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

‘| nvention relates to a tel evision di spl ay apparatus such as %\t

Treceiver arranged for 5 -reduced visibilirty of line-scan art @
resul ti o frominterlaced scanning of the scene being imaged. Tel eV| siQn

recgi ve®™ and nonitors presently in use do it give the best pictures Wwhich’
are possibl-e within the constraints of existing |line-scanning 10

standards. It is deS'&ﬁﬂWi@IM%w?m&bJﬂS'rm WITH ®REDUAED t 0 prqduce
a,hlghfldellty di spray.  Inrs m In detarl.in the -
article "High Definition Te|6VISI] ' W= bl e Basis Wth
Present St andar ds” .by Broder Wendl and. which appears in 15 the book -

"Tel evi si on Technol ogy d.n the 80" s% publi d by S Js

W th 525 |ine-.per- franghlﬁ Jf‘??a%%f@?’ 5&1371 %8/ gﬁ%&ﬂ?héhs%% uch
as \;‘5 NTSC sypatatasdsucmtmrasteﬂ.emm necéa&/eas ‘AP@ahgade fax t hose
artifact

art'; fact arF%‘S ‘ﬁﬁ n?’?‘r h’!’gﬂl fhg%hﬁnlgﬁ a‘irﬁf@&?ﬁ%ﬁ h%égizg't&' J%Iefrom
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Pncreasebt Ihe flljgkgirz g‘i%ﬁﬁﬁgi?%F&l@ﬁidgggmmf%r%gﬁ mmh;lii)iﬂf
perceptibi | iuge ofothet gave gsdr pact s aracpe ryo
;g;e)ear glngteu:‘) Q’@& Hl% ]:S‘Jtﬁgsr‘f& 1git"'gng plééﬁsjér éol%%a%gahﬁlgélez t522/ 30
syst eml(BﬁS $tmdands.scdrt1ersldesixabé&m pgovn.dg @ubl)eﬁz::kfis@rpl e . v .
. T '

i suscessi VIPERseRRDS’ ¥ piodheel 4 it iRy Gispl A THLS
(lines 2,4, @roblemThe Adscussednin detail oim the articier é'ﬂskgi'hned in
1/60 Second%efﬁqﬁfsﬁ PEINAND O - St bk eBRpaAD I 2p6isA Witﬁhe

even freld, w e even- es .occup spaces, hetween-the - — - -

| i nes of Present Standards" by Broder Wendland which appears in
! 15 - the book "Television Technology in the 80°'s" published by

SMPTE. .
' A major problem with 525 line-per-frame, 30
k_/ . frame per-second (525/30) scanning systems_such as the
: NTSC system and in other systems such as 625/25 (PAL) are
20 - those artifacts which are derived from the line-scan. .
5 ' process itself. The artifacts arise mainly due to the .
miﬁi-}~ ~ interlace process in the standards. Interlace is &
icé technlque for -“"shuttering" equlvalent to the shutterlng
o process in motion-picture technology. The purpose of
25 ~ interlace is to increase the flicker rate of the p1cture'“‘
] being displayed to reduce the perceptlblllty of the'
periodic appearance and dlsappearance (fllcker) of the
p1ctnre. A high f11cker rate is desirable because, it
gives the appearance of a continuously-existing plctnre.
30 In a 525/30 system, 525 lines are scanned in n
1/30 second, giving a .30 Hz sample rate.. The interlace
process divides the 525~line picture or frame into two -
. 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
35 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 llnes occupying the spaces between the 11nes of

£ T
¥

7
i



1l the odd field. In effect, the raster scanned by either field al one

Ay, Jbe considered to create a Wmte or colored image interleaved with an-

- 'dul ated black raster (FIGURE 1). *'During the next follow ng field, 'the
bI ack lines of 5 the black raster of the previous field are overwitten
by--- the white lines of. the i1 ow ng field, but rather than elini.nating
the vigi tthe tgddf fl:leeldl. aclu.affect) htrwbrastnee sthmriedrbyl kitheris to.

