'b ﬁggh%%%ﬂ%ﬁ%%?ggiﬁﬁuggggg&éct|ng noi se
reduction or alternativel ¥ QM§lJﬁ¥rﬂﬁS%lée° sxgpabSeqsnxbelmnhannedcby
perfor”1recurs'iﬁefbkbéébﬁgdfifébd¥§¥$53f¥1£8r£ﬁ 'nenStgag process

corresponding to the sane pixels ron1sucpess anes from

successi ve frané§°ﬁﬂ}nﬁe ﬁ&&?%ﬁﬂm? Q %&gﬁingPﬁﬁ Pﬁ@PQFﬁﬂﬁpqﬂ'ﬁﬂﬁaéﬂﬂed
'Sl'lh gnal . tsunzsot? eo;ieb&reebe’mf gld%ﬁl&lmbs pfﬁﬁmspréﬁﬁoﬁéaﬂ’gaﬁéfsl @ftdﬂieayvmeo

e nosS praC|ca evel opl n r e I gnal s t
sl e the of oSl P ATAMORGR: SR et S e BR- PRI RO nE, dAtci Ty Yiago
char ge transfersdgnads- offheo vidtecersigiel satpl adlargeatiegred) isdigital
rormt and storgehlifiadn® b3 cOMBE SR | Préin O dme-£8DEPERAC G520

Si ncefhe tolerance 0 e frang ay perjiod Is extrenely critica ythe
sanpl Tng rate i 5igBadl F-'?%@lsééktédlq 01 aPllﬁ:FFE@eP%ﬂFFl $Pd el s hLFemne

frequetncy 13he fEE:éﬂfE-—‘i%'—«'ﬁ%eS'Siﬁﬂuiﬁe@ﬁI sseﬁobseBéompbawﬁsg dttendant
respective sanptgétga nbr%ﬁor IWEe saggé g eg ﬁagé s%ng e&’ods after

t he sanpl es wer
non-coherent and sum as the square rqot of the sum of the

- squares of the respective pixel noise components, thus,
effecting noise reduction or alternatively signal~to-~noise

20 - improvement.

In order to perform recursive filtering it is
necessary to combine signals corresponding to the same
pixels from successive frames. Signal from successive
frames may be made available by applying the signal or the

25 signal sums to a delay element hav1ng a precise one-frame
period delay. The most practical method of developing the
frame-delayed signals is to sample the signals and store
them in a sampled data delay register, e.él,a charge
transfer device, or to convert the sampled signal to

30 digital format and store the digital samples in e.g. a~-
random access memory. Since the tolerance of the frame
delay period is extremely critical, the sampling rate is
usually selected to be an integer multiple of the frame

_ frequency. The frame delayed signal is accessed by

35 reading the respective samples from memory the same
multiple of sample periods after the samples were stored
in the memory.
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-2- Digital video processing systems may epnploy several sanpling systens;
|n;39e the sanpling clock is |ocked to t col or subcarrier, in another,
thé¥Sanpling clock is | ocked to horizontal synchronizing signals. This 5
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pr oduced from% réeousr e{b%ertr%g anol} \7’?@%% di,scrs@have Il ferlmr:: ti negBZsZs
due to instabilities dem:rer,an%p@rtan%thadaE%m% Yl@?@rsiggéllts An
varyi ng | uge

1]o|a gf}ﬁ‘f 4 idnd Inléfﬂ:?&' alflré?eeﬁb JﬁchYiéethéeéﬁsih%gbhe

S|gnal op a sanp rom_the sub Cal’l’i r.contained in

the jittering®Hipl Qforﬁﬂet¢R;9£nﬁ@b°6¥r%§ﬁpﬁEeEE?PSstb ha¥fe@Per i od
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signal s which | Jy. NTSC I h h
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integer 35  mudtiplbe @f os:komeogstes which are Y adaressed
' ' consecutively.

_ However, not all TV 51gnals which are compatible
for use in NTSC systems conform prec1se1y to the NTSC
20 standard format. For example, 51gnals produced from video
recorders and/or video discs have jittering time bases due
to instabilities in their tranSport mechanism.  The jitter
results in varying frame periods in the reproduced signal.
The system processing the signal will develop a sampling
25 signal from the subcarrier.contained in the jittering
_ signal so that the number of sample periods per frame
Fv’ period may also vary. In any case, experlence has shown
that in proce551ng many signals which are nomlnally NTSC
signals, the phase of the sampling clock relative to the
30 horizontal and verticai synchronizing signals varies from -
frame to frame. This phase variation tends to degrade the
performance of a recursive filter due to a reduction in
frame-to-frame video signal coherence because a precise
one frame period delay is not available as an integer
35 number of clock perlods.
In order to fuily realize the benef1c1a1
potential of a recursive filter, either the 1nput signals
or the delayed signals must be time-shifted so that both



In order to fully realize the beneficial potential of a'recursive filter, -~
either the input signals or the del ayeg.signals must be tine- shi-fted so
t hat both - 3 - signals have sanpl es that correspond to the same pi ct
points. This tine shifting is denoted "skew correction". Skew as defi ned '
herein i s shgnphashastef Sampriees hﬂiaibamﬁﬁesp&md)ltmg:lw samlpmgmaés and

the horizo ync I &ls o .gnal
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hori zont al frageibasoifha s:amz:ls ixsd gl ﬂhaﬁ di ffdreticé lvétwéds. th&ach

hori zontal Lin d ff.er. val ue exce he case of
a st andard® ig k 533??3?‘ %%%ﬁ@ }1 &g%é‘i g A %‘“{Eb’o&h%?eﬁ% ¥s a

si gnal i n maycbeemeagured mﬁalrdsp&cmamtm skast skyek pukséivhi ch may be
zero) and @@ ségbegy"i( @gue varies

bet ween ongcc‘):lr&%-:L ?P%%%es tca ﬂﬁ%%&[&%o;%’cag{s sl gha because of
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value (which may be zero) and a "non-standard signal" is
one in which the skew value varies between one or more
lihes. A "standard" PAL broadcast signal, because of its
20 25 Hz offset, is a non-standard signal as'herein“defined
The present invention includes a delay element
and video 51gnal processing c1rcu1try for proce551ng
incoming and delayed 51gnal In one embodlment of the
1nvent10n, apparatus is coupled to detect and alter skew:
25 of the incoming 51gnal so that the 1ncom1ng signal and the
delayed signals w111 have substantlally equal skew values
from line-to-line. In a further embodiment of the
invention, skew detection and correction apgaratuejis
"coupled to the output of the delay element to match the
30  skew of the delayed s:gnal to the skew of the 1ncom1ng SN

signal.

