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2178267 TELEVI SI ON DI SPLAY SYSTEM W TH FLI CKER REDUCTI ON Thi s i nvention
relates to-tel evision display 5 systengyand particularly to systens
enployi ng ‘one or nore field menories arranged to increase the field rate of
di spl ayed i mages to reduce flicker. The threshold of perception of field
flicker in 10 arn:mysmnnbdig%:_az gﬁm WITH FLICKBER) REDUdEIdN i cker
frequency and the brightness of the display. Over the years displays hav&g
increased in brightness to the point where flicker is noticeable even int”
relatively high field rate systens (e.g., NISC-60Hz) and clearly

obj ectionabl e 15 I n r & il € 4G ¢ ~ﬁg}#@
solution to this probIgﬁ??slgg%ggﬁgﬁgqgﬁgi?ﬁgfgsrg?éegﬁéh'oub e??%§y
quadr upPe) SYSYems apdcParticydiarist tougkstans)enplioydnya ne Q& MPEe by

Lord et al. fiield mefdfied. 32Zafifedté t 1 86rdhEEVicheOY i1/ SYSFEM which
I ssued March,.30,, 20

1982. In an gxanplLe.of the Lord et al. system a
“video input iSpiaYed images ﬁ?a¥?§iﬁ% #ﬁﬁﬁ%ﬁ?'Each stored field is
recovered or "read" twice fromthe nenory and di spl ayed on a displ ay
scanned at doubl e the Line s el . LLcomng
video signal. 25 Th tﬁ%%%ﬁﬁ%?t§#g$§f&§§#ié§S%§;¥#§£§réigk$ggea and
wite dlocka drelefeisien Aisplaye system s a fynctiomacf dheiflicker|t
woul d be adv@gnd ' af t @ Leal heNshe! A4 Jhe grd@rynéead and
wite clocks to nmu ??p?gg gggt%ggbo cwéﬁﬁbggrﬁpgn %Egg%g;ce frequency to 30

thereby si myesss chisphaysnbaveadnasreasedolni Rrightness & e 1 peinty

cross- col or wafdret 51 feRee!t her notdrsddisbe ceveni iacrelativiely avighi fhgrd. As @

eooan 250 el T DRUACI n S NERDLadRe ) B, Br R At 10 2
di spl agsd i nagchowdenfiboddvirdee isysitemsgfeal gis PAL-SOHz)X.andarsblibion As
used herein. § g {0108 e 337U d&lia the'¥d81a° HHY %nd ddible (or
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,
20 1982. In an example of the Lord et al. system, a video
input signal is stored in a field memory. Each stored
field is recovered or “"read" twice from the memory and
displayed on a display scanned at double the line rate and
double the field rate of the incoming video signal.
25 ' In the Lord et al. system, the memory read and
Y write clocks are derived from the output of a sync
separator 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
30 thereby simplify chroma demodulation and to minimize the
| possibility of cross-color effects and other undesirable
artifacts in displayed images.

As recognized herein, however, the use of
35 "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
used herein, the term non-standarad refers to video signals



& ' t
wherein the ratio of the color subcarrier .frequency to horizontal |ine
frequency does not conformexactly to-a spe2+fied broadcasting standard
(e.g., 227.5 in the NTSC standard). Were, for exanple, the video source is
ab video disc player, a video cassette recorder, a video "gane" unit or
some ot her non¥hefiedd the Hatdo 19f Hhe stoloncsnbeattiey fuequensy ey

significantly. h‘eﬁu&dmll tLlﬁ&efﬁtfﬁ@z& ffdaéseﬁoéae%fér&péiésbﬂx Fana
horlzonﬁal l'ine r.i t eral, bhe (assum ng

wite clock). sﬁ%?ﬁ#iﬁﬁquﬁaé%§§ﬁ?%gd%ka5€?F€d§ecSnta?%@dsmﬁﬂhtheoﬂgsc
hori zontal i nfs‘qmrdaxﬂ) J N Witenss, vmﬁSexmpledl thervides ébﬁr&éaméaad and
this diffegenc actloqg part o one 8 The_deviation -
of the nunber 01‘l sanp %91‘%3@?1 a_LSVJ' %%rc??ﬁ% ?oﬁ?gﬂ’é &FandaVd £810) is
difficult to dégama't tumaz:an;sest)nle rethes enos~standaedssourcé, t thesanpl i ng

signal ol ook pRAsS i BNRRleddy 8] OTREYaboT LEOR B CaXRSYOTAL U0

signal phase. The effect o ecessl on kew'
t hat hor|zontaFﬁﬁ“%WKJQQQWQQﬂQRF O%d%UQQQaﬁémphﬁ%ughbﬂﬁléachnfBeld scan

