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This invention relates to television display systems and particulafly to
systems enpl oying one or nore field nenories arranged to increase the f|eId.
rate of 5 displayed inages to reduce f4i€ker. It is di3) ey

application No. 8618101 ("the Parent Application”). The threshol

perception of field flicker in a teIeV|S|on di splay systemis a functlon f
the flicker frequenc¥ELBY1SH S JCKERCREDIIETION Y€ar s
di spl ays have increased in brlghtness to the poi nt where flicker Is

noti ceable even in relatiyvely hl%h field rate systens & ., NTSC-60Hz) and
clearly objectionable in FB&&r ipvention aelatesstoctelevbsionodisplay

sol ution to thisyptenseandspagtieulladlvnad i Sfshkdmis Ced %§099§§|8n305r1§or
guadr upl e) trma{} drate o di spl. ayed q$ es as descr) 8
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i nput signal i ie ry; LS _[ecovere

20 or "read" %aééfiﬁgg%g?hggne#§}§&§ﬁd( Eﬁ%ﬂ%éﬁﬁ%ﬁ gpﬁi§5?5§ QL nned at
doubl e the line rate and @bebtbresboflikiof perceptiom oficbiehd flileRer in
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advant ageous, *FT1SRFY, apd| the: PEightness, Qf tHhe RhsplayeadOden thet e
cl ocks to mmt|g§&£sod1§b£a?§|n&véuEﬁ@&@dﬁéd*ﬁﬁ”ﬁi&éhéﬁ@§§eﬂéYthQ bBEhEDY
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recogni zed her gfake haysvems (eegusemc-mm)-Iam(emﬂea:tmkbbgecmené_bléker
oot b\ Yoo TR e e CoadE LB Y 1, oL S0 SPLSKSE LS
t he tern1nonfﬁﬁﬂuﬁhkﬁrkﬁQP%emol$l§@od§M@@§f;he field rate and double (or
15 quadruple) the line rate of displayed images as described,
for example, by Lord et al. in U.S. Pat. 4,322,750 entitled
TELEVISION DISPLAY SYSTEM which issued March 30, 1982. 1In
an example of the Lord et al. syétem, a video input signal
is stored in a field memory. Each stored field is recovered
20 or "read" twice from the memory and displayed on a display
scanned at double the line rate and double the field rate of
the incbming video signal.
' In the Lord et al. system, the memory read and
\J write clocks are derived from the output of a sync'separator(f
25 circuit. It would be advantageous, in certain applications,
to lock the memory read and write clocks to multiples of the
color subcarrier reference frequency to thereby simplify
chroma demodulation and to minimize the possibility of
cross~color effects and other undesirable artifacts in
30 displayed images.
As recognized herein, however, the use of
"burst-locked" clocking in a flicker reduction system can
cause undesirable visual artifacts in displayed images
when the video input signal is of “non-standard" form. As
35 used herein, the term non-standard refers to video signals




Wherein' the ratio of the color subcarrier frequency to horizontal line
frequency does not conformexactly to a spee2&i ed broadcasting standard
(e.g., 227.5 in the NTSC standard). Where, for exanple, the video source is
asb vi deo disc player, a video cassette recorder, a video "gane" unit or
some ot her non- thekRkm thersatie hef bthet¢olor- subgasnierr Srequengyytoy

hor T 2T al |1 e prriare)  Lih8 PHOQEInGY (48 nBETCoRToL ERaBIY B 2
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difficult to deaHgimQ'h witer some e@thsemenaspandesdl saupéei heheanpl i ng
signal ¢l ock phasgret i AeSpREhudsicy NFatis ORbPOyRLY| £20ha k| SURERN ALnd

signal phase. The effect of this precessio

that horizont al X85y Fhe nunber %c%%t%a‘mf%%ghﬁm‘egﬁéhlm 8l d scan.
Moreover, in a Homigontal Uine éﬂﬁ&nﬂrmfﬁoa cPhe éﬂérglFSEeVQQd cl ock

IS used wi st a rd rate d c or t dIS t he_ 8
Fsc read cl E&eﬁé&’r% ?a?% ’f’ot?hgi"[a( of | o€ BHRRLF © 2d§ﬁﬁ| glogk:
of dt he 4 Fslc (vvrp&:a‘)od& contaitedrwertisin oone el?atizhentaltl]tnél-bentom ngn
vi deo signa c errors,
for the assuned con |t|é§é§ a€i€g%&f ﬁ&%gﬁ%%@'ﬁﬁa ?E%é8§£§ aé&?%ﬁ?a

i nterval or an|dxﬁﬁ§xen¢¢nmeycﬁnﬁind¢rnufrastimmabepantcaﬁlonelpixebs The
visible S0 - effects may biné gy i of ik Hanb8PIsE SGfiETe8" (BIELs)

undg§|rable artifacts. In_view of the foregom‘gs one _m

pre~processithg BRF Aine £5gmathestandard ubs ﬁlﬁfghﬁulf-l'éRefleal with

reduction procesg&adda?ﬁ)tvwéﬂr@smwtpﬁwéséﬁon dENEh@aSEmPPiNECEDEnal
(TBC). Exanpl es_.of .ti base orrector abl e for.use wt g o tape

fecorder (VIR) ret sr%ﬁ%e% eUI%C oming haryzongalgg of
lto et al., andsynhhhﬁizlmq S&qnalrphasenlrmhepefﬁeeﬂ bf this precession

or "phase-slip" or "skew" is that horlzontal_tlmlng errors
20 accumulate throughout each field scan. Moreover, in a
. flicker reduction system vhere a coherent 8 Fsc read clock
is used with double (2H) standard rate deflection for the
display, the 8 Fsc read clock precession relative to the
. 2H deflection will be double that of the 4 Fsc (write)
25 clock precession relative to the 1H incoming video signal.
This problem can cause accumulated horizontal timing
W . errors, for the assumed conditions, of 12% (or more) of a
line over a field interval or full-pixel timing
discontinuities between occasional lines. The visible
30 effects may be seen as picture skew, ragged edges or other
undesirable artifacts. '

In view of the foregoing, one might consider
pre-processing the video signal prior to “speed-up" in the
flicker reduction processor (FRP) with a conventional