U

' In the accompanying'drawings:
FIGURE 1 is a timing diagram useful in
describing skew and the desired skew correction.
35 ' FIGURE 2A is a block diagram of a signal"
interpolation circuit for performing skew correction.



FIGURE 1is a t|n1ng di agram useful in describing skew and the desired skew
carrection. 35 FIGURE 2A is aHock di agram of a signal
i ntefpol ation circuit for perfornlng skew correction. -4- FIGURE 2B is a

tabl e of control val ues gﬁ§¢a; ?Pp %2%1fi U|3H§f FIGU%E éiﬁgghéggiﬂ%%RE

correspondi ng effective
3A is a bl ock Hoaghencokcskitwofe#IGUREY 23 @ tilter pom&tp‘ﬂrﬁﬁ@ 3Bis a

wavef orm di agr Chishin
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vi deo recursive fllters FﬁSBRﬁoBAtnﬁgasb@nakmdmagnam1qﬁnahenlnaaﬂurlng
The i nventgon &if&u?%r?esﬁhﬂb GUREL g@rrg_so 2 rggldqé” in e {%e . it

is applicable to anal 0g si processin
circuitry. Thed@F§RAPIRG éﬁﬁﬁtﬁenbef?ﬁmﬁaﬁ%quﬁﬁ A ofinepdt s ormat with

sanpl FS occurri ggt at a fmcukssea a@uodts f]a'i:e batdmardlaijrdatn@ eafl allltteSrodiee €S
are al so assune nverte r.om o digital [form under
control of a CFBBR F‘Sﬂgﬁ o?ny}%eopﬁgggrs&&ge?ﬁot%% FPARATET i HheV |

t he drawngs; bonaécamonwappatamusnnecting circuit elenents are.
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. Referring o FIGURE 1 e wave represents ortion
hori zontal |indigitad glrpu¢¢manc@qmqyﬁg. Nﬁuﬂﬁuﬂpni1Qﬁbﬂﬂnﬁ@x#ﬂ%ﬂ°g

- synchroni zi ng B!gﬁﬁl( B%eet.-,asn\gawqw F&leofa @rcﬂ':aﬂﬂje g@wn to

. scale). 25 forns B ang sent I|r1.‘1§-1:é #R cIoIi vef or ns.
' The pul ses of %VEP&FWB aff ea§§- t >ilﬁ) Pargl ?'Vﬁ}?%‘ét a
g sutﬁﬁr rier | ocmﬂaeyocbmmcmetm csampateamdwchmmgalat WDLﬁohmcl:imes Redlor
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cpotier vRK. ) CuBBAELEET SaRll” 3 Sankldd e Had SR iyl 00
successi ve frabeeni convertiedutfrom analog to digital form under control
of a clock signal, ¢S, phase locked to the color
subcarrier. In the drawings, broad arrows interconnecting
circuit elements are parallel-bit busses. Narrow arrowvs
20 are single conductor connections.
Referring to FIGURE 1, the waveform A represents
a portion of one horizontal line of, e.g. luminance
signal, including the horizontal synchronizing pulse (note
the waveforms of FIGURE 1 are not drawn to scale).
25  Waveforms B and C represent sampling (system) clock
waveforms. The pulses of waveform B are assumed to occur
% '~ at the points in time that a subcarrier locked clock,
locked to a standard signal, would occur. Put another
way, if ﬁaveform A corresponds to line n of a stationary
30 image, then waveform B represents the desired sampling -
(system) clock for each successive frame, i.e. without
skew. Alternatively, a clock signal having constant skew
may be used. In either of these systems, the sampling
clock pulse r always occurs at the same point in time
35 relative to the HSYNC pulse. This point in time is
represented by the sample S2 on waveform A. Waveform C
represents a subcarrier locked clock which exhibits a
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skew. Alternatively, a clock signal having constant skew may be used. In .

ei ther of these systens, the sanpling ©dock pul se r always octcurs at fthe_.' -
same point in tinme 35 relative to the HSYNC pul se. This point in ti me e

represented by the sanple S2 on waveform A. Waveform C represents a
subcarri er%&%ﬁ&d °c‘f|5 @%"{Nhi dhe mmbexs of Pulies cesf L5rme, PeBEoduber of

Ful ses pe][ cbhtar ned iicnlzl m&ﬁﬁgcﬁlmwﬂ%@ &mﬁggt fgfgm\(/:\gnlsteaglt 0fcrkom
anme-to-fr, : n , the diffgrenge in, tpe nunber of who _
pLIses in gég&&ﬁ?%&iﬁ%ﬂ?&mul?ﬁ?%ﬁi§¥béﬁp?ﬁgﬁ£$ﬁﬁgﬂ?3nkPn§h?nPEWPﬁFs. The
sanpl i ng pké&s¥hedeoclciePuldes in sa af fame t penibdd poahi behabsarbf_.ackn

eriodg ho e',agﬁﬁ 14 ect ) | he_s es -
Fhenselsves\&?(;% (&))r]f K ergr:r%} INng C éo'ck @?egﬁ%%@&réﬁﬁgg s%rgﬁr'?ggﬂ’in_ is to
adj ust the¥safh ds1@ fraghianah rertien WL aelecki Bexbodhahovavesnd] ust ed
sanpl es Copby Bnly PURIGIrddedd Wy Sbdrat Pk NoRYtRe ChpE14Lt N zero skew or
wth sonme nst%@&_skemp For, exanpl e, the sanpl e values_geneygted by the
cl ock sign%&egﬁ P IR fehe | RSk eslgnaly appr oxi mate 15
corr espondi ng sanpleowﬁlMﬁdedﬂoiwfdfkéﬁtiﬁmei§t$d'Qa%égg;ﬁhecga%p?aal of
wavef qrym B he _figur.e. .. se ' of. veform C.I.s asguned to
co\r/reggondVtacl%'q']l(‘:'lltso%21 pﬁ%ﬁs@?’cﬂofmgf%?%%._s? %ﬁg g{l?.sﬁdpf‘s%?aa_dvanced in
time or skeamplies cenfiaan to sarplescthaervould e tekénrbgpactlbokcl ock
20 pul sewith Gledtk P oF RN GHECdn Ssi@wie Phy DeahpiR) Y. clock