Mor eover, in ahfdﬁlczl&{tdleqlﬁ{é FYEd 8. YDehse 2 £ﬂh§éﬁa£a§ Fee Bead cl ock
i s used mnth doubl e ard rate deffecti

dlspl the 8
Fsc read &Pock { na qx}ér%%et °<2h)def1”éem%bm-‘|9 bé &%GbFéOHkat
of the 4 Fsc (weﬁmdﬁiontdméa mmlmernbﬁizdﬁtap 1igelpeiried)i Qg
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|nt§%yaI38r flqﬂ}ﬁﬁengndnlmax;xhc&nﬂe|auﬁraettbnaMeparbgoﬁsonaaplkeﬂes The

e effects ma cLHr or,
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undesirabl e artifacts. In vi fore 0|ng one
pr e- pr oced$i ng PE%Re binee£amykhe Frandand " EBeed- ip" dlﬁf%ﬁéltl r-ekéueal with

reduction proces@iudd B MigrederedVenbre8aksien of! ﬂﬁebéﬁﬁgiﬁhbe%h%al
(TBC). Exanples of tine-basge correctors suitable for use w eo 't ape

recorder (VTR) Rhase Kifh cespecyitenthe £P€PmFﬁgeHP§1§°§$9q198 of
Ito et al., andyhchbhi¥ihgfsimdl pledeen | Ther @ffattdokythis precession

or "phase-slip" or "skew" is that horizontal timing errors
20 accumulate throughout each field scan. Moreover, in a
flicker reduction system where 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
. 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 rednction processor (FRP) with a conventional
35 time-base corrector (TBC); Examples of time-base
correctors suitable for use with video tape recorder (VIR)
reproduced signals are given in U.S. Patents 4,249,198 of
- Ito et al., and 4,443,821 of Kato, herein incorporated by

sc



3- 1 reference. In lIto et al. a dlgl%%fed vi deo signal provided by an
un-synchroni zed VIR is stored in the C nmenory (one field) and the storage
|l ocation as well as delay prior to storage of the video signal is

control | e%&é&d&éporﬁe 1o lde Pasg &iéi@iﬁé&%?&&&’egﬂghgf i ncom ng vi deo

synchron|2|ng 5|gna conponent s and a constant erence 5|g e.g.,
"house syRIOWE edﬂ§¥'HR:Q#’%¥HQ#¥%P%{EQ|YTBaiFysﬁﬁﬁﬁéséédt 8 38 rectji.ng

intra- Ilnmewzqcl(tdnearfmmpfam\ﬂﬁrmﬁdqéeﬂoeaemah agdweng! 4ges a \1o

vel ocity err.ar_det.ectaqr for detect o& ty errois in s Zi e l'ines
of the vi GBI FRACTQ (BHPTA9S Fhrihs videalsfandl,is eBREERTIREr ar the
out put & nduréﬁﬁbn&ennqrth#Lghaserdaféeeenoé batweeretheaintemifgi xel s)
read out : i 0. e ted y 15 error
Cooh her iREd KBRSt 26nd 24 LodbohdficdoaRll S0cHELRRREY 2P FUTDL.

| evel thaﬁeﬁexen§§LSiﬂni%uﬁ#egehoﬁh@uﬂav%YhGh"ht tﬁhetTBG of Katoread read
if there H%dtéereﬂa]1| Onaﬂca;aﬂ CAddréddéd - tétcéfrf.]éﬁfﬂ zﬁef?e hg that the use

of 20 conven tlne ase correction tec solve t he
tining pr Q1O ShQRFAES 2F i & mmr%m@.shgwaesné. %pcéydgys@ems

The praly g@ldeifty Eedror eub@éet@&r S 533 ed@teewhegeeeﬂaéﬁt héﬁrétﬁeiﬁase
na s wherein there 25

may be o FUACRIRAPLITRS REtERS (T LURRFLIRAL WEHECRILERP SROBPFEY | on | <
ef fectivelay saﬂ;imeolmenébwcmpemm:e aeamego@tpﬁeeospend-mcnmemyy The
2 or erent LG T TARER 06 Jhodd SERYTLE' DOTkalefoRRRI o0 T o0 orS
witten. froﬁl rtﬂie/ metaryl as m finctien ofdthei d;etdctedayekgei’em the fi
3???;?1{ I né by I I ne t an t% Cj;r)f"ge‘;e efjbfgt?ﬁ€hléé$l rs Qrabféd gpg:‘gt ;gghcfgad
oper ati on Mﬂ%m‘é he Rguak ty U lﬁm%hshha‘éntM| Eﬁadso\atf saoplenal
part of aghotAld iHEvY \Hld dOreKy imd fit 6fds uaesarfeaaeﬂf £R8FeCRAQTS -
been no velocity error.
It is recognized herein that the use of
20 conventionel timefbase 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'veriatien of the number of pixels per line and
this variation ie effectively multiplied by the double J
reading of the speed-up memory. The aforementioned
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