35  time~base corrector (TBC). Examples of time-base
correctors suitable for use with video tape recorder (VTR)_
- reproduced signals are given in U.S. Patents 4,249,198 of
. Ito et al., and 4,443,821 of Kato, herein incorporated by
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-3- 1 reference. In lto et al. a digitized video signal provided by an
un-synchroni zed VIR is stored in the T nenory (one field) and the storage
‘'l ocation as well as delay prior to storage of the video signal is :
controlled 5_in response to the phase difference between the incom ng video

synchr onilzFRECELPRR: cIpdtonet &s & Sdgktdred sfideactignahal (e. g, ,
! h?usel jsynphbliridg:d‘hbymﬁ Qin-:t@&ibﬁz%rﬁm gimlﬂy,mgﬁ?ﬂ,é& cngéd ecting
intra-line_vel oci er rar a reproduced siqnal and i udes a0
vel ocity eW?@PrHeééWoﬁF}ﬁd%@% #@r@@q &%‘ﬁ%ﬁ%"lﬂs ttestF ve |ines
of the viddelaygpxion itio etonaige wfnbhe videoEignal els comperskHed at t he
out put of. the - g8l I ' t | ' {pi xel s)
read out 5f ?gmrtzggoﬁﬁﬁ% ggié; ur?tcét1 i%(;'nf?oé? %tﬁgee (%%%%éelg%lgﬁa%‘f?@mf%er ror
such that Vhdepes¥nchroniging signal semprenentmand &l cansdkantjual to the
level that rpberefee 84gnadlTilet giowHbURR &virthiey, 1 hlgséh'ﬁc Idg e d ead read
if there had been,23 %gyocE%y error, It 1sSrecognize ereln that the use
of 20 convéfit FBRGLLLCA1Y, 80ArESSES; K6 GOrHeT iptranikneol ve the
ti m'blng p_rob]geeaaieyceurmrse_ of a MIRe kep:roaﬁwdl '@”tgﬁailﬁcan& _sma?yls)ucﬁe@taem- The’
robl em,i,n icker r ti stens Jnvqlves nore t ti ne- base errors
Fe. g., i ?f’ér?";gYi F%g: ol#g:?%%‘&%- ?gngfrq.f %I‘?*ﬂ% PLERR 5 may be
a vari at i osuctesbéveudiiaesofpithel video |sigmadnavzittern dmtd inemory.
effectivel Rl ydbﬂﬁe ' L j : " The
aforenenti%n%ghgpngggF oes 0-gégkgha?ﬁq%%%§§§ﬁﬁgﬁéﬁpﬁﬁg%ﬁggggﬂ@g ectors
because t hafdustshthendevelr ofd thel yidece sanples dpixelslameaditautas it was

witten. £rSnBh¥ Mefb2d: ashad finctioh bEdttd detlaRiewaty the fiﬁ'}
menory i.s read tw ce ag% th Cﬁ%&g@'&l n for the second read operation ca
di ffer EPn€TEPT| SHED: fhAt: f ofchen&ead Qut SARAR |38 and each read

operation modiFeedi te vedequdd 2y thecqemelsaliam vH dedd-cut rssigienal
Dar o oo Bhdfnel Bage M MO BRUChuge feCliad el TG Le "SR SHY °
been no velocity error. .
It is recognized herein that the use of
20 conventional time-base correction techniques will not
solve the timing problems encountered in flicker reduction
video display systems. The problem in flicker reduction
systems involves more than time-base errors (e.g.;
"jitter"): it involves non-standard signals wherein there
25 may be a variation'of the number of pixels'per line and
this variation is effectively'multipiied by the double
reading of the speed-up memory. The aforementioned - v
problem does not exist in conventional time-base
correctors because there each line is read only once and
30 at the same rate as it was written. Simply stated, in a
flicker reduction display system, the field memory is read
twice and the correction for the second read operation can
differ line by line than that needed for the first read
cycle and each read operation may require video delay
35 compensation which is a fractional part of a pixel
interval. Moreover, if left un-corrected, read errors
caused by variations of the number of pixels per line due



-4- 1 to a non-standard si gnal ,- tend to accunulate as preV|oust
ment i oned According torthe present invention, a television display system
conprises: 5 a video source for prOV|d|ng a video input signal of
a given line rate and.a given field ratecgd. cl ock™ ‘source for providing read
and write clock S|gnals synchroni zed at integer nmultiples of the frequency
of a color subcarrier .conponent of said video input-10 signal; nmenmory neans

coupleq_l 0 patel sm-eetimmoeimttémseomcamﬁidtef as: pée%. 814 nput

signal - and fQr_prov ng to display device a video output signal havi
field rate I\I—‘T‘?‘ﬁé@’%ﬁ#ﬂ given field rate and a line rate at 15 | east

N-times said given |ineAcederdingbeo ngharpr?egerigvlentﬁont, hanltaMegisiehew
generator ne o) art { said wite clock si.gnal and to a

| i ne synchr o%é@éﬁ %%%%gntggﬁéé?%éw deo input signal for providing a
wite clocksskew-20 molmﬁidﬁg ‘soyrce for previding stvideoi dnputd nenory
nmeans and -a r K djfﬁél | | af C e vered from
sai d menory néeﬁnsﬁs'l gnaé Eans neans g%ﬁ%l%& in%ﬁmg%'}a r&%&?

imparting an effective @8efi9ckoseuree| for n:os&danm neadonnduwrétgngn.ogl; as
a function, QQiéhﬁﬁéfE&ﬁ&ﬁﬂcﬁf&&&eﬂtSﬁngeééfWhhﬂéi ibbnﬁfstﬂaakgeqﬂﬂﬁéﬁ'”

sai d delay neanS conprises; first circuit nean or st Qr.l ng sal
cl ock skew i rff ct K| ﬁm fL GPMPARRE ?gpﬁﬁ ¢ gréﬁc’l ANPULS nenory

nmeans; 30 10 signalgecond circuit means for recovering said wite clock

skew i ndi cating signal from.said nenor n nmeans r subtr ct| ng
the recovered clock skeWFRAEYJIEARS g?éﬂgeg €9n§§§rﬂdspé‘§&eﬁl oK ske