Cheter | E{R0R ibne o be ddds Phe Ll NS LARREE, . MECIPYE R Bk
A?ot Egrsmagecimmavted mzé«:haaadumﬂrun latedublacdck masgemlt(;immf mé
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teaggsosr)] %g@%ggér?ref% a'p m&e :/ Le ] e%‘rlewﬁtsﬁgreagﬁaﬂﬁ
scan Iing;sh %ﬁ?g ﬁ ﬁ?aﬁgg f_gé"t % 'a%s Fé“ul ABbj ect
i n not i oreliminatirg behegvdisibilityt befsﬂxeamadkeraemrl.ytn&l ble. For
Ccene. wniipy SCRRE SEERSE A7 HETHEIARAS FihiioF S354, 4R BPRGTARES of
Ffﬁée%ﬁe”mv.ﬁéms %"‘t Jum backo ddetar o Ihe tovis 'm?r{‘ he
¥ omSp ’ vheR ?ﬁaé WIRG FdidersCReen;
Ironregr;regt atat fm‘m:entdnge.of sai dt Vi deg si gnal g to form.del ayedI ﬁ&ne scan
vi deo signal s

o “genetati ng ot cPARGTREE MALAGE" RS R Firet il  RariB R0 00 ~
lines; anesults Froni tne?wmﬁhzncgﬁyl ?f“'e Ftélge; ?"ﬁmwé Is:téﬁéé oniteace
2?322{15% 4GRS o AV Ao G H ) coThis FBERALA EEAB % CALLETAITS e
field® mhepayimud dfdthesn@wﬂn?aobjlemtrfhdmaflbﬂ.laiest@eﬂﬁe&ﬁd bPhe .
said int erdmlsat gno enc':‘\“'l:(s?nI tnro on Sa\?ef fxaif a&ef In%lxnz.nal vertical
resolution and take on a ragged or serrated appearance
broken by the clearly visible black scan lines. FIGURE 2a
20 illustrates the effect of a black circular object 'in* o
motion on.a white background with the serrate edges
 clearly visible. |
For producing, with less or obJectionable line-scan structure,
an image of a scene which is 11ne-scanned :.n an interlaced manner

25 producing frames of successmely generated f1rst and second fields of
field~interlaced line-scanned video s:.gnals each frame represent-
ative of the scene, the present invention pmv:.desa systemcompr:.smg:

means for storing in a memory at least one line of said
video s:.gnals to form delayed line-scan v:.dso s:l.gnals'

30 mterpolat:.on means coupled to said stonng means for
generat:.ng J.nterst:.t:.al 11nes by interpolation from temporally
adjacent lines; and -

‘ means for"dis'playing in a line-progress_ive non-field-
interlaced manner, successive temporally adjacent fields of line-

35 scan video signals alternatmg in each dlsplayed field between lines
of a respective field of the original video s:.gnals and mterst:.t:.al
lines generated by said interpolation means oﬁly from lines of the

" same field. ' '




-3 1 FIGURE 1 represents a scanned image containing one field of .
information and showing the "black raster’; FIGURE 2 represents a full W
frame i mage of a noving circul ar object dirsplayed by interlaced line
scanning 5 showing a serrated-edge effect<3FIGURES 3 and 9 illustrate i

bl ock- di agk am f or MFEEIRE - lnarepresents: a rscanned imagenhcentainingoPaei on

of adjacent |i rs foi%é’ﬁ tidd | ' Yy FURES 4, 5
and 6 show detfg'i%?'gg?tlﬁ{e e odfantgndtﬂ%?élﬁd&}% éﬁgngbgﬂr:r%df?%gg"tf_i on

t hereof ; FI GURES 7 FHGVRE %rxenyesents a4 £ullsframe; Enage rof raBOVEAS: i es
for generatingjrdialay idifict idispIfred i BP! BterDaeéd abifié as8RANLAG

di vi si onal _ appln. .no. 15 8427954 be_selectively substituted, instead of
inter- poldti ﬁé"f"’m édj%ﬁt?q'r@le i_#ﬁ%‘??éi n circunstances to be

di scussed later, tIFIGURESRE ldndil9 eilhistratesi by bloekedjagtam2fotmnes

whi ck_al | ows rfg,‘%%%tied reading of a full NTSC frame wi thout |oss of incom ng

I nformati on. ~ FI GURE 8 shows how a tel evision broadcast receiver can
i ncor por at e aments af atheoridivention heln wieheh ohntérpolRationi efa di agram

aiding in und ' | ; (%Jgg esents
t he mgrmry of @ﬁﬁ%ﬁe%%ﬁ?ﬁ%fi%é&%ém spl%%gf’gla?ﬁer
al ternat e Hur FIGURES] 4. & And 6 rehaw dekaily0f bheembediment efent and

estinmated-ling ﬂ@-ﬁ?ca bR e i &P 1B 18 SEéfedf ; absence of notion in the
scene as in the divisiona apﬁlgilcation; FlGURE 14 is Lo

