. ——— —— e o O i e e = et Wt e eTTeee——

1- . TELEVI St ON DI SPLAY SYSTEM W TH REDUCED LI NE- SCAN ARTI FACTS Thi s

I nvent ilon is divided fromapplication no. 8311282 ("the parent 2“-!-012. [/
application”) which relates to a tel evision display apparatus 5 such as >§[
tel evision receiver arranged for reduced visibility of line-scan artifact
resulting frominterlaced scanni ng,of the scene being inmaged. Tel evision
receivers, and nonitors presently rh~use do not gi ve the best pictures which
are possible within t/ZEEEVISIONRISPLAY SSYSTEM eI THAaREDUCED st andar ds.
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A ma;or_problem with 525 lzne-per-frame, 30

frame per-second (525/30) scanning systems_ such as the
20 NTSC system and in other_systems'such as 625/25 (PAL) are
those artifacts which are derived from the line-scan
process itself. The artifacts arise mainly due to the
interlace process in the standards. Interlace is a
technique for-"shuttering" equivalent to the shuttering
process in motion-picture technology. The purpose of
interlace is to increase the flicker rate of the picture
being displayed to reduce tHe'perceptibiIity of the
periodic appearance and disappearance (flickef{ of the
30picture. A high flicker rate is desirable because it

gives the appearance of a continuously-existing picture.

In a 525/30 system, 525 lines are scanned in

1/30 second, giving a .30 Hz sawple rate.  The interlace

process divides the 525-line picture or frame into two
35 successive 262 1/2-line fields termed odd (lines 1,3,5...)

and even (lines 2,4,6...). The 262 1/2 lines of the odd

field are scanned in 1/60 seconds, followed by scanning of

an additional 262 1/2 lines of the even field, with the .

even-field lines occupying the spaces between the lines of |
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\the odd field. In effect, the raster scanned by either field al one
Jconsidered to create a white or colored image interleaved with an
sodl at ed bl ack raster (FIGURE 1). During the next following field, 5
the black lines of the black raster of the previous field are overwitten
by the white lines of the following fielf, but rather than elimnating the

visibilify b ragfe ' |
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Another art ch%E:E&aFﬁﬁ&ebin't&%h%adw&&ﬁnahnanmeauh.hteﬁr ®lakke Visibility
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representative .of the sc |ses _ gsponsive to
sai d int er| &3&H4% rﬁ?%”cé{’ﬁ‘ﬁé’d VW é‘(fl% agr‘?’ﬁ'l &7 egegng%a& r%{ successive fields
of a first pwlmgeezange.non-field-interlaced video signal alternating in

each generated Tiel o helyal |esy e WA B ety decpal d T nter| aced.
signal s

scanning results from the visibility of the scanning

15 lines on the edges of moving objects. This results
from a difference in position of the moving object
from field to field. The edges of objects in motion
have half the nominal vertical resolution and take on
a ragged or serrated appearance broken by the clearly

20 visible black scan lines. FIGURE 2a illustrates the
effect of a black circular object in motion on a
white background with the serrate edges clearly
visible.

According to the present invention, a

25 system for producing an image of a scene which is
line scanned in an interlaced manner producing frames
of successively generated first and second fields of
field-interlaced line-scan video signals, each frame
of which is representative of the scene comprises:

30 means responsive to said interlaced
line-scanned video signals for generating successive
fields of a first progressive non-field-interlaced
video signal alternating in each generated field
between lines of é*é;;;éat fields of said interlaced

35 signals;



-2 a- 1 means, including storage for at |east one |ine of sajd,
vi deo signals, responsive to said interlaced |ine-scanned video signalg f
generating successive fields of a second progressive 5 non-interlaced védZo'
signal alternating in each generated field between Iines froma field
said field-interlaced |ine-scanned video sign&las and interstitial |ines
derived solely from adjacent |ines gf the sane field of the
field-interlaced signals; T§ans includipg,storaggoforvett 4ea8Fdonat erl aced
Llne sFanned chkﬂinﬂ @ﬁahalﬁOVLdebeetgﬁﬁlEQtrQprﬂsieédtécgaﬂd gnd geans

or selectively di L rogressive non- i.nterlaced, vi

signal in the 15q sence ofigég %ﬁaﬁéﬁg §d8°s§&8Ha Sr 5GF egERGEALLNG
non-interlaced vistgsessjvel fiieldseofr esercendfl progressi®é 25 -3- 1

FI CURE 1 1 epr 85 Ciich-Arredaedal F3880C83LARYI A9eaBRatEAL1A! ehBhOT MLl ON and

showi ng the "bl ack raster resent ane_Image of a
nmovi ng circul ar GSRESEEEs SF&}deS§WPﬁPeFF&§§dfFPﬁeanleléc@ﬁnSQsthomﬁng

1?rb sgrrat ed- e]gge fefélerruntEhGHBEB %mads&anhlem&aée smgﬁhgaﬁaﬂaagram form
embodi ments of the.inven t he .parent, a c atmhi ch | pter-

pl ation of succeg'g’lt\%ﬁ &fégqggﬁgﬁﬁt QErH{f’Qr §BRF#‘X %FP ipgs af sphey;

FI GURES- 4, 5 and samehdeldetdi theofiehd-éntedilaeet sighaTHRE 3 and a

modi fication tereof; F'GUREaKs'§e§ﬁoﬁ§&9§n@5'¥?1d lnFerlacga'ng RELLLCR

field-delay nmenory for generatin terstitial play; -
FIGURE 8 is a tdiid@~§cgnneg, U&éeasﬁlggééisvépru desepmagmgtme dinspl ay;
FIGURE 10 is a disadida@cein@d;n@ndn. understandi ng of the arrangenent of

FIGURE 9; FIGURES 11 and 14 are ather arrangenents descri bed al.sg.in the
means 9or selecti qu dispfaylng safd glrst

progressive non-interlaced video signal in the

15 absence of motion, and said second progressive
non-interlaced video signal in the presence of
motion.