-indicating signdleast énenfielidfb£isatd videol inpud: g8ignal and fbeurt h
meaqs feggedg}?z dPEa Ry’ dESp MY PHLvELE"E vESed bURBLE R18hai%hving a
' jeld rate N-times said given field rate and a line rate at
1s least N-times said given line rate, N being an integer
‘greater than unity;

- skew generator means responsive to at least said
write clock signal and to a line synchronizing component' of
said video input' signal for providing a write clock skew

20 indicating signal for each line stored in said memory. means
and & read clock skew indicating signal for each line
_. recovered from said memory means signal; and
means coupled to said memory means for imparting
o an effective delay to each line of said video output signal
" - 25.as a function of a difference between said skew indicating
signais, wherein said delay means comprises'

first circuit means for storing said write clock
skew indicating signal with said video input signal in said
memory means; .

: 30 _ second circuit means for recovering said write
clock skew indicating signal from said memory means;

-third means for subtracting the recovered clock
skew indicating signal from said read clock skew indicating
signal to form a difference signal; and

3 fourth means for delaying said video output signal
' as a function of said difference signal.



‘ ]
-5- The invention is illustrated in the acconpanyi ng draw ngs, wherein |ike
el ements are identified by like designators, and in which: FIGURE 1 is a
bl ock diagram of a television 5 recei ver enbodying the invention of the
Parent Application; FIGURE 2 illustrates an alternative form of receiver
enbodyi ng the present i nvention; Fl GURE-8-is a timng diagramassociated
with the 10 receivers of FIGURES 1 and 2; FIGURE 4 is a detailed bl ock.
di agram of skew neasurenent appar at us suitable for use in the recei veLs of

FIGURES 1 and 2; Fl GURETBe én¥entiiongisi ddlastarated dnedhe aocompatying
appar at us of FRgd, 6 14 el | a

suitable for &gguln tﬁeﬁ?gggﬁeillie eﬁéﬁ%égglégﬁa ; angqugéggﬁéhss a

bl ock di agr an?8PigRaLPESynaPA, dnsWBAGNEp nenory architecture suitable for

useI i 3 the 20 recei ver SFEGUREGIRES i B06ck. dIB%r"aﬂlC%'fV%r tehei@dRh 1
I NCl udes ?

n antenwma (ANT ut .terginal 10 coypl V|a a tuner, |F
anplifier andrﬁFﬁége% F@EEFXﬁBgnl 12“8?“@&9969& to the input
of an anal og-Appiiigatiabngonverter 14. Unit 12 processes RF 25 nodul at ed
i gnal "SI whi ch s convEEPORE, 3" 413RpkPaReR aC A aRRaRIvE, ThPe rver  er
14. The RF sigeeeiver swbodyingf the preseot) inwenttdopsovi ded by an antenna,
a tape recorder, video ﬁi&ﬁnzcgnﬁgtgffﬁhlﬁ N@s agPam? E%%ciﬁ@eﬁbéakbaggé

(AUX.) i
vi deo si

t termnal 16.1S. provi or _obtai ning t e ana ase
I EEF3+YSEFa°§o§F URESyLn8n6r 8vi si ons for baseband vi deo out put .

The digitized video si graGURE 4sispal dedalited ¥ideR BLiageam BE YRkl 18 Of
conventi onal deS|gn whi ch 35 EQEVIdeS gﬁghguiogrocessln functigns such as
S

col or separ atToRS

control,

FEMPRLNBRPRERRIHgSUL oHEPoiR khe 5ﬁsesxeasa9fov

et c. FI@HRESOEeanddZyldeo signal S3 is
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FIGURE 5 is a tlmlng dlagram associated with the
apparatus of FIGURE 4;

FIGURE 6 is a block diagram of a delay device
suitable for use in the receiver of FIGURES 1 and 2; and

FIGURE 7 is a block diagram of an alternative
speed-up memory-architecture suitable for use in the
receivers of FIGURES 1 and 2.

The recelver of FIGURE 1 includes an antenna (ANT.)
input terminal 10 coupled via a tuner, IF amplifier and video
detection unit 12 of conventional design to the input of an
analog-to-digital converter 14. Unit 12 processes RF .
modulated video signals applied'to terminal 10 to provide \J
a baseband analog video signal Sl which is converted to
digital form (signal S2) in (A/D) converter 14. The RF
signal (as herein before deflned) may be provided by an
antenna, a tape recorder, video game, computer or other
source. An auxilliary (AUX.) input terminal 16 is pﬁovided
for obtaining the analog baseband video signal S1' from a
source havingfproVisions for baseband video output.

 The digitized video Signal'sz is applied to a
video processing unit 18 of conventional design which
provides varicus_processing functions such as color
separation, luminance peaking, contrast control, hue and '
saturation control, etc. The processed video signal S3 is

]



*6- 1 applied to a burst‘locked cliock 20, t.0 a sync separator 22 and to a
flicker reduction processor (FRP) 24 (outliged in phantom). C ock 20
conprises a phase lock loop (PLL) keyed by horizontal sync pul ses FH
provi ded by sync 5 separator: 22 to provide read (FR) and wite (FW clock
si gnal s havi nyg dpp&ﬂemctesalhnksﬂ locheghelbchEBOandofausyhcnﬁéphb&tor 22