caused by . varlatlons of the nunber of plxels per I'i ne due -4- 1 to a
non- st andard S|gnal tend to accunul ate as previously mentioned. According
to the present invention, a television dlsQIaysysten1conpr|ses 5

a video source for prOV|d|ng a video input 'signal of a given line rate and
a given field rate; a clock source for providing read and wite cl ock

si gnal s, synciir&al aeﬁoﬁ-sﬁ&wd Bigrial)l ¢endl M%c@iftﬁiémry neﬁs coupﬁ ¥ to

subcarrhﬁr Co of sald video I nput 10 signal

said sources f | east one field of said video input signal and
for providing to displ aymdmn@ \tol @he0 pirRglent’ dM¥entIEm l\i_gaaﬁ‘élévid;airﬁ
N-tinmes said gi,yen.field rate and line rate at 15 | east tinmes said

given line ratgxsﬁlﬁgiﬁaqﬁ$q ﬁﬁﬂﬁ? §Feater t Han unity; skew generator
neans respon§ive to at' | eastides douricee foroproviidgiing anwidec input

o ook w50 EAEAC e o ch R0 rtl el ' Haolell A YRS T
and a read cl ock skew i ndi ma:gsgw fm‘r prastiding: reash\end dvfitencluak

an ef fective dof &?%%ﬁ%aﬁbﬁﬁé sal dbeste sk %.g??'%ﬁé Sk

function of a s‘i-nMrel n said
del ay neanslooggbhgg flrst nmeans for delaylng sald V|deo i nput signal as

?gtgpgggs?nfggfgl22ng:ysa|d mmliﬁﬁ&%gggu%Hég Indé%@%ng S|%nal r|or to
Sal d video out pitf l¥agtilonts field of shu.acwaeoofimtd SRR X |k ﬁtew
cating si 9p2 ARG e spaatF Aebiike’ 2" Vidde RIUY dRAY naving a
field rate N-times said given field rate and a line rate at
15 least N-times said given line rate, N being an integer
' greater than unity;
skew generator means responsive to at 1east said
write clock signal and to a2 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 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 wvideo output signal
~ 25 as a function of a difference between said skew indicating
signals, wherein said delay means comprises:
_ first means for delaying said video input signal
~ as an inverse function of said write clock skew indicating
h .signal prior to.storage in said memory means; and ' ..
30 second means for delaying said video output signal
. as a direct function of said read clock skew indicating
'signhl snbsequent to recovery from said memory means.



The invention is illustrated in the acconpanyi ng draw ngs, wherein |ike

elenents are identified by like desigrators, and in which: FIGURE 1 is a

bl ock diagramof a television 5 - receln%er enbodyi ng the invention; FlGURE

2 is an alternative form of receiver odying the invention clainmed in

di vi sional application No. 89147011 FIGURE 3 is a timng diagram associ ated

with the 10 receiv AR dsa RLock
offe Of n¥d is fﬁl&stﬁn%@orﬂ the aégﬁ@bkﬁg é

di agram of . skew neas remantsie\ arat us sult se in re ek g~ of

FI GURES 1 SRAYiNISy etementaREeh hdentifiied Wi hikme 15
appar at us ddsidrid#drsl, andhGE ﬁqicha bl ock di agram of a del ay device
suitable for use in u/er f GURES 1 and_2; GJRE 7 is a
bl ock di agram of an w S%Je lﬁpgeﬁi%?‘? of ci Fﬁg?ﬁi‘ﬁlgﬂl table for
use i B theréhhiveacamhndymg Htl&JRBSlémanan ~The receiver of Fl GURE 1