w th_cloc gen

ul se r' should occur caincident pul'se 1 and he sanple
\F/)al ue S2. Sempd & yalues genexated dvictenclofknhsignak ofiise r' with a

sanpl e havwageZotrtl € nR3P B 48 8 te @It echPal &P §gp§5§§ﬁgi¥ely_advanceié)
the t ng of the signal taken with the sanmpling_clock signal C so that P
mt chd8  ESSEERRORAIE, SAR TR RALueR CHRRE et Ha e generatefchy S B8l i ng
cl ock si gneloBkbedgnaledf MWeveformesB of Imethepfigerent ciooRr! pa1gayrbe 30
Calcu'atedo&ywﬁ%@@aTMEEJfELaéghﬁEéLigtéég&égpégg 26°%ock pulse r of
waveform B. ' Clock pulse r' is advanced in time or skewed
by one-half of one clock period, TS,'with respect to clock
20 pulse r. Clock pulse r' generates a sample value S1.
Desirably, - clock pulse r' should occur coincident with
clock pulse r and generate the sample value S2.
Replacing the sample taken coincident with clock
pulse r' with a sample having a value apprbximately equal
25 to s2 effectively advances.the timing of the signal taken
'with the sampling clock signal C so that it matches the
signal which would have been taken had the zero-skew -
sampling clock signal B been used. #" .
The values of the replacement samples may be
30 calculated by interpolating, as a function of the skew = - s
' value, successive sample values taken coincident with the
clock pulses of waveform C. Simply stated, the
interpolator calculates a replacementfsémple by scaling a
given sample by a fraction 1-K (where the skew equals the
35 fraction K times the sampling clock périod TS) scaling the
next subsequent sample by a value, K, and adding the two
scaled samples. The replacement samples provided by this
simple interpolator have values approximating the values
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val ue, successive sanpl e val ues taken coi nci dent ‘with the clock pul ses of
wayeform C. Sinply stated, the interpo|at agrétal cul ates a repl acenent sanple
b@/ﬁal ing a given sanple by a fraction 1-K (where the skew equals the 35

f K
sampl e by a vaPle SSRPIAT: CARR ot % AL "SR cuhat s pTavenehY
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by KTS 5 rel at irg aftd vieh@3e vhdsd Igd %1_-@ fzgx{ﬂ?ver this sinple '
cl oCKk, si

i nterpolator is satisfactory only |f t gnal_ has a_frequency that

is an order of magnitude &% (Hhis (Simpl g rinterpelakdeyisn t he
- processed si gnstauslfarcmyle:ﬁllprm tiie clbaecsﬁg:mlﬁaéladlﬂﬂeqaéﬁbﬁ tRAES

of [err] r oxi rovi d this ilnter or. W general ly
be unsatlsfact gF %Flo &nlnﬁo feesg%??tcﬁ tfrl§/aq o& g‘F’c?FF%? ng sanple
repl acenent valfm'equmlqyem dqd:eefﬁmwme&myghallss Ett agonveptioral upon
t he skew yal ue h a?,[ga d am;ﬁ y Se) nbodi nent of
the skew ggrreg?':cdotr? %01 I on g%ﬁhr%c ?ofnétlE%.J r% s¢’ Pﬁh% GURES 4 and
5. The skew vaPp&oximatheons provided &y e'smﬁnmtepMatm wildh clock or
sanpl e peri od, ggfnetﬁq_lq.l fljeerlﬁ{gaau?@facwy\een the time of the last clock

pul se, of e Sccur rence ihle Tesh Balel sanpl e cocuring Lovediatel
the center of sampler rzpliadensntc hralnies ngo plevelop-os £ Pecpbeessdgnal
P F QR R MR i ik e e L oEnf Bl 868 DPTLO0
skem/dependentcﬂnc&rpomhmanclrcultry is one embodiment of the skew
correction portion of the invention illustrated in FIGURES
4 and 5. Thé skew value is a measure, in, for example,
fractions of a clock or sample period, of the difference
20 between the time of the last clock pulse, or the
occurrence of the last signal sample occurring immediately
before the center of the horizontal synchronizing pulse,
and the time of the center of the horizontal synchronizing
pulse. For purposes of explanation, the measure of skew
25 will be in elghths of a clock period.
In FIGURE 2A, the circuitry c1rcumscr1bed by the
N broken line 12 performs a skew dependent 1nterpolatlon
This circuitry, however, exhibits an amplltude roll-off at

. higher frequencies. Circuit element 30 develops a
. 30 frequency dependent signal which is added to the sample~
values produced by the circuitry 12 to compensate for the
high frequency roll-off. Compensating signal developed by
. circuit element 30 is scaled by a factor, Q, which is
dependent on the inherent gain of the element 30 and on
35 the applied skew correction.
vVideo signal samples 1nc1ud1ng horizontal
synchronizing components are applied to input port 10 and
coupled to the skew detector 27. The sampling or system



This circuitry, however, exhibits an anplitude rol | -of f "at hi gher
frequencies. Grcuit elenent 30 devel ey~ a 30 frequency dépendent si gng
which is added to the sanple val ues produced by the circuitry 12 to =y
conpensate for the high frequency roll-off. Conpensating signal devel oped
by circuitckbekent 30155a§6@IG@uw¢eﬂftnnskewcgeWGEtﬂr|z7ddpsﬂment on the
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measur es g ew_corres ori.zon I ne of video signa
Detectg pi Gi fEacti §%b%e$3%3 331 %Fﬁnnary nunber, that
corresponds to the nier skew &aludbIpnbducﬁdlhyldkie¢mmm zheaskeM/offset.
The skew v r edu I t I nput