20
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20 ~ —_parent application, in which a nmenory of 527 horizontal |ines allows
re e@%/,readi ng of a full NISC frane without |oss of incomng in-
formation, FIGURE 14 beirg an arrangenent in which repeated full- frame
I'nformati on further has the line-s structure reduced by estimation; 25

FI GUREL12 1 epr esent s #JGUREY yrépres@ts L scatinéar QmaﬁeWanwﬂnthURE

13 i s an enbodipent

f_t |ZI whi ch |
alternate %%?rgﬁFaangogl ¢ res:?&ﬁ:?msf eﬁ Bél’t’;!fi)r‘bsp ‘&Ki?gklf*ﬁﬁFrand

estimated-line date, FPCURY '@ fdép &Ia%meﬁeacqm franie 2DRaYee of &otion
in the scene. .In the COiflgUI’atIOI’l of, FIGURE 3 stangarg anal og NTsC -

conposi t e MAYEPFCAECUAAL ORI eFt: displpyrds H%a?-@ R® a

term i3al WCiﬁﬁm Ehoeing mtsébﬁ"ﬂﬁedﬂddgbe epfeetied t0 d' gital form by
an anal og-to-digital converter_12 operafed at a cloegk rate under the

control of a clock siBAEPRER3 cand % 1Tinstaate lﬂohJePGBU‘ldéé?ﬁw form
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speaki ng, ptlhemh oift sueaessivedinss appéra&éstmtansmuahelmsm dbspfaypr oduces

interstitial estimat eplﬂ;gm. q*@ ‘ﬁ J'QieEHEJ].' aEORH® 2 display.
I deo Is a lied to a

Di gitiezed 5. conposite v um nance- ror m nance decoder
i |l ustrat eemhgdamnkkc@!‘ms pandae ewdi fiecataon rtanc@of(Y) and the two

chrom nance si gnal g1¢dreQ i@nsh ag;pgh@s;l{,@em to | um&ﬁa&emsltegmq Q estimators
16, 17 and_ 1 ectivel Each esti pdt or uces successi on of |ines

of unnodi fqle‘ga\f{egé TeporY dy'@Fa?Fé’&r??% %’Pﬁ?réﬁf'ij@gt Jkﬂeae%’rb 1§P3@¥he tine for

one horizontal line, which for u.S. standards. is about 63pS). Each

estimator al so cont enpor aneousg produces lines of estimated or 5
interppl ated video (FEJEURE: Blelsyad telewision brcadkzasted doaivere

| um nance ivq:é pEEaPInGCthe adspPRYi-ed to a first in-first out (FIFOQ
buf f er | may conprise tor exanple a CCD del ay line. The estimated

vi deo deru ved from t HEIGUREh&R eisnfeorddagran eriding simi undgrsppndaahg )
20 FIFO byl ¢ efn@2arFRgEREREi bEcprdokayed video derived from
FIGURES 11 and 14 are other arrangements described also in the
20 parent application, in which a memory of 527 horizontal lines allows
repeated reading of a full NISC frame without loss of incoming in-
formation, FIGJRE 14 beirg an arrangement in which repeated full-
frame information further has the line-scan structure reduced by
estimation; -
25 FIGIRE 12 represents the memory of FIGIRE 11 at different
times; and
FIQJRE 13 is an enbodment of the present invention which
dismlays either alternate current and field-or-frame stored data or
alternate current and estimated-line date, .depending on the presence
30 or absence of motion in the scene.

In the configuration of FIGURE 3, standard
analog NTSC composite interlace-scanned color television
signals are zpplied to a terminal 10 from a source (not
shown) and are converted to digital form by an

35  analog-to-digital converter 12 operated at a clock rate
under the control of a clock signal applied to a terminal
14 from a source (not show_n). The clbck-signals are also
applied to appropriate portions of the remainder of FIGURE



respectively, and the estimted color information ([err] ) is appliedt
buffers 28 and 30. Each of the -six buffers receives data continuously,
and the buffers are read out alterpately in pairs 20,22; 24,28; 26,30 to

cont i nuousl odyce separ at and out put _sSi naI S. he strycture of

t he buff(lerséérrg’r 1Ath aP% S"bﬁ]a‘faﬂég t&ﬁgFHt@J S pat GRNSY i#gatlon 30

Serial No. ti}éak(ihd; IEﬁeZBJ.Edlt:‘de video eﬁﬂoruis ied & %Hlaemﬁ)maﬁ’dsw

buffers are rra for cc&%u N ?téﬁﬂga &itiOCkE one _rate and for

readi ng out > | PEPAYCFS AR PO na ﬁfse $8t Aon Buring

read-out i ndbeba@ rate bfotwiagigl Déatliersitwaa displagt.or Bbgbtitzed and

al so shogtens the . uratl.gn of, the s:lrg %s‘_&b ayfactor_of tq\ﬁg{ Conseacuently,
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of the bu i,n _about Tq. produce,cont i nuous Vi deg t e-o
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coupled to hbplclutsow.!semf tbhe.mmneezo IardnéIZQ‘ @stinaticre! ysqoum i

each buffer  to an out%gl EL | talztosanal nverter \SDA% 34. Slml.arlybf
ARPY 4

a toggle P 3B shiGSRE r°r arﬁ%ﬁhtﬁ ?o?uﬁﬁﬁséﬁ"soe
and 28 alteldnes i cumaéﬁﬁ@d ariideot (&)l ¥ deamesﬂrlm otheuturrent

and 111t or cARE PO R ok FEEotdne uféﬁp?ﬁx? Seigaita.dihem Ahim A%

steps. The UeSansttandardy, ils abb@ts63ps . 1OEaci'I eeahnhﬂbtoaisrmt rix

i 5pl ay uni EoRTAREHERASSReTy, Brkduped, dihds "Be pLbimARA S, 2canni ng
e #éfeh%C;‘ﬁé‘SWW%"l"m‘"’Zﬁw Py o e
arrangement F&J%ﬁ%‘nf M%?%Fz%ﬁé’?‘? 1P F unt erd aigailr?c%rﬁ?lg
vi deo pr odufaxsmdrmﬁpta;so% (FIES)obufiferc20 whichcamayedcomprise for
non-interl aged p19°Y cHh"adl Y HEnl" ¢ tHE € tinated video derived
from the luminancg ;i.nfc_:mation Fe’z is similarly applied to

20 FIFO buffer 22. The unmodified delayed video derived from
the I and Q color information (F,q uQ) is applied to
FIFO buffers 24 and 26, respectzvely, and the estimated
color information (F o1’ F Q) -is applied to buffers 28 and
30. Each of the six buffers receives data continuously,
and the bu.f_.‘f_ers are read out alternately in pairs 20,22;
24,28; 26,30 to continuously produce separaﬁe Y, I and Q
output signals. The strué¢ture of the buffers may be
- similar to that described in U.S. Patent Application
Serizl No. 124,107 f£iled 25 Feb 1980, (cg'rresponding to GB 2071960A).