NTSE a3 PaL stahard 3 HEECKEE CheSIERENE hrothiabe SrREL ER TRdfTined s oc
are 10 about 1@13418':%& an@lagk 7%01 erRprisepcaphase. 10k leap (PLLK
frequency (8quge*qubeﬁ@rig@n@§1t ntg§&1§é§ ”ﬁfobﬂdéﬁ'ﬁYE%?ﬂ?le of the

i nvention in whic I ne vertic d rates

the di | ay hori
are doubl e the SRR vfge | PFRV d(FR} cand write (FW) cipekijeld
rate of the vi obngmmaha@ngsawbémw idad:ﬁé@rtéeéﬂght‘?ﬁlﬁé@c&ﬁéor 24 by

f
tores cach | noE PReE R FPedbenal o 8RE J5for ChuBgaLitdF [RotpStent
previously st orﬁnutst:) of svideoveignabrS3s eaddr INDSCi and PALt Standard

frelds are prodidep ifedt siindlthel e Suple i Lddfehdfel 4 iy
line rate ofl® @mﬁ@&f@ﬂm%ﬂ?d%dﬁéd respectiveliysi rﬂ!etneadlso
doubl e the nunejodk #idfsendy cedPsdj old d&ume bueZériEéeégséﬁtfP endiFn

oULpUL i gnal S Sk ARREL0 OF TR CHRYSREACR Th (MRLEE AR GLSPLRY)
oL e motaot e s oeices st s i o
pr ogessi ng unPF %ﬁd c?gjs’rfg%t%?fglé“ g‘g%‘{g ¥he frequency of the
normal |ine Lgte (FH) andriie ef ikIdtatd-\Of sthe wideal s:.gma)]:iusledlbydaymbed
synchroni 2 ng (b Shier VedRld AtiR Sy D ANy Hhdang 8 °8 Fellf”
signal S4. Sindeemory f3Q|as il e dragribed. Br:-efly. memory 50 stores
each incoming field and, as one field is being stored, the
previously stored field is recovered or "read' two times
20 thereby doubling the field rate of the video output signal
(s4). since two output fields are produced during the
time interval of each inconing field, the line rate of the
video output signal is doubled. If it is desired to also
. double the number of lines in each field (e.g., by
~ 25 interpolation), then the line rate of the video output
" signal would be quadrupled.
- . The video output signal S4 is applied to a
conventional digital-to-analog (D/A) converter and matrix
~ unit 26 which converts signal S4 to analog R, G, B form
30 for application to a display unit 30. Horizontal and
vertical processing units 32 and 34, respectively, double
the frequency of the normal line rate (FH) and field rate
~ (FV) sync signals produced by sync separator 22 and supply
‘the double signals 2FH and 2FV to display 30 for
35 synchronizing the display sweep with the double field rate
- video output signal S4. Since the field rate has been
doubled by repeating fields in flicker reduction processor
24, the number of lines per field of the displayed images



doubl ed by repeating fields in flicker.reduction processor 24, the number
of lines per field of the displayed inages -7- 1is- unchanged Therefore
the vertical and horizontal resolution of " di spl ayed images is not altered
but the flicker frequency is doubled since the fields are displayed tw ce

ot eased oloRneBRAngd; 2haResbns chedRRE G, s BEr bRl os o e
substantlalI?e$01@k%essoﬁfdiaplp¥e§|smsges dc nbt h&tamedlbualthysteﬂland
thus the d'SPiﬁdﬁér'ffﬂﬁu&hhg iﬂpﬁaﬁbiﬁdbglﬁbeCE§% %ﬁ ggorrgll practital

pur poses. revi Qus escrib reduction system
of Lord et isphavedctwigs ﬁﬁnﬁf?epece 9€stpoéBdsN§ﬁ§I§té§dﬁVéd fromthe

synchronlzsngigﬂapenené ﬁiiéherVEQQQueﬁaytlalaﬁakeaéeaOtélﬂ@bYHzeaﬁH
he nenory has a fixed 15

picture ele p her ei naf stor
hori zont al p%ﬁ%?é %éﬁ B2y o TEFREC gﬁHL}Ke s?gﬁ§ﬁ1 §eﬂH§P€FSFeaFSt subject to
phase error ssibstantballjreinl extessl afi thet pespistentecofy thenhamaak 20 of

FIGURE L hoyewgly Loetgfkgtlal Pnll the aaisggg&ggoaﬁﬁpgegi@gsg,‘g'egﬁsgns' tive

to cl ock skeM/errors BEcausSet hie |npu
speed- up nehbeyfhichennﬁrpaaforrclatpvcct cabepurposesy sync and will be

recover ey grom the menpnyeAadpdlopbaked dbkBrinda E3ieRErPBRRGSEELA! Ve L0

the display sync. |If _uncorrec ew errors w
undesi r abl e §YStem afLerd: ethailmgthesspagdaupsmemeryasersives edockcal

edges, p'Xe'sﬂ@ﬁ&ﬁé'aéﬁEGédaEQomhﬁhé BYﬁehrdhEQQﬁbl&Bhbbﬁén@ubfnﬁhe
occasional |ipes | exa ention, skew errors of the wite
clock are ch+€ egn #o gﬁggtorgﬁgoﬁslPﬁi V|8€8h|RﬁGFu§FgﬁiFmS§tln : |
speed- up nentpixéDd, ahdreknafﬁérer stosedf ihheheemdmokgchasi gnElixER® are
Feduct| onthrageLEdpes) o188 ibashiB hrbile ZBACERMNSTRAR 1870 o' Ea%hna
a four-pole thgmetereunmtsanb&echatcnghaapueraQUS (skew) of the clock
relative to sync. The system clock 20 of FIGURE 1,
however, is locked to burst and therefore the system is
_ sensitive to clock skew errors because the 1nput signal
20 will be stored in the speed-up memory with one phase
relative to the incoming sync and wlll_be recovered from
the memory and displayed with a different phase relative
to the display sync. 1If uncorrected, the skew errors will
result in undesirable visual artifacts being displayed
25 such as ragged vertical edges, pixel missalignment and
whole pixel discontinuities during occasional lines.