I ncl udes an ant enna to 4 erqg - COD tuner,
anplifier and video é ec |%nni)§un? ﬁg%@?ﬁ%%‘gv%n#g%ﬁa?il g‘é&ﬁh"?’a the I nput
of an analempadyin |1ﬂa¢ tnyertien qlaimedtin dieisponaisappliFatibdnl at ed
vi deo si gned s BFpl ¢l terminal 10 to provi de a baseband anal og vi deo

signal S1 which is converted fo digjtal form(signal S2) in (A/D) converter
14. The RF signal (JSt¢EREH IRidr g 39 asseebatedqwhbhakhant enna,

a tapaeor eqattivers ded EEGURES OL ammpzu; er or other source. An auxilliary
(AUX.) input termn pr ow d ng. t he anal og, baseband

vi deo signal S1' géﬁ%“ﬁg%u? 'ﬁ%‘gbgf%% ‘?‘B FIPA B gkﬁ"deo out put .
The digit umsuneimm@paraﬁms ssmﬁb]aei for ause imdehepreceiveng ofit 18-

of conventg f?%?ﬁiﬁ: qis jCh provi des various processing functions such als/
ration, Tum nan

col or sepa ‘ce peaking, contrast control, hue and saturation
control, etc. The prEkSREP i%ed %irgxm &agram associated with the

15 apparatus of FIGURE 4;
FIGURE 6 is a block dlagram of a delay device
.suitable for use in the receiver of FIGURES 1 and 2; and
FIGURE 7 is a block dlagram of an alternative
speed-up memory architecture suitable for use in the
20 receivers of FIGURES 1 and 2. '
The receiver 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

Yy

25 processes RF modulat_ed video signals applied to terminal ' \} -

10 to provide 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_defined) may be
provided by an'antenna, a tape recorder, video game,

30 computer or other source. An auxilliary (AUX.) input
terminal 16 is provided for obtaining the analog baseband
video signal S1' from a source hav1ng prov1slons for
baseband video output. _ :

The digitized video signal S2 is applied to a

35 video processing unit 18 of conventional design which
provides various processing functions such as color
separatlon, luminance peaking, contrast control, hue and
saturation control, etc. The processed video signal S3 is



1'applied to a burst |ocked cl ock 20;t(jiﬁsync_separator-zz and to a
flicker reduction processor (FRP) 24 (outlined in phanton). dock 20
conprises a phase | ock |oop (PLL) keyed by horizontal sync pul ses FH
provi ded bylsgppliedefer & durst tlogkes,iclogk R0 ( MR aaine isepyrEfor| 22k
signal s havin r N@ ey - %E‘s% r i(@&t- :
frequency of tqﬁggg’rgr @g&%éég}f!%ra%r%?&ﬂgﬁaﬁ urSI?;&Mizd%o Sl lnlgf‘e%?&n For
NTSC antePAL Phanserd -vi &4ekigh comprdses i phasg: lagk B ®likkquenci es
?re o abOl(JngéyaaB d ﬂwidtoﬁlamﬁwl’pd f 2H Wd&rid'@tfhﬂxﬁ%&zfd OICk f th
requency S LS. douhle .t he wi ¢l oc quengy i/ ~exanple o e
i nvention inr .ﬁﬁi"é‘ﬁaﬁ:ﬁg 22351%?"}?5@1#0&% ((Iilrlﬁe)a d‘"\'/’eqﬁ i@) fqalg)ﬂ‘rat es
‘are doubl e thsignadsi hawingeEdquenices ilbakedittas .eildht-times and’he field
‘rate of the vj _$ls [ é&ﬂ&ﬁ ' ' r | .Qn DI O r..24 by
means of a spggg?ugl?r‘%%oﬁ ;‘?}%56& as w ﬁgpléepcgeﬂséc%eoc# %é%ﬂ}%e%&ﬁ&
stores each | hburst] Pfevdded sighadnSX. elRpy NIKC rapd iRAledstandard _
previ ously st f is | S5l I 3 . it
Goubl i ng the TLorg pEFRt BIEASIS %&%f%igﬁ%%dﬁf*%%‘%%%y RS ut

fields arelfr 3B08&d 1dusilfy M andd 7 .34 MHIZ offesReC IR ng Thee|xpad he
line rate of gheck ¢eequdndy (FFEH) i qUUBlEkhd fwriltd X IfbdieritP O
the | fne rat oLf kS SRBPLSGE RS (RHCTRAAT: 1 WL (A HLSREX) oo
out put si‘gnal htt¢izeontal i(ddne) andverdicalalfidly trdtdo-araldaulld Ahe
Fowerter and Rkt Yulaetd LGP RINIS U 4 (o analog K G B
processingignits 32 andThe fiedgectateciof theubtideadesigrajuatisidatleled
ceparator 22 Hqficked" Fedubeldif sEacelect oy T MhaARP S FbdNA RN o
synchr oni zi ngmeneryi S8 &8 Widdp be desardhesh Sriefily areeénqnm&acﬁnqﬁﬁs
signal S4. Si Baen! hecoming fAleld'dhd)e¥s 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 incoming 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. ' _
o 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
”videc output signal S4. Sinc_e the field rate has been
doubled by repeating fields in flicker reduction processor
~ 24, the number of lines per field of the displayed images
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repeating fields in flicker_geduction processor 24, the nu
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Dot #rbiect topphasefesnersi bskewdnofi ebe5elankt
G 1HLIRAS 1€d WYY t OPhd 2y Hleh "CYECRNE0 of FIGURE 1,
however, is locked to burst and therefore the system is
sensitive to clock skew errors because the lnput signal
will be stored in the speed-up memory with one phase
relative to the incoming sync and will be recovered from
the memory and displayed with a different phase relative
to the display sync. If uncorrected, the skew errors will
result in undesirable visual artifacts being dlsplayed
such as ragged vertical edges, pixel missalignment and |