~port 26 of %gigegnlg %%D%#%é%c%%%a%s%gd%ég% @fd@&gég% val ues
produces s¢BPMdg2Bact BOM &8 responsigeiticithe skew pealuem|praducesppl i ed
to scali ngsemﬂgt Fattorkd KN4 ORI F: ﬁ'ﬁf@' TP g{ew 0. The

respective scale factors qorrespondlng to e possi | ues: are
enunet@t ed@PR1LRE Topscading Qimeuwid ¥§M¢Qﬁﬂ°QﬁP¢¢ﬁ§$ﬁ%@ §igealsanpl e

on i nput pQéhei'thS: 30up! aghel Q-etdiﬁacagaie fﬁ?:éilé Cﬁétéﬂs wﬁ@ffegpbﬁdiﬁ 15

wei ghted b Qﬁ val ue ., %ﬁ r.evi ous_ sa Vi a ggé elenent

16 havi ng Fosthen BptBikile: s yHIRAR Shf eRuterafed s tnd LY fs

circuit 18FLGBYREi @Bi.t mhamauynanttqrtincamﬂnge?ﬂdé@ séﬁpﬂemoghinﬁuturrent

and previ angl V. 04 t pu

sampi ¢ [erPpes: Te, 18, SRR o fl) LA O fu 8 e ARy BYLPUL

val uetSoccHeighged: byathe valve { erFhe &R’ﬁ‘{-‘eﬂﬂ? samphe; | delgyed

Referring {9aFaey %le&rfedﬁﬁé‘fﬁﬁl 7D ihp et & fi form
85 g P $ﬁhé%%é&5t8 iMpue

port 10, is applied to scaling circuit 18 wherein it is
weighted by the value (1-K). The weighted current and
previous samples are summed in adder 20 which dévelops an
20 output sample s glven by |
| Sg = Spg(Res1-k) (1)
-where sr+1 and Sr represent the sample values occurring at
~sampling points r+1! and r' respectively. Referring to
FIGURE 1, if the skew is zero, i.e. the pulses of waveform
25 C are coincident with those of waveform B so that pulse r'
is coincident with pulse r, then K equals zero and S
as desired. In general, if the skew is an 1ntegral
' multlple (X, o<x<7) of eighths of a sample nerlod ‘then
_ S so X/8 sr+1+(8 X)/8 S, o (2) _
30 The effective signal delays E generated at the output of *
adder 20 for X equal to 0, 1, 2.. 7 are listed under the
‘heading DELAY ED in FIGURE 2B. It is noted that as the
value of K increases, the effective signal delay imparted
to the signal decreases.

o r U



25 -C-are coincident’ with those of waveformB so that pulser is

cofn ident with pulse r, then K equals zerg-and [err] as desired. In

ge al, if the skewis an integral nultiple (X [err]) of eighths of a
sanpl e perlod then [err] 30 The effective signal delays [err] generated
.at the output of adder Zfhd wutperiuaf a4ddér 20 2s.cdupled! tst edeundiputt he

headi ng - DELAY th I K

I ncr eases, theoligf etFI% \%ﬁé%nal %%I%%ﬁ%aﬁ?%ggé gs%%yg?ggﬁ#eﬁg%?eas&?
The ogtguf ofthﬁn Input;tnngddgrtbéon@ coppledftadtbe @utpytaobneheanple
perio el-a d

out put of t%eQ%o ensatlng Sléﬁ§¥i%ﬁéégéféf %g e;%ﬂé t§t§PU ﬁﬂfiodkﬁﬁgs
gener at ed Sat  GenSHALRA F hRiQuiputef| adden 24 are l%@ﬁ?ﬁn%ﬂ Eb?unn of

the table 'n|3f§ﬂﬂhd§iféﬁlﬂﬁﬁfdﬁftﬁvstéﬁfé/ﬂﬁ'FF@URﬁbﬁBeféﬁttﬂa ghenaus
generator 30 v@ué¥1| defined by the transfer function Qtinmes [err] 10
¥

I n ponvention Srmnotation, is a sanpled data filter which has a
cosi nusoi dal frequencylﬁbnptnnatﬂﬁ@ $ignaknggnerabonse0hwhiohl ispoi nts at

zero Hertz an%ﬁaér%rlign& H@ Q‘t'rm;_. fhfuﬁ@'gﬂ:hng {:{rﬁggegciq_zl:mr ezanges

the first maxi re guiiency response occ roxi mat e
4.77 NMHz Mhen in ctanverntionshcg transfermipotatiend. 1SThengDEpdddla§-§t of

the filter is g Eﬁ%al t#?%tcnéﬁf%“?%sfﬁhééz&&ﬂpfﬁég@éﬁ&?efebﬁbﬁéE0|a&ﬁé 12

and adder 24 so the ¢circurt 1 ncludihg I nterpol ator
12 is equal tERGRIGPIUFeFRNBSSih #/ | R}l 3porpts aﬁeﬁemtﬁﬁﬁgpaﬁaﬂ F%ii i s

condi tioned t qmiip Xids aoﬁllgi@f ﬂ@éas'axﬁiali'ﬁéZfréQuéﬁBytm Foi:hExaﬂiptLet,ude
response of t3§100 eqfatl grator 30 is_ increasin

r eydency ran Bﬁggeﬂ?ytﬁssggnselﬂf@gﬁﬁlSt 12 is
rolling afs. aphioxﬁmata&yi4wﬂ2ﬁMHmewhenpenehbchgfsegnahcyaafng4aﬁ MHz

I ncreasi ng am@étdgka. The group delay of the filter is 3TS/2. Delay
element 22 is coupled between interpolator 12 and adder 24
so that the total delay of the circuit including
interpolator 12 is equal to the group delay of filter 30

20 when interpolator 12 is conditioned to provide a signal
delay of TS/2. '

In general, the amplitudé response of the -
compensating signal generator 30 is increasing in the
frequency range where the amplitude response of the

25 interpolator 12 is rolling.off. Adding a portion of the
compensating signal having an increasing amplitude
response (with frequency) to the output signal from the .
interpolator 12 having a decreasing amplitude response
produces a signal with a relatively flat frequency

30 response. The roll off of interpolator 12 changes with®

" the value of the scale factors K. Thus, as the roll off
changes, the amount of signal required to compensate for
the roll off must be changed. 'Theoretically, it has been
determined that, for the indicated transfer function of