In this example of the invention, skew errors of
the write clock are corrected prlor to storage of the
video input signal S3 in speed-up memory 50 and skew

30 errors of the read clock signal FR are corrected upon
readout of each line stored. |

SPeed-up memory 50 of flicker reduction :
processor 24 comprises a pair of one field memories 52 and
54 and a four-pole two-position switch having input and

35 output sections 56A and 56B, réSpectively._'For'the switch
position shown, input section 56A applies the write clock
signal FW to memory 52 and couples the video input signal
to memory 52 via a delay unit 60 thereby storing the video



v35 out put sections 56A and 56B, respectlvely For the switch position
shown, input section 56A-applies the witegclock signal FWto menory 52 and
coupl es the video input signal to nenory 5§ via a del.ay unit. 60 thereby

-sstoring the video 1 input signal S3 in nenory 52 and inparting a wite

SkeM/COFreCtioﬂnﬁﬁtSSE?ﬁh15§3'Enph8ﬁ3E§'QQ EﬁdtEﬁpﬁ&%ﬁ%@proﬁégg%)g¥e%n't

60 Cbncurrentlﬁ m& secglon 56B i es @f. eao o field
npnorz;54 and €0tpeetisn; fQ siopad &8 @BWBF?PQI" npte the A¥X unit 26
vi a ai gzther peowidedi bybdnikesohy c&n&utr?ntdyne%%i%bﬁWs@%&&%ﬁtFGB to
si'gna in 0 | i s _proc ntinues
Iige by |ine 3%§$$£%§ g&%tF%gafgngkoggglgﬁglgigl S? FRURLRS! v
52 and the 19 thel dupputi ofsmgmoryr 64 to BékoapdSmahtixbeadtresdvﬁwOatines.
The position o h 5 e the
procgss is repggfggéf dﬁiﬁk 9@?5 aélgﬁgféﬁ§ iﬁp&%@ﬁnaeétg§§g gn menory 54
and t he preV|oﬁgryeGFéﬁédtP|§iﬁn§élﬁé iécBV@P@Gtﬁpﬁnﬁﬂe#bEydslaYlbf unit

The del ay Inpaszed tRi5hprycass baﬁﬁlnﬁbﬁniin§3b yliﬁba&nﬁautoﬁg biitire
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skew of essentbaéé ssfng E 32 and stored in a latch 70 as will be
described. An inverse relationship is obtained by means
20 of a subtractor 72 which subtracts the skew data word
stored in latch 70 from a constant (32 in this instance)
and the resultant difference signal is supplied to control
the delay of unit 60. The number "32" corresponds to the
period of one cycle of the write clock as will be
25 explained. Thus, as the write clock skew increases, the
) output of subtractor 72 decreases thereby advancing the
W signal S3 in time in proportion to the skew.
- AS an example, if the write clock skew at the
start of a line is one-quarter pixel, then the delay of ..- -
30 unit 60 will be reduced by one-quarter pixel from its _
'initial delay (e.g., one pixel) whereby the line of signal
S3 stored in speed-up memory S0 will be "de-skewed", that
is, it will be stored with a skew of essentially zero with
~ respect to horizontal sync. All lines stored will
35 therefore have essentially no skew with respect to the
”_video input signal;
o The write skew information comprises a five-bit
° 'word which represents the time interval between the




respect to horizontal sync. Al lines stored will 35 therefore have
essentially no skew with respect to the video input signal; The wite skew
i nformation conprises a five-bit wordgwhich represents the tinme interval i
bet ween t he -9- center of the horizontal synchronizing conponent of the
video input signal S3 and the |eading edge of the last wite clock pulse
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menory 5 el a
rstly, e primary skew is the directly measured skew of

the write clock and it is used for all write clock. skew
corrections. As each line of the video input signal s3 is
20 ‘stored in speed-up memory S50 it is advanced in time by the
value of the "“primary" skew value stored in latch 70 and
thus each stored line has a fixed time relationship to
horizontal sync of signal s3. :
The second function of the "primary" skew data
25 is to provide a basis for read clock skew correction by .
delay unit 62. Recall that delay unit 60 only "de-skews" | W
the video input s;ghal S3 with respect to the write clock
skew. The read clock signal FR 15; however, also skewed
with respect to the double line-rate horizontal deflection
30 of display 30 when non-standard signals are received.
Each line read from the_speed-up memory 50 is delayed by
delay unit 62 by an amount equal to the skew of the read
clock with respect to the double line rate deflection of
display 30. Thefreéd clock skew therefore_muét be
35 determined by some means. This might be done, for
example, by directly measuring the skew of the read
clock with respect to the double line-rate horizontal



‘delay unit 62 by an anount equal to t he ské@/bf the read clock with respect
to the double line rate deflection of display 30. The read cl ock skew
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'_'represent a read skew error of each line read during the
first half of a write operation (e. g., lines M, and M+2 of
FIG. 3).

20 ' Memory 50, it will be recalled, is read twice as
quickly as it is written. If one were to use the measured
write skew or "primary" skew for correcting all read skew
errors, then every other line (M+1l, M+3 FIG. 3i would be
displaced by one line's worth of accumulated skew thus

25 producing a serrated edge effect in displayed images.

This problem is solved by estimating the write clock skew
with respect to the double line rate deflection and
doubling the estimated value to arrive at the read clock
skew for displayed lines which begin in the middle of each

30 write operation (e.g., M+l, M+3, etc.). '

The estimate of read clock skew is performed by
arithmetic circuits in processor 32 and is referred to
herein as Psecondary"'skew. The calculation is made in
unit 32 by measuring the period of the incoming horizontal-

35 sync pulses, dividing the period by two to give the period
of the 2-FH deflection pulses and adding the result to the
write clock skew. The fractional part of the sum
represents the skew of the read clock with respect to the
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The estimate of read clock skew i.s perforimed by arjthnmetic circuits in
processor 32 and is referred to herein as "secondary" 'skew. The cal cul ati on
is made in unit 32 by neasuring the perldd of the incom ng horizontal 35 g
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determ ning, the delay inparted to the video output Signal S4 by delay unit

62. This f onis provided by a nultiplier 82 which couples the output
of the read skew 15 Simtehthe pimarynand6@ecdhdapyi shey walluescapdary
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primary skew data. TiZhe quuimbary ahdvsecondarsysskewadataepbeyidadnyof
lines Mrl, d¥sdedildy #¥'lcould be coupled directly to processor 24 for
storage in latches 70 and 80. If done in parallel form a
large number of conductors would be required. Horizontal
20 processing unit 32 avoids this problem by sending the
primary and secondary skew data in time division
multiplexed form to flicker redﬁction-proceSsor 24 via a
single conductor 33. The data format is illustrated in
FIG. 3 by waveform D (not to scale). The primary skew
25 data for lines M, M+2, etc. is identified by a low level _
of the signal-waveform for two clock cycles. This U
identifying ﬁpreamble“ is followed by a five bit word
. representing the pfimary skew data. The secondary skew
- data is sent at the beginning of lines M+1, M+3, etc. but
30 is preceeded by a one clock cycle'preamble to identify it
as secondary (calculated) skew information. Timing for
the skew data is provided by the negative transition of
the “preamble" pulse which occurs at the leading edge of
the last write clock pulse prior to the center of the
35 horizontal synchronizing component of the video input
signal s3. ) |