The buffers are arranged for accepting input
signal clocked at one rate and for reading out the signal
at a double raté. The double-rate operation during
read-out increases the bandwidth of the signal by a factor
35 of .two and also shortens the duration of the signals by a

factor of two. Consequently, each active line of video
vhich normally occurs in approximatel'y S3 microseconds
(vS) and which is written into a buffer in S3us 1s read
out of the buffer in about 26 |..|S. To produce continuous
video, a three-pole double-throw toggle switch or

the-1 and Q color information ([er]) is applied to FIFO buffers 24 and @
g
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proxi mates the appearance of a flat-field display (a display not
scanning lines), as illustrated_ly the inage of a noving circular

yid
Obj-& di spl ayed in interpol ated manner “shown in FI GURE 2b. FI GURE 4
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coupl e way .of switc a_to the_outputs of delay Jine rr nd [err
PorPr et raetd o Brodudh: prcans b e halpdlsighsl siad AFémi 1],
plosi Li'gﬂﬁaﬁi\?\ﬁzﬂﬁg @%bpé otck:r?ﬂf ::rscotnﬁltljml;'bgd_sm,t qP ﬁ?dantsi\#ﬁa:Is 32c3t28
cl.qc ichr s ou twice thewjte-in rate. a,
a8 5os ABpILeE S b bR T e 40, vh ) dane TR R E T 55
whi ch. rmiy_esibtnrailzsl)mhich¥[!ré -naifppaﬁ.j[edla ©é ahdilsmlayi upgidf ckegea(:hd f
i ncomi rizontal.,line, e n YOC oS ved for
exanpl gchr'hﬁ‘ﬁ‘b’angyﬁc %3?598? %%kéﬁﬁ)aﬁogp?gd%]%%?ﬁer miﬁal 10 of
FI GURE sktdmnithgcR6hel A2alages deb delayed eunproviessed vddexpa, d and e
are opergi. 05khLi Qngy S i | LR t cuyr, of the
next hoiﬁ%‘ﬁ?éﬁgg;wgééaﬁﬁr hie.'lﬁsﬁl\%nstcfe:s ar gmég%t‘ggdgtg gé{cﬁf/reg?i zont-al
syic tisecandt for teheyotaleofat®podiness. Switch S2 is operated at twice
the rate of switc 2. 41 i t E%Rﬁ |.J y
resetting a count g"riﬁ!a%'d Eymgﬁﬁf%%grgg%%(ﬁ fe(‘:%lgli ) ats3 ?ﬁéerlgrée&g?s?
occurr e}@:binea@iemoqfngmrkmedl ingempnks yidep producss caldt s
readcl qefePYL9as s al i hQs! B PrOGetsitdly Sathdd%r
non-interlaced video. Such an image more closely
.20 approximates the appearance of a flat-field display (a
) display not having scanning lines), as illustrated by the
image of a moving circular object display_ed in
interpolated manner shown in FIGURE 2b.
| , FIGURE 4 illustrates FIFO buffer pair 20, 22 in
25 more detailed block form. In FIGURE 4, estimated signal
. Fq is applied to an input terminal 410 and coupled to the
inputs of estimated-signal- delay lines D,, and D,-
Unmodified delayed signal F, is applied to an input
terminal 412 and is coupled to the inputs of clocked delay
30 1lines Dnl and Do which may be CCD delay li.nes. A write
clock generator is coupled, through switches 32e and 32b,
in the positions shown, to delay lines D,, and D, whereby
De2 and Dnz are clocked simultaneously at a low rate for
loading with the estimated and unmodified signals,
35 respectively. The l_oading occurs in approximately 53 pS.
' During the locading interval, output terminal 414 is _
coupled by way of switch 32a to the ocutputs of delay lines
D,, and D, for receiving a signal from whichever delay




of a del ay line and toggles switch S2 50 as to, couple read 20 clock X
generator 416 to the second delay line to-pg_read out just as the firgt (éf’ S/
the pair is enptied. Thus S2 normally toggles near-the tinme of the cen

of aline ofyi i ng1vicke. Ths, v ' ' o), deadagheckt Q€ put
term nal 4%&'%%&%14% shows §§ %ﬁﬁ%???%de%gegyz? Sj gﬁalcs appl i.ed
Bini 1975
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Broduce a SiRmETRBERsaE it shbeilf obBI Ry By, HHadY, Se803Ra1 10 o1,
i nput and  ®IGUREl 3 ntot whighl the analogevideo tise appliieddedSii tiches n
Cor i A SRR A anee e e PR A FroRT chd pBRECIEh SRBR I

signal is AARHpdi att ttheaocoupxence cofi thie Tidxtntharizestals symput

signal [err est | s d i 1J st ral
squar e- | aw’%‘rﬁze‘éra‘g%}ét o?i?énoévﬁll'gﬁﬁtg%g ﬁ%u?pg |EJgana - |§§ a%‘toﬁ elsa?%zgnctaas}c.ade
of | H del agyrch&ime2sosthatdtbey alikernpte prsitipns si gseischi S@adis

del ay |ine lﬁ,ﬁg: b RdiRg - siellih £ S 8, ©shtrrbis nd.
630" whi ch r@%%aeéégaﬁggrd x%otrrB%t ifa%raéfpgylﬁﬁ%?%l ?l%g t?e SI ggar’fby a
known1PuncEsmirtqlbbidi ASd 3eermPibshed RY uperelEng. avgquptesr aRaV 620