‘whole pixel discontinuities during occasional lines.

30

35

In this example of the invention, skew errors of
the write clock are corrected prior to storage of the |
video input signal S3 in speed-up memory 50 and skew
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 fourépole'two-position switch having input:and
output sections 56A and SSB, respectively. For the switch
position shown, input section SGA applies the wrlte clock
signal FW to memory 52 and couples the video input 51gnal
to memory 52 via a delay unit 60 thereby storing the video

e

S3 |L)

cker
54 and

bl



35 out put sections 56A and 56B, feépect_i‘veﬂ‘y.._. __'_For the switch position
shown, input section 56A applies the wite ¢lock signal FWto nenory. 52 and

coupl es the video input signal to menory 52 via a delay unit 60 thereby
storing thelviBeBt signalpgd dngmemogy 52 AR AmBRrERg idpuritendkewrite
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advanci ng i1Be signal S3The dedayi AMPagsed iteh the tden daruts sdignadaiiy e,
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the delay-of 30, unit

initial deIawaéFﬁ.Flgggw%kkyﬁswhﬁggggg gé@gﬂﬁﬁgyggig{ '|§%g§hggg}gésin
speed- up nMenvpyob@ssting kaitdg2skededtorieditin a latch 70 as will be
described. Aﬂ inverse reiationship 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" correspbnds to the
"peribd 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
/ 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 50 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
35ftherefo:e have essentially no skew with respect to the
‘video input signal. ' | ' |
' The write skew information comprises a five-bit
 Qord which represents the time interval between the



Is, it will be stored with a skew of essentially zero wth respect to

hori zontal sync. Al lines stored will® 35 therefore have essentially no

skew with respect to the video input signal. The wite skew i nformation 1
conprises a five-bit word which represents the tine interval between the

-9- center of the horizontal synchroniZ®ag conponent of the video input

signal S3 and the | eading edge of the last wite clock pulse preceding.it.
(FIG 3), waveforns B-and C). This tine difference is expressed here&ﬁkln
terns of @enﬁ%tttqfor@%fhmz@y@ab synchronizingctonropentodf th&he 5-bit
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defl ection
15 (B) is labeled "Primary Skew" in the drawing because it is

used for two purposes in the flicker reduction processor.
Firstly, the 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 iﬁ_speed-up memory 50 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
horlzontal sync of signal S3. .
The second function of the "primary" skew ‘data “'\,J
25 1is to provide a basis for read clock skew correction by
delay unit 62. Recall that delay unit 60'only "de-skews"
the video input signal S3 with respect to the write clock
skew. The read clock signal FR is, however, also skewed
_ with respect_fo the double line-rate horizontal deflection
30 of display 30 when_non-standard signals are received.
Each 1ine'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. The read clock skew therefore must 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



30 of display 30 when non- standard Si gnal-slm-re recei ved. Each line read
fromthe speed-up nenory 50 is del ayed by delay unit 62 by an anount equal
te the skew of the read clock with respect to the double line rate
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a given val ue need onl ?/ bled to represent a read ew-error of, each

line read dur ¥®§overed (fxom sreed-up B At Fhg SRt 195 Writed
M2 of FIG 3byc'4‘é equals twidythe Malud of |thd etk ldedipr Emdepd twce