The skew data is demultiplexed and stored in
latches 70 and 80 in processor 24 by means of a serial-in



“30 is preceeded by a one clock cycle preanble to identify it as secondary
(cal cul at ed) skew information. Tim-ng for the skew data is provided by the
pegative transition of the "preanble" pul $82mhi ch occurs at the | eading
edge of the last wite clock pulse prior to the center of the 35
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output signal for all lines mh are read,during_ the first half of each
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lines read durthe wfeteeraﬁdhhabfaﬁf GCBtmt ef2@achopéhat bedngVwtitides,
etc.). The ti¥$n edge whi ch acc h It| | exed s%gm/ ata may be
used for reset %# H ?%aﬂe%ﬂﬁ¥e co ﬁt§ Of-By 50 to

i nkLi at e thelmﬁﬁmmmmramdoaecbndaenchkéwndatmhaneuaﬂtemaatedg slteredstiam of
FICURE 1 14 1 Sege re&&cfééﬁﬁygéo 'fﬂér#ﬁiﬁéfg gRraly ah%ﬁklgehF%gAQ%ans to

both the V|deo 1 nput Signa e0 out put
previously expﬁ%ﬁ¥@%ﬁ1¥5rthﬁl§kﬁﬁr9§s§h?h@u§2ﬂ§y519nal for all lines

which are read during the first half of each write
operation (M, M+2, etc.) and secondary skew data is used
for all lines read during the second half of each write
20 operation (M+1l, M+3, etc.). The timing edge which
accompanies the multiplexed skew data may be used for
resetting the read address counter (not shown) for_memory
50 to initiate the read operations for each line.
When implementing the system of FIGURE 1 it is
25 - necessary to impart fractional clock period delays to both
- the video input signal S3 and to the video output signal
S4 as previously explained. For this purpose the delay
units 60 and 62 may be implemented, illustratively, by
means of a two-point linear interpolator as shown in
30 FIGURE 6. The video signal to be delayed (S3 or s4) is
applied via a multiplier 600 to one input of an adder 602
and via a cascade connection of another multiplier 604 and
~ a delay latch 606 to the other input of adder 602. Latch
606 provides a one clock period delay (e.g., 70
35. nanoseconds for signal S3 or 35 nanoseconds for 51gnal
S$4). The multiplier coefficients (K and 1-K) are prov1ded
by a read only memory (ROM) 608 which varies the gain of
multiplier 604 in direct proportion (K) to the skew data
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write clock ike errors-and is del dyed adain when 1t"|s recovered fromthe
menory to 2& °°¥é/0rrect read cl ock skew errors. |If the delay is provi ded@

R By At e e A 1 R g
corr eotibon SUFSIERIRESE, a8, drreranar the Hishe] i nddentamtiv co. 25
As an over visulyjeictedl GoREnterpolation @imder skelm the system of FIGURE
1 the video signal is delayed prior to storage in speed-up
memory 50 to correct write clock skew errors and is
delayed again when it is recovered from the memory to

20 correct read clock skew errors. If the delay is provided
by interpolators, the interpolation errors are cumulative.
This problem is avoided in the system of FIGURE 2 by
providing all delay for clock skew correction subsequent
to speed-up of the video signal in memory 50.

25 As an overview, in FIGURE 2 the write clock skew .
signal is stored in the speed-up memory along with the o/
video signal S3 and the arithmetic operations of adding a
constant and subtracting the write clock skew are done
subsequent to speed-up when the skew data is recovered

30 from the memory. This enables the read and write clock

- skew data to be combined for controlling delay unit 62 and
thus eliminates the need for interpolation prior to video
speed-up and thgréfore provides a desirable reduction in
interpolation errors. | '

35 In detail, latches 70 and 80 store the read and
write clock skew data as previously described. The write
clock skew data is combined with the video input signal S3
for storage in speed-up memory 50 by means of a multiplex



signal is stored in the speed-up menory along:w th the video signal S3 and
the arithnetic operations of adding a const-\'a"}:é and subtracting the wite

¢l ock skew are done subsequent to speed-up Whén the skew data is recovered
30 fromthe nmenory. This enables the read and wite clock skew data to
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Gl ock which has Sk SEIRS HHSHESA 19 ALtz anihe Tecio ol the lice
represents t he tth&avxdeﬂ\sﬂgn&lcukapiew$busly explained. The read skew
data stored in latch 80 is doubled in rulitplier 82 and
added to the constant "32" in an adder 77. As previously
20 explained, the read skew is doubled because it is
calculated in unit 32 on the basis of the write clock
which has twice the period of the read clock. The
constant "32" represents the time interval of one clock
period and is added to ensure that the delay correction
25 value is always a positive number. The write skew data
- - ‘stored in latch 78 is subtracted from the output of adder
77 by means of a subtractor 79 and the resultant .
difference signal is applied to delay unit 62 for
‘correcting read and write clock skew errors concurrently.
30' The delay corréction, expressed mathmetically, thus equals .
' X + 2SR - SW wherein SR is the skew of the read clock, SW
~is the skew of the write clock and X is the constant used
- to avoid "negative" delays. This correction is
mathmetically the same as in the example of FIGURE 1 but
35 the interpolation error in the example of FIGURE 2 has
been reduced by a factor of two due to the elimination of
delay unit 60. '