gener ates ZyiHuH %H&Eﬂb'&ii-égi‘ts Cat Othel i'&ﬁﬂéabﬁ%@fféﬁ&ea%ied
to 15 an input termnal 624 and applies the running variable as a second
i nput to m@lachIinGeming hpwizentad, W30, PydsSen | t Counten 420t comntise

mul tipliergdsd @PbeRIpulses equal to the number of cells of storage
of a delay line and toggles switch S2 so as to couple read
20 clock generator 416 to the second delay line tao be read
" out just as the first of the pair is emptied. Thus S2
normally toggles near- the time of the center of aline of
.incoming video. Thus, video is continuously availdble at -
output terminal.41l4. FIGURE 4b shows as F_, F, the video
25 signals applied to either terminal 410 or 412, which
‘signals are substantially identical. The joutgoing video
430 composed of alternate ﬁime-comprgssed Fg: Fy segments
is also shown in time relationship therewith. .
FIGURE 5 -illustrates the construction of an
- 30 estimator such as estimator 16 of FIGURE 3. In FIGURE 5,
input signal is applied to a one-lihei(lns delay line 510
and to an input of an adder or summing circuit 512. Also
- applied to another input of adder 512 is video signal
qelayed by 1H. The output of the adder is a signal
35 having an amplitude equal to the sum of the amplitudes of
the input signals. 1In order to normalize the signal to
produce a signal having an amplitude equal to the
arithmetic average of the input and delayed input signals,



é;ggang circuit 632 to generate at an ou 'ut termnal 634, an estimated
akte Fe of an interstitial signal as 20/~ described in-" nore detail in

U S. Pat ent cat | on,serj.al 62,619 filed 11 M

(correspﬁﬂﬁléﬁgh F&é%lbﬁoézﬁﬁsgae Mnﬁﬁﬂf*%daPl:HFT%V??%;eae%ta
fromtheaderaged ioytputi gignLAlld as h@@kntﬁutoohnrmmtputﬁﬁegmimnb 612
and are Z,ap t 2

arrangen%ﬁ? ghdFSEﬂﬁ&éggﬁ%%hQﬁ%%%ﬁ§¥%h e aﬁagé Igﬁllnferpgﬁn?or of
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[err] is applie even e _signa del ayed by
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exceed 1. For _theNTSC t he exce SS del a equals the f
'3 cyci ETBRLRfe SO EuBD 112 SPBRERLE ThEq P QUPP G T R bapas -
detai | bgnrektimated value F of an 1nterst1t1al signal as

20 described in more detall in U.s. Patent Application Serial
No. 262,619 filed 11 May 1981, (corresponding to GB 2100092A.) The
unmodified lines Fu are obtained from the delayed input
signal 610 at the output of the 1 H delay line 612 &and are

- applied to the output terminal 636.

28 The arrangement of FIGURE 3 when used with the
square-law interpolator of FIGURE 6 régﬁires three such
interpolators. The arrangement of FIGURE 9 by comparison

- with the arrangement of FIGURE 3 produces a flat field
display from.interlaced composite video'by the use of a

30 single square-law interpolator and only two FIFO buffers.
In FIGURE 9, composite video which may be either analog or
digital is applied by way of an input terminal 910 to the
input of a square-law 1nterpolator 912 and to a cascade of
delay lines ?14-918. The output of delay 11ne 914 1s

35 designated F,. and the outputs of delay lines 916 and 918
are designated Fn+1 and Fn+2' respectively. The
corresponding undelayed input signal is designated Fn-l'
corresponding to the designations used in the
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to FIGURE 10, which illustrates sarrp'I e.” points on portions of four -
successive horizontal |ines 1010-1016. For .purposes of illustrati on,_-th
| Q

el ng giner ata et cSEaR, o4 ' 2oyt of HET ot BRBCR TUEE 0
in conjuncti d8G420h FITRRE 35 mxplajped da5 greated tdetaiindy tieference
e al ter nating o f of Rt rup L BeSEAh e BaBE Yodes, on Rostigrs,
of 1/2 H whi OF uSNGFesRavie lporizontal lines 1010-1016. For
purposes of illuétration, the sampling is assumed to be at
20 the rate of 4 x SC and phased on the I axis. The lower
line 1016 represents the current input line Fo.ys while
lines 1014, 1012, and 1010 corresponds to For Foeqs and
FLh4+2+ Tespectively. The relative .phase of the chrominance
component is shown' for each sample. Also shown is a
25 dotted line 1018 representing a line of estimated video
currently being interpolated from the surrounding four
scanned lines of incoming video. Assuming that the pixel
currently being estimated is 1020, it is clear that if
delays 914-918 each have a value of 1H that the estimate
30 would be formed from the values of pixels 1022-1028
vertically arrayed about point 1020. However, with'such
an array, the estimate would be made from four points,
two of which have a value of Y-I and two having a value of
' Y+I.. Consequently, the chrominance value would be
' " 35 suppressed, and the resulting estimated value would
include only luminance. This monochrome estimate 1is
prevented by the use of delay in excess of .1H by the
amount of half a subcarrier cycle, which is approximately
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drive standard rate. Luminance-Chrominance decoder 924 creates

sum and difference signals to create luminance and ‘

20 chrominance signals, respectively. The I and Q signals
are separated. by phase detection relative to burst, and
the résulting Y, I and Q signals are applied to matrix 928
for converion to R, G and B which are applied to display’

830 for display at a 31.5 K3z scan rate. Thus, the .