2\ oKLY 29 gl M oty Wi b et d ST REE ST  H5 P
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the read cloclejrst 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+l, M+3 FIG. 4) would be
' displaced by one line's worth of accumulated skew thus
25 producing a serrated edge effect in displayed images.
W 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
_j skéw 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_"secondary" 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



skew for displayed |ines which beginin the middle of each 30 wite
operation (e.g., M1, M3, etc.)..The'equnate of read clock skewis
perforned by arithmetic circuits in processor 32 and is referred to herein
as "secondary" skew. The calculation is made in uniit 32 by nmeasuring the.
period of tRAeFHndefilagtion foxt all3dinew medd cfromlimémbry Sdedweingd by
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is illkstralatchnte delaybynikvéRerm D (not to scale). The primary skew 25
' 3\2’\‘/; ‘;ﬂn :c gpetswl\)/l c:w(;c h@tgfﬂnﬁr&dﬁﬁw fs'e%n@ér@ SR Wa Prddadd g&gl
processor 32 could be coupled dlrectly 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 prqce551ng unit 32 avoids this problem by sending the
primary and secondary skew data in time division
multiplexed form to flicker reduction 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 O/
identifying “preamble" is followed by a five bit word |
representing the primary skew data. The secondary skew
data is sent at the beginning of lines M+l, 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 synchronlzlng component of the video input
signal s3.
The skew data is demultiplexed énd'stored in
latches 70 and 80 in processor 24 by means of a serial-in



i’den‘tifyi ng "preanble" is foll owed by a f;\ée bi t word representing the
prinmary skew data. The secondary skew dafa“’s sent at the beginning of

l.i nes Mtl, M3, etc. but 30 |s preceeded by a one clock cycle preanble to
identifyit a ( a Walanf kew
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input of the $ecedtputshare apvéledatoet@a@ ¢ihe zead latch
~illustrajed byowaygf eRMgatenokl.G A%cotﬂaa.rﬂl' ra\‘.-', &'ﬁ%%aﬁté& ored in the
wite latch 70 at the sfart _of ech I ne bel wrltte in s %é)rrermry :
- 50. As shown ¥HVREGEROEMLR Ftlﬁe a%a i1t g1

~alternately stne_edrmeliatcmaorea:dﬂlmdta%t oﬂ'raaqlillmirqmécmgdatﬂttm
e for CO Tt AR HIReSkalclly ° WP UnRhTR s Al ¥ 1ot ch o1
sebohdary skeprimazyi andssecmdaam stdatmmeramnnaat%ucmtprmf
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addr ess count@PrFﬁ§$1§SbWHF Qﬂ?QQPq¢nﬁ19R%§t$RF rdk Rtions
for each |'newh%ﬁnat@&@i@‘du&g.@wsﬁﬁfﬁ'@fhﬁﬁ& dadi white
operatlon (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
reSettinq the read address counter (not shown) for memory
So'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
w " 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
applled via a multlpller 600 to one input of an adder 602
N and via a cascade connection of another multlpller 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 signal
'S4). The multiplier coefficients (K and 1-K) are provided
by a read only memory (ROM) 608 which varies the gain of
H’lmultiplier 604 in direct proportion (K) to the skew data



25 necessary to inpart fractional clock period delays to both the video
i nput .signal S3 and to the video outputigignal S4 as previously explai ned.
For this purpose the delay units 60 and 62 may be i npl enented, :
illustratively, by means of a two-point |linear interpolator as shown in 30
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of FI GURE 2 fjpe 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 S
video signal S3 and the arithmetic operations of adding a
constant and subtracting the w_rite 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 there_fore 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



p;rovi'di ng all delay for clock skew correctlon subsequent to speed-up of the
video signal in nenory 50. 25 o =34~ an overview, in FIGURE 2 the
wite clock skew signal is stored in the speed up mem)ry along with the

. video signal n e grithnetic operations, of add opstant and
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data stored in latch 80 is doubled in mulitplier 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
U 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 wfite clock skew errors concurrently.
30 The delay correction, expressed mathmetically, thus equals
- X + 2SR - SW wherein SR is the skew of the read clock, SW
.:1s the skew of the write clock and X is the constant used
to avoid "negative" delays. This correctlon 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.



calculated in unit 32 on the basis of. the wite clock which has twi ce the.
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one clock period and is added to ensure that the delay correction 25
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30

hase 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
count equals the period, T, of the horizontal
synchronizing component, FH, of the video input 51gnal s3.
The period of 51gna1 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
418 and applied_to accumulator 414 which measures the time
difference between the center of pulse FH and the
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
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

35

NTSC standard signal. The period indicating signal, T,
thus provided by adder 416 controls the threshold of