period and is added to ensure that. the.delay correction 25 val ue is

al ways a positive nunber. The wite skew data stored i'n latch 78 is
subtracted fromthe output of adder 77 bySmeans of a subtractor 79 and the +
resultant . difference signal is applled to delay unit- 62 for correcting read
and wite clock skew e[t nQurre The del ay correction,
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accumnul at or edution 298548er 416 as folloms The sync
: Phase lock loop 402 (outlined in phantom)
includes a counter 410 which is clocked by the 4 Fsc write
clock signal FW and reset by a comparator_412 when the
20 count equals the period, T, of the horizontal
- synchronizing component, FH, of the video input signal $3.
The period of signal S3 is determined by means of an
accumulator 414 and an adder 416 as follows. The sync
signal FH from separator 22 is low pass filtered by filter
25 418 and applied to accumulator 414 which measures the time
dlfference between the center of pulse FH and the \J
occurrence of a master sync pulse MS provided by a decoder _
420 coupled to the output of counter 410. This time
difference (or error) signal is scaled so as to represent
30 the error in terms of cycles (and fractional cycles) of
, the write clock. It is then low pass filtered (in filter
419) and added in adder 416 to the number 910 which equals
the number of 4 Fsc write clock periods in one line of an
NTSC standard eigna1; ‘The period indicating signal, T, .
35 thus provided: by‘adder'416 controls the threshold of
comparator 412 thereby locking counter 410 to the
horizontal synchronlzlng component of the video input
signal.



“signal FH from separator 22 is |ow pass fllter-ed by filter 25 418 and
applied to accunul ator 414 which -neasures the tinme difference between the
center of pulse FH and the occurrence of a St er sync pul se M5 provi ded by
’a decoder 420 coupled to the output of counter 410. Thi s ti me difference

(or error) signal is scal 5§I§'n rnms of |
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fracti ons18f asignall ,,cycl e as shomn in FIG 3 If |t IS assuned 20  that

beriod of the video | npuEtergAREots, ale derectad Y mebns At o IAtRmIAZE | o
not and an adder 424. SKew, it will be recalled is the time
difference between clock and sync expressed in fractions
of a clock cycle as shown in FIG. 3. If it is assumed.

20 that the value of the period indicating signal, T,
correctly represents the line period of the video input
signal, and if the fractional part of signal T is not
zero, then line-to-line changes in the skew will occur.
As an example, if the period of signal FH is exactly 910.1

25" clock cycles long, then the write clock FW will precess

' with respect to sync (FH) at the rate of exactly 0.1 clock
U '~ 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'gé;erated by
30  means of adder 424 which adds the skew of the previous
" line (stored in .latch 422) to the period signal T. The
fractional part of the sum is then stored in latch 422
- which thus functions as an accumulator for the skew data.
The integer part of the sum is applied to comparator 412

35 fbr adJusting the period of counter 410.

' Skew detection was based on the assumption that
the period indicating s;gnal T correctly represented the
period of the video input signal. From the previous



zero, then line-to-line changes in the skew w || occur. As an exanple,

If the period of signal FE is exactly 910.1 25 cl ock’ cycles long, then
the wite clock FWw || precess with respect to sync (FH) at the rate of
exactly 0.1 clock cycles per line. Thed3?-<f the skewis 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 i s generated by 30 nmeans of adder 424 which adds
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pul se FH at “eac vertical tic nar whi ch preceed pul se M5
and i nébenerfdreg 2hcpudss: MSh (WageformB)20 This may heHIJAnRILH pul se FH

at each C'OQEtElﬁb@tﬁEtﬁhcumulator count initially to zero,

- decrementing the count in proportion to the magnitude of
pulse FH at each'clock'cycle (vertical tic marks) which
preceed pulse MS and incrementing the count in proportion

20 to the amplitude of pulse FH at each clock cycle after

pulse MS. 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. If pulse MS

preceeds the center of pulse FH, then the areas will

25 differ (as shown in by C and D) and the accumulator output K)
will be proportional to the cross-hatched area. This area '
represents the time difference between pulse MS and the true
center of the horizontal sync pulse FH. One may then scale
the accumulator output to express the result in terms of

30 write clock cycles (and fractions thereof).

- Skew and timing processor 404 includes

arithmetic circuitry for deriving the secondary skew data
from the primary skew data and multiplex circuitry for

: transm;tting the skew data to flicker reduction processor

35 in the format shown by waveform D of FIGURE 3. The
-secondary skew data S is produced- by an adder 430 which
- adds the primary or write clock_skew data P provided by



pulse MS. If pulse M5 is exactly aligned wi th the center of pulse FH (as
shown) then areas 1 and 2°'will be equal and: td]_e accunul ator output wll be
zero. 'If pulse M5 preceeds the center of pulse FH, then the areas will 25
differ (as shown in by C and D) and the accunul ator output , will be
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the zero crossmg tine o anced or - |ne rate

tinmng pul ses (€IgHta gomrarmxge&hmgiezleam ceﬁn'mel rekgnat gnal
provi ded by SUbfth%Ctz‘érro crossing time of the ramp may be advanced or

- retarded. Line rate timing pulses (1-H) are produced by
20 detecting zero of the ramp signal provided by subtractor
' 434. Double line rate (2H) timing pulses are produced by

offsetting the ramp by one-half period (T/2) and detecting
zero. (The offset is provided by adder 436, detection is
provided by zero detector 422). By this means it is
25 ensured that any change in the position of the line-rate
(1-H) pulses will be tracked exactly by the double
N\, line-rate (2-H) pulses when the delay control signal is
| varied for such purposes, illustratively, as correcting
 the display sweep for processing delays the speeded-up
30  video signal S4 may be subjected to.
- The skew data is converted to serial form (FIG.
3 waveform D) by means of a parallel-in serial-out (PISO)
fegister 440 which is timed by pulses produced by a zero
detector 442. A line rate operated switch 444 alternately
35 '_applles the 1-H and 2-H ramp signals (from subtractor 434
'~ and adder 436 respectlvely) to detector 442 and
alternately supplies the prlmary (P) and secondary (S)
skew data (from latch 422 and adder 430, respectively) to