25 arrangement of FIGURE 9 accepts interlaced composite video
and produces at the field rate a flat-field display
consisting of lines of unmodified video alternated with
lines of .square-law estimated video. Thus the number of

_ lines being displayed is Abubled, which reduces the

30 ‘visibility of the line-scan structure. ' |

' The arrangement of FIGURE 7 uses a field store
for generating a full raster of 525 lines of '
_non-interlaced video for'display, derived from fields of
" interlaced incoming video. 1In FIGURE 7, interlaced fields
35  of composite color signals having horizontal lines of

video identified by horizontal sync signals recurring at a -
15,734 Hz rate are applied by way of an input terminal 701 .
to a timing control circuit 702 and to an A/D converter

e ——



control circuit 716 synchronized by timng control circuit 202. Thus,
doubl e-rate or 31.5 KHz tinme-conpressed video signals appear on conduct C)\I‘n
712 and are applied to a |um nance-chrom hance decoder 716 for separatin
the Y, 1 20. and Q conponéents of the conpost¥@=signal for conversion to

anal og by a DAC array 718. The analog.,Y, | and Q signals are applied to_,
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t han one frakBput Signalsnidd .S KEz)t asn described\dim @onjuacdilen ywith
scanned non- gRkAREAGEd dhgRl" [ ﬁ# chs i ckeg,rate is jacr a_.ﬁgf
better sinul g?l on o%'a #@1? ??@ewsc]. ngﬁlb% 1§E g:ﬁ’aﬁ oﬁ*ﬁ?’&% é’g V,%%%s
i s applied byOfapngt 73D i apet aldiermatelyl coupledAto M leonducteom 712 by
synchrofi zi n i ' 1 | bels- f ’E,EE& hQl I of | '
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signals appear on conductor 712 and are applied to a
luminance-chrominance decoder 716 for separating the Y, I

20 and Q components of the composite-signal for conversion to
analog by a DAC array 718. The analog Y, I and Q signals
are applied to matrix and video drive circuits illustrated
as a block 720, which drives a display tube 722 scanned at
31.5 KHz, ‘twice the horizontal rate of the incoming

25 signal. The vertical deflection rate is 1/60 second, the
normal. field rate of the incoming video signal. The
arrangement of FIGURE 7 requires only_& field store to
produce a progressively scanned non-interlaced display of
525 lines in 1/60 seconds for NTSC (625 lines in 1/50 .

30 second for PAL and similar signals). This reduces the
line-scan pattern and gives a better approximation of a
flat field display without objectionable increase _in
flicker. The arrangement of FIGURE 7 has the advantage of
requiring only a field store in order to produce the

35 progressively scanned non-interlaced .display, but has the

. disadvantage that each displayed raster consists of a
current field and the preceding field. During a shift of
scene, this can result in the display of a raster scan



~\t he outer radius represents the nunber of sanples per horizontal Iine;
/the case of NTSC signals sanpled at” four times subcarrier, this

corresponds to 910 bits. Thus, each pi e-§&g_p_ed section represents 910
sanpl es each of 8 bits.” Signal is applied™to the nenory by a wite 20
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wheel , TolhgukngetRiilfari nandled & abe Nrizoand tona, sgmatesgmizing to
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one.fiel da}éﬁigédvms ebymémRafy MBthr aadamtiittectinrenvhich As opghdered
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process ofeur times subcarrier, this corresponds to 910 bits.
Thus, each pie-shaped section represents 910 samples each
of 8 bits. Signal is applied to the memory by a write
20 address generator' depicted as a wiper 1118 which writes
' each line of.incoming videc into a pie-shaped segment such
as 11002, so that the oldest information in each line |
appears at the outer edge of the wheel and the newest
 pixel information is stored in the 8 memory bits at the
25 innermost radius. In the.position shown, wiper 1118
started a field .by writing line 1 of field 1 into
piéfshaped segment 11001 and then in succession wrote
lines 3,5,7 into segments 11003, 11005, 11007,
respectively, and so forth about the wheel. The field
30 which was started by writing into 11001 was-completed by
writing half a line into segment 11525, thereby completing
262 1/2 .lines or one field.
. ' Memory segment 11525 as shown in-FIGURE 11 is
being addressed by a READ wiper 1134 which rotates in the
35 direction shown by-the arrow about the memory wheel,
~ following WRITE wiper 1118 by one horizental line,’ ‘
_cé:respondin'g to one segment. A corresponding READ wiper
1136 on the _dpposite gide of the memory wheel rotates in

est




witing the first line of the next field (line 2 of the 15 even fiel dﬂ
into segnent 11002. READ wiper 1134 follows WRITE wi per 1118 by one mqmﬁﬂl
segnment, and corresponding w per 1138-rotates about the wheel in the sawe ./
direction as READ wi per 1134. When READ wi p2R-1134 is on segnent 11525,

READ wi per 1136 is on an enpty address adj acent 20 address 11001. During
the next irtiveri saméodireationias REAMWIRER AL34R DEtigre fieddilater

wite into e step to segments
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writing evede¢edes. Fhﬁosﬁgﬂﬁ!dssém%u Inand: Q- compANRREEs Whkah Bre

READ. wi per dilgfed eeﬂrwwta QEtriieL 144 | eoPedidp %grepmst ror

correspondi'ng just-| ai d-"down even |jne. Eventual]

reach a posP¥‘P%e§§éNe iSCanReA dispiareof d Meedhitaker Ei§e%1§ti%1

just Rl Shedopl bk IEiSH b NEhE2 hemt £y "ONRL SSHEEE] dl&24pate has
steppedtothe next foIIovmn At .the sane,tine, READ

segnent 12001.
wiper 1134 st epsiBoF 465REN1L &5%&% 1Re%: dd 3 YR FBQ RS PAYITNG -
si mul taneOlJﬁl:s’t5f1nBEhEdM10hﬁelﬁﬁ'ﬁ.ﬁtr@8525 mrmé FiSt oPubdd) fieldext
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whiTe 15 i HEveR el HBk f femnia 160", kR HEReS BT, S 0
READ w per WHBIE sviperf A1k8 cbywonepamsmory segment, and corresponding
wiper 1136~ rotates about the wheel in the same direc*ion
.as READ wiper 1134. When READ wiper 1134 is on segment
11525, READ wiper 1136 is on an empty address adjacent
20 address 11001.