30 a ck
di agram of an enbodERRES 7 (34 i Wl S AL FSEDRTELYES e pRELRY fﬁ?&df PEne

i nformation f friahey medorivs |fore-garterstingt initersdieedlbyingsi gori on. In
t he_configurati.on .of Fl 3, standar anaéfﬁq'SS NT C.COﬂBOSi te.interl ace
Py FiPna

color tel evi sOhFPAa¥al ag, fiatne #PBia BBarce (not
shown) andl%ar 842795 may thie dSgiactivellyn sybsbitutedy- instieadtaf inter-

polating from adjacent lines, in certain circumstances to
be discussed later, the FIGURE 11 alternative using a
memory of 527 lines which allows repeated reading of a
full NTSC frame without loss of incoming information.

.20 FIGURE 8 shows how a television broadcast receiver

N can incorporate a display according to the invention;

j FIGURE 10 is a diagram aiding in understanding of
the embodiment of FIGURE 9; _
. FIGURE 12 represents the memory of FIGURE 1l at
25 different times; _ _

L/ FIGURE 13 displays either alternate current and
field or frame stored data or alternate current and
estimated-line data, depending on the presence or absence
of motion in the scene as in the divisional application;

30 FIGURE 14 is a block diagram of an embodiment of the
invention in which repeated full-frame information
further has the line-scan structure reduced by
estimation.

In the configuration of FIGURE 3, standard analog

35 NTSC composite interlace color television signals
are appliéd to a terminal 10 from a source (not shown)
and are converted to digital form by an 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 shown). The clock signals are also applied to
appropriate portions of the remainder of FIGURE
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crter 12 operated at a clock rate under the contirol of a clock 5|gna1
ed to a termnal 14 froma source (hot shown). The clock signal s are .

applied to appropriate portions of the remainder of Fl GURE - .3 -
- for"timng of the various operations. ®merally speaking, t he di gltlzed ¢ -

video is appl ied to an ? kaator 300 whi ch produces- |nterst | al estimated
‘lines at3af@ufising Lo gpMariAysoperatdions ay. G Xd 5

CFlrrpotSI t 8p éaﬁﬁﬁg,glmflﬁ n-.azed w&mcgscfzfpmmacm ai'ﬁwdt%mtaﬁort
illustra a.bl oc n e two

chir oni na%@g ??’Q;ﬁg Prodey eﬁn& els&:‘l’?érq:ﬁa g'é' QQ At & estimtors
16, 17 adduble u:estxzecforeh pllimatmhlu’oter dirspllsgs aDigiedsedn of 10
Ilgeg of unm)dlfledvdeo zerr d.el?ydfr m_t.he curre%t vi deo bgH(the

f orCAMRORALS, Fhdeo| 1 ¢ 8 SUMNINCLFCRTAMIAZRES:3 [err}).
Each est8esbderalidiusttratedr arsewsiyockoduc&mmmesepfaz@ttesrathe or :

| nancEeRAPERTE | OF [2pr) the” Tofl Rt PRRRanes &1 PR (£R) Ry °M
buffer 28pphies rthem ctprlamihanoxanpl and Q:Ibsileimaﬂomse 1a’hemsamht ed. -
oeo degileg LigmaTueTym nenih LLBLATLL 1 etk K MU B LAS
colb0 i nlinest odn'urmodifiedpptiidab t (F ) F@elidyed sffémrﬂzeficurrepe'ct ively,
200, 0 FRAREChYA o Cle! BLARTRILTAC hhe ikl “LikR CWAEER, BP0,
read outUaStestandards: jsi abont B3uS¥. 2BacisegBimatior absonucusly - .
b EHRERA S ke R PLALR, R SSERE o 1070
124, 107 intoupgla&eei) vxdene( e ofTiDe sdrdalyest mmomm feideore
e D T DR L SR
i ncr easefirat bandiinat out: |6§‘I§‘|Qg)ndauﬁfer Récthich may compnse for :
example a CCD delay line. The estimated video derived
from the lum1nance 1nformatz.on FeY is similarly apph.ed to
FIFO buffer 23. The unmodified delayed videéo derived from | _
20 the'I .and Q color information (Fypr Fyg)- is applied to </
. FIFO buffers 24 and 26, respectlvely, and the estimated
color :Lnformatzon_ (Fap- eQ) -is applied to buffers 28 and
30. Each of the six buffers receives data continuously,
~ and the buffers are read out alternately in pairs 20,22; N
25 24,28; 26,30 to continuously produce separate Y, I and Q S’
output signals. The structure of the buffers may be .
'_s:l.mlar to that descr:.bed in U.S. Patent Application
Serial No. 124,107 filed 2-25-80 in the name of Dischert
et al. The buffers are arranged for acceptzng mput
30 signal clocked at one rate and for reading out the .s:Lgnal
at'a double raté. The double-rate operation’ during
read-out increases the bandwidth of the signal by a factor
- of two and 'aJ:so shortens the duration of the signals b_{r a
factor of two. ‘Consequently, ‘each active line of video
35 vhich normally occurs in approx:.mately 53 mz.croseconds
(pS) and which 1s wr:.tten into a buffer in S3ps .‘.I.S read
out of the buffer in about 26 ps. To produce cont:.nuous
video, a three-pole double~throw toggle switch or.
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of two and al so shortens the duration of the signals by a factor of two.