‘comparator 412 thereby locking counter 410 to the

horizontal synchronizing component of the v1deo 1nput
signal.
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20 ‘count equals the period; T, of the horizontal synchronizing conponent,
FH, of the video input signal S3. The peértlfir.of signal S3 is determ ned by
means of an accumul ator 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
~accunul at or 414 whi-ch mYReT Songtandardiisigalt Agrpeeived et er of

pul se FH and .peeiodc of coutiter 21RHHA1 DECiP WO MBHPrayisesumly égqderoder
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of the wite &0 Provide the Dmghionfofcderesting the skev afsbhencl ude

t he—Skew err ok, 3RGASRAK dnd VOYHE AN AP Iy PhdwCetfor 16 £88BHEFNED
el ements _of PLL 402 provide the function of detecting the skew of the wite

cl ock andScor %@y the skew error of the period 15 * signal, T. Skew
errors are detected by rgiw efroxs adrd défected by means of a latch 422

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 be 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
. 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
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 fof;adjusting the period of counter 410.
Skew detection was based on the assumption that
the period indicating signal T correctly represented the
period of the video input signal.  From the previous



and an adder 424. Skew, it will be recalled, is the tine difference between
cl ock and sync expressed in fractions of .a'clock cycle as showmn in FIG 3.
If it is assumed 20 that the val ue of=li#e 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
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Accunul at or gdi¢i R§SeAL! abbumiAAtYeTount 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 méy 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_circuiﬁry for
transmitting the skew data to flicker reduction,processor'

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



the dreas’ of pul se FH which preceed (Area 1) and follow 15 (Area 2) pul se
M5 (Waveform B). This may be done by sétT O the accunul ator count
initially to zero, decrenmenting the count in proportion to'the nagnitude of

- pulse FH at - e cycl ver
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express the rexlddr i480 eisruséd 3o generate! ackblecleneczatel (dCki.QN2-H)

t hereof). Ske roce 404. | | udes_arithoetic gircuitry for
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peri od signal thdduntePesi 1'99@& Qaébngﬁahﬁegiﬂﬁbgédth@éﬁﬂﬁ:d@%ﬂf&i
(T/2) signal and the wite c rimary skew P is the sk gg of the.read
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the zero crossing time of the ramp may be adwvanced 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
prqvided by zero detector 422). By this means it is
25 ensured that any change in the position of the line-rate
W © (1-H) pulses will be tracked exactly by the double
' 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)
register 440 which is timed by pulses produced by a zero
~detector 442. A line rate operated switch 444 alternately
35 applies the l-H and 2-H ramp signals (from subtractor 434
and adder 436 respectively) to detector 442 and
alternately supplies the primary (P) and secondary (S)
skew data (from latch 422 and adder 430, respectively) to




data") thereby producing an inverted ranp (as shown) which begins at a

posi tixve val ue deternined by the val ue ofgthe 15 del ay control signal and
proceeds through zero to a negative peak. Zero crossings are easily .
detected in digital systemand by varying the delay control signal, the
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and adder 4%&_ ngeﬁfft ﬁd4 a gm?hheaggtghéwsgggbgi% t he
primary (P) secon éj%% 0,
respecti vel ;t)rqrb SWit.I_CIPI 4amnd gmates dcmbﬂeu é}éaesrnltsod&faec(tlmansm t
the P or S:gga%éggzijpﬁj|§g§rdi§§y 9@ prgﬁgs§gh 28y WB%I E@e 1-H or 2- H

ranp signal recei ves equ§$s Zero. tch 444 s contro by a flip

flop 446\MM§HPQﬁ4ﬁ§R% 434 15 detected by (3. ¢$°8€PFe6590ﬁ°pﬁF§¥§dﬁréduced-
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Phase corred iphaseadetéstorceés2cshitle compares the phase of flyback

pulses FB produced by a deflection driver 454 (and
digitized by a converter 456) with.puise MS'. Since the

20 master sync pulse MS' occurs on a clock edge, it contains
skew errors which will appear in the output of phase
detector 452. These are removed by subtractor 453 which
subtrécts the skew data of processsor 404 from the output
of detector 452. The error signal (at the output of

25 subtractor 453) produced by detector_452 is low pass _ .
filtered in filter 458 and added in adder 460 to the v/
timing and skew signals provided by switch 444. The
integer patt 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.