During the next incoming horizontal lz.ne of
1n£orma1::.on, WRITE wiper 1118 will write into segment-
11004, while READ wipers 1136 and_ 1134 step to segments
11001 and 11002, respectively, and line 1 of the odd field

25 is read out from segment 11001 and just-laid-down line 2°
of the even field is read from segment 11002. The '
reading pi':oceeds alternately at an 8xSC rate providing-
video time-compressed by a factor of 2. _Consequently, the
reading-out of the two lines of video '‘in segments 11001

30 and 11002 occurs within the time required to write a
single line into segment 11004. -

As time progresses during the second field,
wiper 1118 proceeds in a clockwise direction writing even
lines into memory segments, and read-out proceeds with

35 READ wiper 1136 reading out odd lines while wiper 1134
reads the correspénding just-laid-down even line.

Eventually, WRITE wiper 1118 will reach a
position such as is shown in FIGURE 12a at which it has




3 is being filled'with the second line 15 of video of the odd field
he second frane, READ wi per 1134 readsyjgine 1 -of the preceding frane,
foll owed in quick succession by reading of line 2 of the preceding. frane by
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READ wi pewhiiil®s astepbecsem/mme oREAGD Wipercddi3@ssteps the the. mxthext
read cycl Wpﬂoéé?’ﬁ@ @amoupﬁ ciﬂ@ﬁwsseeag P LR RS

- €%§§ggnent 11001. This position is shown in FIGURE 12b. Whil e segnent

12002, an ste W se by one nenofry segnent to 11528
Thi s posi thrEe V\ﬂ-b9911134ﬂb7éﬁ| PeSAHFFenifrshows As Eggu'ﬁ@xt
readi ng cmiﬁ@sséﬁesﬁtr @.b@bs £l Sefnd 2¢i1dwd rk@:.‘ﬂh' %&@&ahaeuﬁﬂe%

steps successiyvely th roug segnents_12001, -120Q3. and READ w per
113418t ep$ & Hisiah @ eﬁh&@%tgleédo?f 13b84 S%F%néoﬁrf@é&:ﬁ)nd?ﬁébnmr

Near the qndpirdd@sfiipe 16l nehel gheceaserfl ffamb! atd1150ed B .
positions are as shown  'i.n Fl GURE 12e VVgEri 134 and 1136 are pqsitioned
to read|,q§*;gx§pg53551on by reading ine 2 of e preceding

frame by wiper 1136.
The reading of lines 1 and 2 from segments 11001

20 and 11002 constitutes the beginning of the second reading’
of the preceding frame. The reading of the frame occurs
‘in the time required for writing in one field of current
information.: Since the current information cannot be

) overwritten into the mémory until the second reading of

25 the presently stored information has occurred, READ wiper
1134 precedes WRITE wiper 1118 in its clockwise excursion
about the memory wheel, until near the end of the incoming
first field of the second frame, the wiper positions are
as illustrated in FIGURE 1l2c. .

30" In FIGURE 12¢c, wipers 1134 and 1136 are
pos1t10ned to read the last portlons of the preceding
frame by a second reading of lines 524 and 525 from memory
segments 11524 and 11525. WRITE wiper 1118 is positioned
at the ﬁ;mory-location which was 11523 and writes into it

3s line 2 of the second field of the second frame, thus

' converting memory segment 11523 to identification number
12002. When reading of 11524 and 11525 is completed, READ
wiper 1136 steps clockwise to 12001 in readiness for the



525 from segnents 12524 and 12525, and V\RI TE wi per 1118 is positioned to
write into segnent 11522 (now containing "old" data, -or essentially Q’g
enpty). Segnment 11522 is 15 overwitten with hl ne 1 of field 1 of 'a thi
frame (beconing 13001) at the sane.time that } e last two |lines of Frarre2
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30 providing cont’i nUOUS vvr|t|)82q INntQ th -store talns only
two'i nes of SASREALS0EE00Ran 12R0dpiey & f¢%§esmred*@§umané$ex he two

extra mi‘rmry segment s ONéaratfHéméndtB&' %!?éaﬂ%ﬁ e:?éb&in'g“ of CeHat 8econd
clockvmi rogr essi o recessi on" of t-he two " .séqnents 35 about
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counter reading of Frame 2 begins with wiper 1134 jumping ahead
by two lines to segment 12001 while wiper 1136 steps ahead-

20 to 12002, in readiizess for the second reading of lines 1
and 2 of Frame 2. At this time, WRITE wiper 1118 steps
ahead to segment 11524 preparatory to overwriting 1nto the
segment the second odd line of field 3, connecting :Lt to
identification 13003. It will be recognized that this is

25 the same condition as that prevailing at the beginning of
the second reading of Frame 1. The operation continues
- with the cyclical .advahcing and retarding of the READ
wipers relative to the WRITE wiper position to progduce
multiple readings of each frame while at the same time

30 providing continuous writing into the frame .store, which’
contains only two lines of memory more than a complete

- frame. As a result of the two extra memory segments over
a frame, the operation results in a counter clockwise
progression or "precession" of the two "empty" segments

35 about the per:.phery of the wheel.

' FIGURE 11b is a more detailed block diagram of
'control portions of the memory arrangement of - FIGURE 1lla.
Those elements in FIGURE 11b corresponding-to elements in



cl L0 illustrated as a bl ock 1150 which -counts * hori zontal -rate pul ses
roduces as a decoded output the MSB C, gntrol of the address of WRITE
r/ 1118. As 15 described, WRF TE wi per 118 progresses through the
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switch 115 -16- stepplw& orward and step % back of the position
of READ @hpér iidustratede eck JekS91vhy $shed by a
263- decoglsnééﬁta\mnfété epods t and ° ueésZFa”s ba aewdaédcb d50 and

whi ch sets-counter 2 to the c e 34 foIIovvs _
wi per 11%8e MSB> & r°ﬂ‘:1é" gaﬁ' §o° Hﬁ% ry‘lPet#) g’zﬂof Bunt er
11505 anddé&ctﬁabdt I mmw&m enn%ﬁ@gﬂeg@gg fhrbugld the aemdéry
"chain 527 res ts itself, count of, zero upon the occurrence of the full -

count ofP$HLO ?altl% vi Pﬁtngs QRPdNG he addresses for. wiper 1134 to
-— .=-READ wiper 1136 makes a regula. progression

_through the memory in synchronism with the WRITE wiper but
off;et therefrom by a constant 265 lines. Consequently,

20 the MSB for the addresses for READ wiper 1136 can be
generated by the decoded output of a divide-by-527 counter
chain 1152 which is reset to zero by ‘a decoder 1154 each
time counter 1150 reaches the count of 265. The MSB

"produced by counter chain 1152 is coupled. to the MSB

25 portion of the READ address of memory 1116 by way of a

: half-line switch 1156 operated by a 2 fH signal derived by
a decoder 1158 coupled to address counter 1148. Decoder
1158 decodes the output of counter 1148 and produces an
output pulse each time the count reaches either 455 or

30 910.. The LSB of the read address is generated by a pixel
address counter 1160 driven by an 8xSC clock which results
in reading of each li..e of 1nformatlon at double the
writing rate.