35 compensating signal generator 30, the factors, Q, listed
in the table of FIGURE 2B, corresponding to the
respective scale factors, K, will condition the signal
output from adder 24 to exhibit a relatively flat



response (with frequency) to the output signal fromthe interpolator 12

" having a decreasing anplitude response=@oduces a signal with a relatively_
flat frequency 30 response. The roll off of interpolator 12 changes wiTh ¢
the val.ue of the-scale factors K. Thus, as the roll off_ changes, the anount

of signal rEHEAREACYorEERABASAFETPES (Hhe TRaqusmCInkANG ©QHBiRAY DY

Theoretical te vidaaSSQgﬁaléetfomeq@dtwLe f1de frvh Heded Mgt ,
function of 35 Tgensatlag signal generator 3 the factors, Qlisted in
S

the tabl e onﬁlﬁﬁﬁE BPeL4PASsponding to the respective scale factors, K,
will condition the siBIGUREUBAUL 1lneoracde éhlexempmuﬁytskewelatlvely flat
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circuit which includes_a functionall ¥‘3|n1 ar s em/J% tector pe DPU

2532 Def| ect¥Bf p?Hc@??é’r DSI#IJ-P%P% FOCREKAY - Mtat"%ésl-ﬁﬁq@c’é# efe
dat a book "&tgpageB0@7NTICo¥0 theDdaae bovd "Iiyi i Zo@INTSE Syst ent’ editi on

1985/ 5, of 1T lntepneta Frei b Ger,many FI vi de nput
S|gnaI1$ a%'P$$8 %SaPh§£§}n®1§&%§aaP%y cﬁ#iﬁﬁﬁﬁiﬁgéé%#l ﬂ f#tontal
synchroni zi Iptermptadit,, FHeleEgebemGanManxﬂles this 15 signal to the

| ow pass filter 318. Al KA he
synchroni zi ng signal %.Ii’lid pro ucfgs Pﬁg%%ﬂﬁ%ﬁ%rﬂ é;%)f %nY'% t he
accunul at or'tBe4symRe sppPRXadodt 308 %ﬂhﬂsqgﬁﬂiiﬁﬁﬂthenhﬂmﬂ%@nﬁ%&Ioms The
skew det ect synaﬁrohaﬁhn@es;oﬁp%@ﬁter B1¢Hd e £ Chd Sagp PLdedepysthe
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T, of the h_ﬁeaaaesablgmqhmsa g ek EyRthidhi 25eg el gl and .
- produces the signal FH which is applied to the accumulator
314. The period of the signal FH is determined as |
follows. The skew detector 27' includes a counter 310
20 which is clocked by the sampling clock, ¢S (assumed to be
at a rate of four times subcarrier, e.g. 4fsc) and reset
by a comparator 312 when the count equals the period, T,
of the horizontal synchronlzlng component FH. Accumulator
314 measures the time dlfference between the center of
25 pulse FH and the occurrence of a master sync. pulse MS
provided by a decoder 320 coupled to the output of counter
310 when the count produced by counter 310 reaches a -/
predetermined value. ThlS time dlfference gor error)
signal is scaled so as to represent the error in terms of
30 cycles (and fractional cycles) of the sampllng clock <The"
scale factor is proportional to -the reciprocal of tw1ce
the amplitude of signal FH at the time of occurrence of
signal MS. The scaled error signal is low-pass filtered
in filter 319 and added in adder 316 to the number 910
35 which equals the number of 4f__ sampling clock periods in
one line of an NTSC standard signal. Adder 316 develops
the period indicating signal, T, which controls the
threshold of comparator 312 thereby locklng counter 310 to



314 neasures the time difference between the center of 25 pul se FH and

thg%%ccurrence of* a master sync pul se M5 prgyd ded by a decoder 320 coupl ed
e output of counter 310 when the count produced by counter 310 reaches

a predeterm ned value. This tinme difference (or error) signal- is scaled so

as to representhehhogtizohtal syeldfiroizithg comp@serd sl (tReiviaed £MpLES)
of the sanplin Iogk The, scale factor is proportional to the reciprocal
of twice the agﬁ de of signal FH at the tine of occurrence of signal M.

The scal ed error signal M&eﬁownmmatandanﬂexhgnalsIaxﬁ e pweld adtlee | N

adder 316.to t ¢ | n
cl ock peri ods P%rg‘ﬁgo%lfn%%%%’ ﬁ\?@c%t lc?é SI gnMaﬁ{ %ﬁ%ﬁ%eve o%)% °
t he peri od5i ndteathgg skeynIf the\ﬂﬂNﬂikﬂQﬂ¢lﬂ@kt$k9ﬂ¢#<ﬁ#ﬁht5cﬂe%@htarator

312 thereby |0§Eb&&s@0%%%élgltd) onl Kourite f10Ed @&cﬁé@C@f‘Oﬂhé' ng
conmponent of the video inpu en non-standayd_signals are

recei ved, the FSeMPIING Wherens the peried e HYDequal 5
to the skew of pullsesaFyl may dJnm}uﬁ ghafiractives ¢Lsonéd Scm@lauspcreunt er 310

of The sync LB%@%%%%&%# 2, i FRARY ofF OF PR e Qe BT e

mss-t 1(Zar syith Ipurl:i::e h@mllﬂ_t odh@oandreh\3 Ik cidkli repd.0 w11heommton11(<ca‘hnt er 310
, too, wi agﬁﬁ

\I/vi Il al so be |%%§r eQ-n ga@gﬁ{e géflaﬁéiﬁ'&% é:{&n]g oc{@s 3 qﬁggscal ed

out put of accu#ﬁl&FGPIB Wﬁﬁ ﬂﬂQﬂ?ﬁrRﬁtEh?t#ﬁmEﬁkﬁﬂeﬁlQﬁ b%%%ﬁse Thei s

synchroni zed bhdaqlewdtﬁguﬁ of accumulatdXS3W&LrwDIF & £o IBAETE/E BMet he
| at.ch 322 and t adder

Skem/ it, will is,.th
di f¥dr once bet FEEY EFGOF 8 PR oRT S T PTSE W60 cycl o
as shown 08 FIGURE 1. 1f Skew emmsr&:[té hietedeed bypetlnd latcheBR22dand

i ndicating sioggle Jdder 323 .20 sk’ 'HElwiPbé T rdEP1 1LECH 9NBhe PRLHeO!