434. Double line rate (2H) timng.pul ses are produced by offsetting the

ranp by one-half period (T/2) and deteﬁgfng zero. (The offset is provided ]
by. adder 436, detection is provided by~Zero detector 422). By this nmeans it *
is 25 ensured that any change in the position of the line-rate (1-H)
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driver 454a (pitalse detector 452 which compares the phase of flyback
pulses FB produced by a deflection driver 454 (and
digitized by a eonverter 456) with pulse MS'. Since the
20master sync pulse MS' occurs on a clock edge, it contains
skew errors which will appear in the oﬁtput of phase
detector 452. These are removed by subtractor 453 which
subtracts the skew data of processsor 404 from the output
of detector 452. The error Signal (at the output of
25subtractor 453) produced by detector 452 is low pass
filtered in filter 458 and added in adder 460 to the "
tiﬁing and skew signals provided by switch 444. The |
integer part of the resultant sum signal is zero detected
by detector 462 thereby producing double line-rate pulses
302-FH which are applied to the deflection driver via a
delay unit 464 controlled by the fractional part of the
sum signal'provided by adder 460 to thereby correct for
clock skew errors in the deflection pulses (2-FH) . in
effect, the same primary and secondary skew signals used
35for correcting memory read/write operations are applied to
the deflection driver to ensure that the display sweep is
corrected in the same manner as the memory skew errors.



digitized by a converter 456) with pul se M5 . 'Si nce the 20master sync pul se
M5 occurs on a clock edge, it contains skeﬂperrors which wll appear in
fhe olit put of phase det ect or 452 These are renoved by subtractor 453

whi ch subtracts, the dat rocesssor 404 fromthe output of det ect or
452. The error AFHES %ﬁ’ %‘ﬁt oFf WBichLRFgcFOFrestedpiBdtked by
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shown by the associated read and wite.t] m ng di agr ans. -21- CLAIMS: 1.
A television display systemconprising: a video source for providing a.
video input signal -of a given line rate and a given field rate; a clock

source for providing read and wite clock signhats—synchrontzed—at—i nt eger

mul tiples of the frequency of a color su_t%[a_rrier f said video

i nput signal; nenory neans coupled to sai sourcﬁﬂiﬁﬁﬁﬁgnﬂ & |- east- one
fireld of said video input sigral and for providi i i ce saw

vi deo out put signal having a field rate N-tinmes said given field rate and a
line rate at |ea N-times said given line rate, N being an integer greater
than unity; séﬁ%‘l‘erator nmeans responsive to at least said wite clock
signal and to a |line syrchr gnite sy isigw dispdy ssysitamh desmprisingi gnal for

providing a wite clock windicati ignal .for each.ling stored in said
nenory means and a read‘é 5k %% ﬁ%?ﬁ‘&%ﬁ%ﬁ.?’&%ﬂ?? ne
recovered fromigrnal & wivemdigigqdte ant magisvenufield tratej d nenory

red fromig s | . 1 |
ignal 85 a Tunction of & Gy Sk TG oaf thd RGO

wherei n sai d ddanplfSEnchrgnizad at jinteger qmitinles ofrthe ofreguendyl
wite clock slggvg 'lﬂil‘&t 'éiﬂ:c‘ix&‘!ﬁér ‘Mdnﬁxﬁﬁérﬁ: \kbfjeéhid‘pﬁdéé QIWﬁLutE rhfidé’l;
nmenory neans; second circuit neans for recovering said wite clock skew

i ndi cating signal from SEUPLEMFANSCHPLeG ¥ FRlthSIUFCetbih I Ide
recovered cl ogit Jleast whe Fiald vHFHid adesi theaosidgek sk®VEsndi cating

SAmal L0 fo" Bl SR Y g YA A SN i o
field rate N-times said given field rate and a line rate aé‘J
~least N-times said given line rate, N being an integer
greater than unity;

' skew generator means responsive to at least said
write clock signal and to a line synchronizing component of
said video input signal for providing a write clock skew
indicating signal for each line stored in said memory means
and a read clock skew indicating signal for each line |
recovered from said memory means signal; and

means coupled to said memory means for imparting
an effective delay to each line of said video output signal
- as a function of a difference between said skew indicating
signals, wherein said delay means comprises: U
first circuit means for storing said write clock
skew indicating signal with said video input signal in said
memory means;
_ second circuit means for recovering said write
clock skew indicating signal from said memory means;
third means for subtracting the recovered clock
skew indicating'signal'from said read clock skew indicating
signal to form a difference signal; and
fourth means for delaying said video output signal
as a function of said difference signal. '

—~



£22- 2. A display systemas recited iin Caim1 wherein said skew
gener ator neans conpri ses: neasurenent neans coupled to said video source

and toisaid clock source for providing a primary skew_indicating signal
representative of a skew error of said wite clock signal with respect to

said |line synchronizing conponent of said vidgp input s I “”
providing a secondary skew indicating si gnal erived fslcl“muum1 | m““" kew
i ndi cau,ng signal; and neans coupled to said neasurenent* n€ans fbr Yerti ving
sai d-read clock skew indicati ng signal fromsaid primary skew indi cating

signal and from said seconday ske catl signal during nutually
exclusive tinme intervals. a{ Vés‘pﬁ %ﬁ“&@ﬁ e?ﬁ‘i’e*%?‘?rﬂ-ra%l%@ 1

wherein said neanwtxanqilm(k&m a!keiv wﬁﬁ’m&ném&‘cmﬁségﬁ st orage
A T TS R TR P
line intervals of and d:ovisaa'd wiiquk souyed fanpreddingra gif mary eskew
Tead o bk skew | SRAcACInY S pidiEdbe I ey LHEGY OF SO
~accordance with FuWkte £lack rseimlowaﬁiyunﬁfmmgssmulm@mmhnmng
In conjunction W idenipbhetit dfi WY Yideo input signal and for providing a
secondary skew indicating signal derived from said primary
skew indicating signal; and |
means coupled to said measurement means for
< deriving said read clock skew indicating signal from said
‘primary skew indicating signal and from said secondary
skew indicating signal durlng mutually exclusive time
intervals.

3. A display system as recited in Claim 2
wherein said means coupled to said measurement means
comprises storage means, circuit means for causing said
primary and secondary skew indicating signals to be stored
alternately in said storage'means during respective line
intervals of said video output signal, and means for
effectively multiplying the value of the stored skew
indicating signal to provide said read clock skew
indicating signal.

4. A display system substantially in
accordance with Figure 2 of the accompanying drawings on
its own or taken in conjunction with any of Figures 3-7.