The MSB for control of READ wlper 1134 is

35 generated by a divide-by-527 counter chain 1162 which
counts horizontal-rate signals and produces address
control signals applled to the MSB input of the’ memory by
way of switch 1156.
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readi ngs of the sanme frame can result in an error in the chrom nance phasé-¢;
which results from 15 | ack of conpletion of a full four-fi®ld chrom nancge'7;
frame. For this purpose, the output si gnal_fggl ied to |um nance chrom nanc
decoder 1141 may include a.-phase shifter for shifting the chrom nance phase

t the begi nni f i h ' ,

001- decoder 1166 20 B, HrdbefAS" LA4ALd Rnd ¥riBbIoY WEER oF the
coupl ed’ t o pasipireR c0f0READ wiper 3ddfecoedatine toTWRIFE aWgpend 138

FI GURE 14 YRY; >pLu ' t fs RdURE
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produci ng et 1952631 by reopnter ShRinndd S0 candeWhich 156t caurdRed

ith 525 egty t ' e Il | f ' I egat ' |
of 1050 1 | AASEIES LHRCEDAL Bpe 289, \HePLRY WIMeR LI CRSLIGME SBRRL
in 1/60 sedddd- prdgPedsidacadesollséSrrsrends tpcaszFulshgaunds afniizh

1138 as degyy idfthtérceNsg'@ndNay thdt Ehrel ket SoltittL 1262 to a
infermation 1s pasged thrugh a | um nance-chrom nance decoder 1410 for

separ at i on G- 0L | Land SANGAEAUAtEIFRALR S2hpresets hRsedd B2 & 300
CorT aspona o o Bt oy e e e ol [ne O

or milor BA e b e eHting, dauams. ithn AHAKET S Eralar JARRE) 1134 to
woul d have pregefeieittie RddreiesnFod Wise2nd 198 | Bt ohd | DEAehiash

-17- are ttne-co essed by a further factor of twod. These estinmates are
made for eéﬁﬁﬂﬁﬂggie Y, | and Q signals, which are then applied to a DAC

array 1420 for producMadtiplleordadingsl 6Xsthel saher faymhe ceanoresuly
"rge ot 1080 ¥ e ol R KntARinaieRePRan e PR EERLR AR e
t el evlSi on lasieiofrcompietiion i of ahfulikpfenr+wiiel dcahrbminanceherame.
For this_gprpose, the output signal applied to luminance
' chrominance decoder 1141 may include a phacc shifter for
shifting the chrominance phase at the beginning of reading
of each new frame. For this purpose, a 00l-decoder 1166
20 . is coupled to the read MSB line and sets a- flip-flop
"coupled to the phase-control input of decocder 1142.

The arrangement of FIGURE 14 uses the
full-frame-plus-two-lines system such ‘as 1100 of FIGURE 11
tggether with an estimator such as the estimator of FIGURE

25 3. for producing repetitive full frames of 525 lines from
memory 1116 interleaved with- 525 estimated interstitial
lines for producing a proéressive display of 1050 lines
with a high flicker rate. In FIGURE 14, double-rate (525
line in 1/60 second) progressive video is produced at the

30 output of switch 1138 as described in conjunction with
FIGURE 11. This double-rate information is passed through
a luminance-chrominance decoder 1410 for separation_into
Y, I and Q components which are applied.;o an estimator
300 of the type shown in FIGURE 3, except that the delays

35 are H/2 (corresponding to about 31.7 pS) for generatin§

' interstitial lines. Estimator 300 estimates the value
which an interstitially scanned line would have,
generating pairs of unmodified and.estimated lines which

precede the addresses for w per 1118 by one line, as * required. NMItipléﬁZ;;>

—




ects one channel from anong those received by the antenna and converts

t channel to an internediate frequency (IF) for.anplification by an IF
anplifier 806. The anplified signal -is ap@lMied to a 15 second detector 808
for denodul ati on to baseband. At the output of the second det egtéor IS a
conposi trd el €ihe~conp pessetdobat erfwrthesm %ﬁ@F@rsi%fzaF"?M Sfted onto

4.5 Mt ler. T P ' i@ Bilgrarl$10 and
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) or 20 roduci baseband | 0_si_gnal
whi ch i selepehi adet chen aappdisditae i 2rDaAEs aa‘%ﬁaé'p g?ﬁ. p-rﬁﬁgﬂ'g%'ﬁ%osi-t e

vi deo sign tth pPHt <&, ceae ieatiomppyi wdayt ®H aync
separ at %izﬂawﬁi'cﬁr s%g%rgt e?(sigr%garzlgzeont al :%/Iﬁ% for, use in_keying an AGC
prog ammatribxt Adi2Ziteuat ddsplal 38242 {REPSRFARTe® in the receiver
and di spl Lkiven EB?@ i 44800050 1dnugeactel B2 is keyed
and the %‘ﬁ%??gé_gé'vo ffhge eyeéi 3,gngl s used to control the gain. of
control |setendtages in tuner 804 and anplifier 806. The conposite video is