S|gnal T is not
‘difference between clock and sync expressed in fractions

of a clock cycle as shown in FIGURE 1. 1If it is assumed
‘that the value of the period indicating signal, T, is

20 correct, and if the fractional part of signal T is not
Zerq, then line-to-line changes in the skew will occur.
As an ekample, if the period of signal FH is exéctly 910.1
~clock cycles long, then the sampling clock 0g will precess
with respect to sync (FH) at the rate of exactly 0.1 clock

25 cycles'per line. Thus, if -the skew is zero at the start
of line 1, it will be 0.1 at the start of line 2, 0.2 at
the start of line 3 and so on. Skew data is generated by
means of adder 324 which adds the skew of the previous
line (stored in latch 322) to the period signal T. The

30  fractional part of the sum is then stored in latch 322~
which functions as an accumulator for generating the skew
data. The fractional part of the sum in latch 322 is the
skew value output signal used to control the skew
correction circuitry. The integer part of the signal from

35  adder 324, is applied to comparator 312 for adjusting the
period of counter 310. '

Skew detection is based on the assumption that

_the period indicating signal T correctly represented the



zero, then line-to-line changes in the skew wi |l occur. As an exanple, ifc
the period of signal FH is exactly 910.fh<l ock cycles |long, then the x;‘
sanpling clock [err] will precess with respect to sync (FH) at the rate 8?4
exactly 0.1 clock 25 cycles per line. Thus, if the skewis zero at the:
start of |peeidd iof whed <hieldh lirmgut hseigriak cﬂr¢mrmh€ pPediatist he start: of
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counter 31 Sk detept s_ based on t ssunptlon that the period
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i nput signal . Fronltmmqnmuﬂannrcﬁlﬁnpmnvmdesmphasn measuseméntsatounul at or
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essenflbal | meaSuresedhe aareds: of cpulss FHlewkichi pheéckedr éAred L)reandl) and
Lol o i) ELOY jAaIeIEler I vavdboraBY bandene by
may be done by setting -the accumulator value initially to
zero with the leading transition of pulse FH, and
 decrementing the count in the accumulator in proportion to
20 the magnitude of pulse FH at each clock cycle (vertical
tic marks) which preceeds pulse MS. The count in the
accumulator is then incremented in proportion to the
amplitude of pulse FH at each clock cycle after pulse MS.
The trailing edge of pulse FH halts operation of the
25 accumulator. If pulse MS is exactly aligned with the
center of pulse FH (as shown) then areas 1 and 2 will be
equal and the accumulator output will be zero indicating
zero skew. If pulse MS preceeds the center ,of pulse FH,
then the areas will differ (as shown in waveforms C and D)
30 and the accumulator output will be proportional to twice
the double cross-hatched area illustrated. This area
represents the time difference between pulse MS and the
true center of the horizontal sync pulse FH. One may th2n
scale the accumulator output to express the result in
35 terms of sampling clock cycles (and fractions thereof)..
FIGURE 4 is a first embodiment of a video
recursive filter including skew correction for processing
non-standard signals according to the invention. The




zero W th-the | eadi ng transition of pulse FH, and decrenenting the count in
.thl-accunulator i'n proportion to 20 the.gegnitude of pulse FH at each

‘alock cycle (vertical tic marks) which preceeds pulse Ms. The count in the
accunul ator is then increnented in proportion to the anplitude of pulse FH

Cher oo o QLEESES emeerclEeuioripad by b ken Hine AP LA
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?ﬁcurrul at or f ouI':pud:i:z\d:hitlrolézzev:bdéods:'tgnamg areo appdded ftoponee iMputr exeds
e centerof pul, _ 3 ' Lifse S ' C

and D 30 - apiibsacseb ER ¢ S16R31Y Me1Syedhyl her Hidhel Baited Folh
doubl e crdss- hdetagdekenent| bOsarat aoPlizHi $oakesecopdedapud ofe tine
difference betygeprputes M. angdighelt 44¢reeeheesoifrohe si®rirdeted 40/ fre
pul se FH. One nmay_then scal e.the accumul ator outpyt to express the result
in 35 terns_%PP§h IFﬁg?EFBER9c9&F531Faﬁg # FPGn§%Fh§Fé§FFeQQQ§J%?QLis
?o]; I L ff) anbo.dl %ﬂleé{bﬁldal geepbec?rﬁhiehf st Qﬁrpiilaﬁﬁ.ll@'i NesskaNagproract i on
essi ng_,non; standard.si gpal s_agcordi_ng.to t.he . inyenti he -12-
circuit el erren?gag?'Pguﬁ%EprgdggymPKe Br Sggﬁ%lli"r?e 15’2'%Q§e?gcatf}§ 2 @
filter }‘.pl?jusanaythesirafnﬁieddasi defuncgiions ofl imaigec motiodh oxi @so &i gnal s
- are applied to k QRUL £0 u e ' e [
peri od trom 5 tOAEFSACPE the"BEbEEE R fodsl IS SAgHAC e e, | Mmae
subtracter 44.Thegaerledf daféasencepoarsusorpdied tos onee ipput &f tadde%) i ng

circuit 46 “heéﬁiHn&haeﬂhgéarSﬂ@ﬁ&lafgpﬁp@b&%ybklémkﬁ&l@m d svicilplied to
typically | ess than oge“ callgg.ghrCU|% 468EE¥.be adaptjve in that the
factérs a 10 anB§cBBAyAPPEE 95 398K ERon Gy ﬁﬁ%dﬂ??ﬁ RSP function .
of tlheddtensee ﬁ_édﬁee&esﬁ.gggmewhﬁ.ghaﬁ.so!:ohnptlled Tee thealieputi fderdeless are
coupl e 0 one_input. ot .a 48 del. signal 0 Y,
is coupled to 5i§§881ﬁdgpnp’u&i‘8f Ogggglt %&@ﬁ%iddesg\'48f%d;mo§lﬁ:!§ésiarﬁoafs%mﬂvgg
by the equation: :
_ sA = aSI+(1-a)sD (3)
where S; and Sp represent the amplitudes of the incoming
20 and delayed signals respectively. Signal Sp corresponds
to the value of signal Sp from the previous image period.
1f the signals SI and SD are both baseband video signals
(i.e. luminance signals, color difference signals or
primary color signals) and there is no image motion, the
25 signal component of-sD will equal the signal. component of

S

U A apd SI‘

'wWhen this condition is satisfied, equation 3 may
‘be expanded by substituting signal Sa for signal Sp-
: - Assuming this is done, and like terms collected, it will
'30 be seen that the signal component of-sA is equal to the"
signal component of the incoming signal Sp- The RMS value
of the noise component of the output signal converges to
the RMS value of the incoming noise component scaled
- by the factor Ja/(2-a), where typically asl.