»e



S| gnal of subtractor 434 and the tining .agd-skew signals fromsw tch 444
and generates double line-rate deftection signals (2-FH) for display 30.
:The ranmp output of subtractor 434 is detected by a decoder 450 to provide a
15del ayed, |iAecordinglyH) skewt erroysc whikhe a(mSc)orremdimmndlel ne rate

sync pul ses 2 P y phase |
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repl ace by a one menor provided with i nput and oyt put
buffers 704 afde¥dscan begln as soon as half the lines are stored as

- shown by the associated read and write timing diagrams.



respectively. In operation, buffer 704 tinme conpresses 10 each line of
the video input signal to be stored in the'field RAMso that data can be
read' fromthe RAM between each wite cycle. Stored lines are extracted from *
RAM 702 in groups of two or nore lines at a tinme and stored in the output
buffer 706 for subsequent readout in serdlal form 15 This nenory

organi zation all ows the equival ent of S|nultaﬁ€6U§‘T§HdTmrr%e—eperat|0ﬂ~so

that read out of a field can begin as soon as ar e stor ‘as
shown by the associated read and wite timng ﬂ .w,? CLAI M5 1.
A television display systemconprising: a video*source |d|ng a

video input _signal of a given line rate and a given field rate; a clock
source for9§é5&§ding read and write clock signals synchronized at integer

mul tiples of the frequencyA dfelevddion sd]itsp]ray esysn:emcmmpri:sirmi d ai deo

i nput signal; nmenory S e g at | east one
field of sai d vi deo |"{%% ssl%g‘{r*z% z%récfof%rad r%Cf%ﬂlto di %‘l{]

mfrov ay device a
vi deo out pstignadnaf lagiver Ying rate and ta r@sv%}'alﬁl-%]ld'elfﬁﬁﬂel d rate and a

line rate at |east Ny idiessaidhrtel bt 'ﬁFodeﬂu% Nl i D€ IS0k eat er

than unity; skew generator neans responsive to Iea said_wite clock
“signal and signals synghraniaad aty hRase Ul deke i FrRAueRhal for

provi di ng Mgl iy 10r0 Gubidean id¥l sotiparierst gmlsaim \eméblimtstored in said
menory neans aégaa read cl ock skew indicating signal for each line
recovered fSigRaHi d menory neans signal; and means coupled to said menory
nmeans for inparting aensrieciearns ctn:bwgleda wacsaid reowrfcesi fowi sfeor bng put

ohdrel ooty Ul A o ey Fotdbers e Shgnl s sips 5l oncls
I nput 5|gmprov1d1ng to display device a video output signal having a
field rate N-times said given fleld rate and’ a line rate at
least N-tlmes said given line rate, N being an lnteger
greater than unlty,

" 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.videb output signal \
as a function of a difference between said skew indicating
signals, wherein said delay means comprises: _
first means for delaying said video input signal
as an inverse function of said write clock skew indicating
signal prior to storage in said memory means; and '
second means for delaying said video output signal
as a direct function of said read clock skew indicating
signal subsequent to recovery from said memory means.

L)
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as an inverse function of said wite clock skew indicating signal prior to

storage in said nenory neans; and second neans for derayrﬁgﬁmmﬂiﬁﬁkak——
out put signal as a direct function of said read clock t|n
si gnal subsequent to recovery fromsaid nmenory neans. ,ﬁ@

systemas recited in Claiml wherein said ~@dsw generaton

. measur.enment neans coupled to said video source and to said clock sour ce for
provi diwag a prinmary skew indicating signal representative of a skew error
of said wite clock signal with respect to said Iine synchronizing
conponent of said vide@.i npa ddisplaly aydtlenr as aecditegl drsddaidarly skew

I ndi cating sgﬂ?gelge aKQQSk n€%®H@é@wHﬁg ﬂyy |ng signal; and

means coupl e &hi §reaSire means er|v sald read cl ock skew
i ndi cating signal fronmeaisgnement: ymeans,ycowrilesk |tmg @@n&ld@m Squifssai d

secondary Skeflal B SN GICH Boute HbrTWredn o ittty ket er val s.

3. A display systemas recited in Caim,2 geln sai d neans%ou dto

sai d measur efBALCAtdRg @éﬂ&%ké@%@i’d@%&n? HE SHEeRs & si ng

sai d p(rj i mar yw&ritieseq@mkarsngsiaqwmrtdi Q@sp@wwadamd Qi dwiddtalizmately

in said storage nean n cti,ve line |nter | i. deq, out put

signal , and ﬁ’ggﬁ’é’nle&i % é%i/é’ o RN iShe "’Vg ?eo fpsﬁa%‘g"dsﬁtrgfead skgw

i ndi cati ng sisgicandaryp skewd d redicd tias sdlgnad siemnveﬁjum rgpigd primay A
di spl ay SySt%%k%”@ﬂ&?@ﬂéiﬂg’é%ﬁ#ﬁ%“” ce with Figure 1 of the

' r

acconpanyi ng ngs on i en together wth any of Flgures 3-7.
U 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 during 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
W} indicating signal to provide said read clock skew

indicating signal.

_ 4. A display system substantially in
.~ accordance with Figure 1 of the accompanying drawings on
its own or taken together with any of Figures 3-7.