also applied to a GfgiRE aniil RistPaeesdiadbroaduasuyeelievisihonh may be
i Spl by HeCeived rRPTEOTAEING (tBF. HHER} AL th R BRI B0 2eEh8d and
Pr CB"CG.SiﬁPegtIiUig. .| pheFtQURE Mg poafs ainténnac80Rdisr compled ekPaded
aster includin 5 i1nformatjon fromth current &glg_m f gg&_he
pr evi oustanerd. u‘r”al'-Fg, s81e<Es ARG -‘%/%%"5 s;ﬁ%y a$ %ggrl ed in _
conj unct {-gRe\kldld IﬁfJﬁeS asderiiga uand icoiteartsf '!;l'hapl ggua:nmel nt@l &IRE 8. .
- 18 - As nentioned, the arran em(ag%.)of %%E L £$ E‘ﬁgjoﬁftbaﬁoaﬁ pgobl emin
t he .pr estn§erpedl ak@n4E SR e s 5% 2APPL L AR5, scene, in
whi ch cagﬁgﬁwﬂé}} eg08t er IMpecanphidiesbpehgnal tie Qpﬂﬁ-ﬁ&ﬁ redt r.
oI5 uneRERBe: IREREEGE @Y E0K SSpEPALILHLS BasAR, | A e o,
current pigkeatofofithe iselcondicédtection | hes af eemposidie] tebe¥1§Aeds an
Laccurat esi'gial to'g—ether with an audio signal FM-modulated onto a
4.5 MHz carrier. The FM carrier is selected by an audio
filter 810 and applied to an audioc FM detector 812 for
20 producing baseband audio signal which is applied to an
audio amplifier 814 and speaker 816. The composite video
signal -at the output of a second detector is applie<? to a
sync sepirator 820 which separates horizontal sync_ for use
in keying an AGC program or control circuit 822 and for
25 - other purposes in the receiver and display unit. The
composite video applied to programmer 822 is keyed ;nd the
amplitude of the'kgyed signal is used to control the gain
of controllable stages in tuner 804 and amplifier 806.
The composite video is also applied to-a display unit
30 according to the invention which may be a display unit
similar to éisplay unit 700 of FIGURE.7. As.described,
display unit 700 receives a field of .interlaced signal
each 1/60 second and produces in a like interval a
progréssivély scanned or non-interlaced raster including
35 information from the current field and from the previous
field. Naturally, an estimator-type display as .described
in conjunction with FIGURE 3 can be used instead of
display 700 .in FIGURE 8.

@ invention. In FIGURE 8, an antenna 802 is coupled to a tuner 804 which
a



-merely produce an estimate of the interstitial video, which may soneti
be erroneous.. However, the effects of notion do not greatly influence
estimated video. FI GURE 13 il ust rat gg_an arrangenment including an
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i ndi cat i veupen mhefhescmgtion exists in a particular portion of the
gaster being esvimated. In FIGURE 13, digital video is

applied by way of an input terminal 1310 to inputs of an
interpolating line estimator 900 and a field or frame-store memory

representation of the image.. The i nt er pol ators of FIGURES 10 3 and 9 @
he

20
system 700. Estimator 900 is similar to the

square law interpolator designated generally as 900 and
illustrated in FIGQURE 9. Field or frame-store memory system 700 is
similar to the system of FIGURE 7. The input signal

applied to input terminal 1310 is also applied to a motion
detector 1312 for comparison with delayed data for . '
establishing the presence or absence of motion by
generation of a switch control signal on an output
* conductor 1314. The signal on on conductor 1314 is

30 applied to a multiplex switch 1316 which in the presenée
of motion couples to an output circuit the signal from
estimator 900 and in the absence of motion 'couples to the
output circuit the output of the field or frame store
memory. The output circuit may include a
luminance-chrominance decoder, matrix and display as
illustrated in FIGURES 7 or 9.

Motion detector 1312 may inclide a first and

second delay ‘line 1320 and 1322 coupled respectively to
receive low-pass filtered current and delayed -

25

35




. The signals are sumred through weighting resistors designated

Nl ly as 1326 and applied to a conparator 1328 which conpares the
YaHtied signal with a 10 predeterm ned tlgeshold illustrated as a

ba tery 1330 for deciding whether there is or is not notion locally in the

scene. In(Ns&gnalsnandhtbhéurthanfdemayrmuumahy a htrangmilss ilmginkine
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17 A syste od C|n an inmge of a Ich,is.line scanned in a
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representati t he ne risi.ng:. _means res ive.,to
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be used.

._ .= Other embodiments of the invention will be
apparent to those skilled in the art. In particular,
display functions not shown may be incorporated at

20 suitable points; such functions include gamma correction,
vertical and horizontal aperture correction, color, tint,
brightness and contrast control, clamping, delay matchiﬁg,
coring and paring the like, which are all known funtions
and which may be implemented in known fashion. While the

25 embodiments shown perform their functions in a digital

mode, analog signal processing can be used.



generated field between lines froma field of said field-interlaced

I'i ne- scanned video signals and 20 interstitial lines derived solely from
adj acent lines of the same field of the field-interlaced signals; neans
responsive to said interlaced |ine-scanned v3geo signals for detecting
notion in said scene; and 25 means for selectively displaying
said first prodilgs8iSse ndbe i MR esysten forleprodyntig i dn tiagdsencs of

' ' . ' - ' Lgnal .in the
resence of mots S pf1dh PR sORid B EEteM SRR SR Pea ") e
sai d second norMaRReF I%&%gpm@?\inﬁl farre?e@sf beuorsssively @énsm\::.%d by
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comprising:

means responsive to said interlaced
line-scanned video signals for generating successive
fields of a first progressive non-field-interlaced
10 video signal alternating-in each geherated field
between lines of successivefields of said interlaced
signals;
means, including storagé far at least one

line of said video signals, responsive to said
15 interlaced line-scanned video signals for generating

successive fields of a second progressive

non-interlaced video signal alternating in each
generated field between lines from a field of said
field-interlaced line-scanned video signals and
20 interstitial lines derived solely frd; izﬁes of the
same field of the field-interlaced signals;
means responsive to said interlaced
line-scanned video signals for detecting motion in

said scene; and 1
g 25 means for selectively displaying said first

progressive non-interlaced video s;gnal in the

absence of motion, and said second’progressive

non-interlaced video signal in the presence of

- motion. :
30 2. A system according to claim 1 wherein

said second non-interlaced signal alternates between

lines of said interlaced line-scanned video signal

andoiﬁferstitial lines generated by interpolation
j froqAadjacent lines.
35 .
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