35 - o To utilize the circuitry 42 the incoming signals
. must have a constant (or zero) skew value from image
>__period?to-image.period. A skew corrector, 38, such as the

“circuitry illustrated in FIGURE 2A, is coupled in series



15 . reduced signal which is coupled to the input of delay el enent 50.. The

output signal, [err] fromadder 48 is giygn by the equation Terr] wher &% :
[err] and [err] represent the anplitudes of 'the incom ng 20 and delayeﬁé‘a"
signals respectively. Signal SD corresponds to the value of signal SA from
t he previ ousriitiagsheparipark pdrt Mfssmarscﬁeram ShsRew borpebasebasd vi deo

oi onal o) hngoqells R AL CObTed) L REDCGe S0 B0 as cRERETERCCD
wi Il equal ﬁh@R&QﬁuﬂO(hﬁﬁﬁwﬁwﬂonﬁténtr?kandvﬁbue]rdﬁenenQEd tondition is
satisfied, oQuidrPMatulitVadassPrpsed Dy éHQ?ﬁ?&’dibﬂgwitﬂ“?kF?RgoéAs' gnal

[err] Assuming this is done, and llke terms | ect ed be seen
that thé signal conpongHt Jtﬂp‘f"'erﬂg’i‘% cBEmPles ahcbuFg A8l aEBnBdReNt of the

i ncorr} ng si @mipl[e? rtloh a f‘ﬂcﬂﬁidﬁé@ﬂoﬁ#b% mesgygeeaoaenhaﬁbl&thg Oult pgt o
si gna conver o the val ue o n onpgonent _scal ed by
the factor f whsre 1S i%ﬁlﬁp?% ?% g% hd"skew' 8e%?8%8F|ﬁBZe §§8
circuitry 4Zeﬂertanx4ﬂrmpasqxeesthesskeuvefathensampllhgrciech)¢§kew'value
from i mge ] S S

clrout try | e 4 e At Phone £ SEHCRELRTEL 8], pifseERLBTpRRY | | |

i nput gért ém e rinput smsne&ean@oapnbtes theaskept valugst toi gkew sanpl es
at bus 36 angaddidd FB. t hPhéagRbwsvhPubays me88lEbANEoEkRYWcHAl Ue

ol ences Do Sy P LAY BeT4, LOSFane IOk BRE, Sheliechive Yin 10"
The system dmtsanpl ng (:Imcdsn aftelnatiwesargangement? hbnzanaclet ect or
Lo the hori MG EARTS HSTaee Relies FEPR.8 00 o PrbenacPREALe gnal
and ap@dl5 es madie bek aapphied sdiveskiy tor thet skeg8det@btoskdd ial péam '
measured for,£aGhyut 36 so that skew detector 40 need not contain the
requisite circuitry to extract the synchronizing pulses
from the input signal.) _
| ' In conventional television receivers, the
20 processed signals are displayed_using a deflection-system
that is phase locked to the horizontal synchronizing
signal components of the input signal. The skew
correction applied to the signals coupled to the recursive
filter tends to misalign the image data relative to the
25 input synchronizing pulses .and the system clock. Thus, a
second skew corrector is required to realign the processed
(noise reduced) signals for display by a;@eflectioh system
that is phase locked to the horizontal.synthonizing
signal components of the incoming signals. The second
30 skew_corrector;.sz, is coupled to the output of adder 48 -
and receives skew data from skeW'deteetor.eo. The output
signal, OUT, from skew corrector 52 has the same signal
skew as the incoming signal at bus 36.
_ . The second skew corrector, 52, may be similar to
35 the first skew corrector 38. However, skew corrector 52
must be arranged to perform a complementary signal delay
relative to: skew corrector 38. By complementary 51gna1
delay is meant that if skew corrector 38 effectively



hori zontal - line and held constant for the respective line interval. (In an
-al #ernative arrangenent, horizontal synchrofijzi ng pul ses, Hsync, frome.g.
a>§§ﬁc separator 15. may be.applied directly to the skew detector 40 in

pl ace of input 36 so that skew detector 40 need not contain the requisite
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35 the fl0 st Skefraorskew cddetactoriodRvare thewcompiementss52fntibe skew
arranged to perg%fs f‘é@nﬁé‘ré/ké\bg@@fréﬁjta}é ?gl ative to skew corrector

38. By conplenentary Si del ay 1's meant Skew corregtor 38
effectively 14-" del ayﬁ?% thahatheeffegtnof, the sambingtigrprd &?ﬁ od,
thentskew ?OFFQQ&@FSIE&I s&wtslcwpylw fqﬁdes&eehl ‘tﬁedﬁkéteﬁée@ 2&1 1s
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corrector 52 nay
sh1ft can be absorbed in the overscan of the display tube

. and w1ll not be at all noticeable.
- FIGURE 5 illustrates a second embodlment of a
20 . video recursive filter for processing non-standard signals
wherein only a single skew corrector is required. 1In
_FIGURE'S, skew correction is performed on the delayed
‘'signal from the delay element. The delayed signal is skew
"altered to have a skew similar to the skew of the incoming
25 signal. The skew of the noise reduced signal is therefore
_made equal to the skew of the incoming signal and does not
.require alteration for display purposes.
. | Incoming video signal on bus 60 is applied to a
. first input port of subtracter 62. Delayed and skew
30 corrected signal from skew corrector 74 is coupled to a
- . second input port of subtracter 62. The total delay of
the delayed and skew corrected signal is arranged so that
the two signals applied to subtracter .62 represent like
" pixels in successive frames (for a frame recursive filter)
35 or corresponding pixels from successive fields (for a
 field recursive filter). Thus the delay interval provided
by the delay element 70 is an image interval less the



"corrector 38 if the skew signals applied to skew corrector 10 52 from -

+ skew detector 40 are the conpl ements afjghe skew signals applied to skew___;’
corrector 38. Note that the effect of the conbi
correctors 38 and 52 on-the processed signal *_"'

?-delay the displayed
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skew detector: 78 which is coupled to the input bus 60 (or
Hsync). The skew value is determined at the beginning of
each horizontal line of the incoming signal and is valid
for the following line interval. The detected skew value
is coupled to the delay element 70 via multiplexor 68 and
stored with the signal samples from the horizontal line
corresponding to the measured skew value. This may be
accomplished by including the skew value in a sample
position prior to the first sample of active video. Note
each horizontal line has an interval including horizontal
sync, color burst etc., which information need not be
stored or delayed for recursive filtering. Further. it is

- generally known in memory based video signal processing
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systems to operate the memory in a start-stop mode to ~
preclude storage or delay of the signal in these 1ntervals
in order to reduce the size of the memory or delay
element. Consequently there is some latitude in the
design of the delay system, and the skew data for each
line can easily be accommodated in the. delay element.

Multiplexor 68 is conditioned by the memory
controller to couple noise reduced signal from adder 66 to
delay element 70 during_intervals of active video
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to devel op noi se reduced video signals. The signals produced by adder 66
arg coupled to the input port of the 10 Jdpgay elenent 70 the output of
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_ : if the measured skew is in integral fractions of a
sample period, will also be in integral fractions of a
_samplé period. The skew differences SSD are applied as

20 control skew values to the skew corrector 74 which may be

~ configured similar to the FIGURE 2A interpolator. In

_ practice, skew control values of 1+SSD are used so that
negative signal delays are avoided. The extra signal
delay may be compensated for in the delay element 70.

25 : In the foregoing -description, a skew value is
‘developed for each horizontal line, and the measured skew
value is used to correct all of the samples in the
corresponding horizontal line. The skew measurements may
be compared from line-to-~line to develop the rate of

30 change of skew. Responsive to the rate of change of sKew,’
the skew values may be altered within a line interval.



skew corrector 74 during intervals of active video information and

”mumuﬁlﬂunmmﬂljayed skew data to the skew cal cul ator, 76, during.the \‘_}
rval of each delayed line. The timing and control of the o

*def ay el'enent *70, nulti pl exor 68, and demultiplexor 72 will readily be 10"
devised by one skilled in the art of saggled data processing and w Il not
be described in detail herein. Current skew data fromthe skew detector 78
s also coupled to the skew cal culator 76. Skew cal culator 76 determ nes
{he di f f erencBAIMSskew, SSD, between the 15 skew of the incom ng signal,
SSI, and the skew of the delayed signal, SSM The skew difference (SSD =
SSI-SSM if the neasured skew is in integral fractions of a sanple period,
will also be in integr&b frvtdeonsighad paopéssmngi'aﬂpai‘heuskﬁbrdl fferences
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associ at ed corresponding to a time difference between the occurrence
of a predetermined sample and a horlzontal synchronizlng
15 signal; and .
~ processing means, coupled to said means for
‘applying video signal, including the cascade connection
of signal storing means for delaying signal by
- substantially an integer number of image field periods of
20 the video signal, and skew correcting means having a
control Signal input terminal coupled to said skew
 detecting means, said skew correcting means being
responsive to said control signals for effecting a time
displacement of szgnal represented by sampled data
25 signals. - .

2. The apparatus set forth in claim 1 wherein -
- said skew correcting means is coupled between said means
for applying video signal and said signal storing means,
and said cascade connection further includes signal
30 ' proportioning and combining means, coupled between said
" skew correcting and signal storing means, for
proportloning and combining respective signals from sald
skew correcting means and signal from an output of said
_ signal storing means, and applying combined signals to an
35 input of said delay means.



hér i.zontal synchroni zi ng S| gnal s; 10 skew det ecti ng neans

~couRl ed to saird néans for applying video signal and respongj mu uU
hbriZontal synchronizing signal for generating control si gm“mmm ! l*
to a tine difference between the occurrence of a predeterni fed®sahpl'e and a

hori zontal synchronizing 15 signal; and P&tessing means, coupled to said
means for applying video signal, including the cascade connection of signal
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apparatus 3@t f Qpldyydadtii} Balid's Vﬁlﬁfd&ﬂﬁ Mearg!r t her skew correcting
put

means having an“i1nput port coupled to the out port of said processing 5
circuit for conditioning signal output fromsaid processing circuit to

exl“i%i t a skew simlar toghe gpRvvEderisidgnilliproctasisid dparaid set

Furfer skew corgeeh! N Wiilh 1°WHLAeSiP U prlcbenbiihe Wctls 41y "¢
- recursive filter including means for 'proportioning and

combining input and delayed signals, said signal storing

15 means having an input coupled to said proportioning and
combining means and an output for producing said delay

signals.

5. The video signal processing apparatus set
forth in any preceding Claim wherein said signal storing
20 means is also coupled to sald skew detecting means and is
conditioned to delay a skew value associated with each
. horizontal line of video signal, and wherein said skew
N~ correcting means is responsive to a skew value signal
from said skew detecting circuitry and déiqyed skew value
25 signal from said delay means to condition the relative
skew of delayed signal samples to conform to the skew of .
corresponding incoming video samples.

6. The video signal processing apparatus set
forth in Claim 5 wherein said skew correcting means
30 includes means for subtracting'the delayed skew value
| signal from the incoming skew value signal to generate a
skew value by which the time displaced signal is to be
skew corrected.



ﬂuﬂ“ﬂﬂ ng means. 4. The video signal processing apparatus set ’;L
ereln *'said processing circuit is a recursive filter ?f

|nclud|ng means for proportioning and conbining input and del ayed S|gnals
said signal storing 15 means havi ng =94 nput coupl ed to said
proportioni ng and conbi ni ng neans and an out put for producing said delay -
gignals. 5. The video signal processing apparatus set forth in any '
precedi ng Oai m wher eit saiidsqmiignalopneressingrapparatus so coupl ed to
sai d skew dehfpedyd a}ﬁhl AP 1 hdcorittid VARG drfy U he Sl
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detecting curawﬁﬁgsewm del ayed skew val ue 25 signal from said del ay
means to condition the relative. skew of del ayed.signal sanples to conform
to the SkGM/Of‘UUIIEprHUIﬂQ rncom ng video sanpl es. 6. The vi deo signal
processing apparatus set forth in Caimb5 wherein said skew correcting
means 30 i ncl udes neans for subtracting the del ayed skew val ue si gnal
fromthe incom ng skew value signal to generate a skew val ue by which the
time displaced signal is to be skew corrected. -19- 7. Video signa
processi ng apparatus substantially in accordance with any of the

al ternatives hereinbefore described with reference to the acconpanylng

dr awi ngs.
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