Cansequent |y, each active |line of videg 35 which normally occurs in
approxi matel y 53 microseconds [err] and which is witten into a buffer in (7? :
[err] is gead out of the buffer in about 26 [err]. To produce continuous

vi deo, a@ree- pol e doubl e-throw toggle switch or el ectronic gate 32 has

a todyl e 32a coupl ed to the outputs of the bglf ers 20 and 22 for
sel ecti,vely coupling each buffer to an output digital-to-anal og converter

(DAQ) . 34. Sididctidohi® gagel ezo s sai tohgle iRarcoupied caodheeoitputs
outputs of butfens 2 %E%’Fé? g 2 Sotes FAIREEVe L cobEIa gich
Qare r econstbduwl todahi bm:;mi‘.tdn.gitdtlstd-emﬁbagtoba&em‘lzéng(ﬁh@r)aﬁ‘i-
(e LM WAL S5 rogli PSP LS 30 {s RErBHAINE i€, .
applied o aﬂiespmappwtst ofhbufifews a24i ansc Q8 anbEennadteély atdlaSDKBz It e
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Thus, the ar ralmmnaﬂ of TReGCsepaxrdte ¥acl mJQZarenEehmistbtutnrbraml:ed
non it or | ac L AHEKRE Bl Bt oMl WecBRR i ited | aRATHE T Y FRRN hetn
appear ance ofqmﬁﬂmxmgesuemspl &hé¢ ardcopshituted h¥yi Ag aaxhrPi aggnai@)
" or portl o S arPE 4An e, LpR T 0P Ao NEER YRS R, o
pai_ 20, 22 iandB sigmaist vhish taoekapplnced |tp Fac;luaelay asnitat ed
o1 %ot bt oo SRS e RiBRSCHHY. SBEENRAG HO gdrcas de#%i‘;—%?sf;ﬁﬁf )
[err] is ap;aqaémmg adb2npdR tlérn#%acf4§ ayed suléBGﬁCG@ t¥fedefput s of
\fvlr ?tcgegl gglka)ée:r?eér ator | s"%gﬁ] IZ%(?j i hr ou ﬁ[@?&'bt%ﬁée/s?%g‘éa@rﬂ%%ec' 28°1/60
15 second for a total of 525 lz.nes.
Thus, the arrangement of FIGURE 3 for each 262
1/2-line field of J.nterlaced incoming video produces and
L/' dz.splays 525 lines of progressively scanned or
. non-:.ptez:laced video. Such an image more closely
.20 approximates the appearance of a flat-field display ( a
) display not having scanm.ng lines), as illustrated by the
1mage of a moving circular object d:.splayed in :
mterpolated manner -shown in FIGURE 2b.
, ~ FIGURE 4 illustrates FIFO buffer pa:u: 20, 22 in
25 more detalled block form. In FIGURE 4, estimated signal:
 Fa is applied to an :anut terminal 410 and coupled to the _
:.nputs of estzmated-s:.gnal delay lines D el and D.,-
Unmodlf:.ed delayed signal F is applied t6 an input
terminal 412 and is coupled to the inputs of clocked delay
30 lines D ni and Dnz which may be CCD delay llnes. A write
- clock generator is coupled, through switches 32e and 32b,
in the positions shown, to delay lines De2 and Dn2 wh_ereby
Dez and Dnz are_clocked simultaneously at a low rate for -
loading with the.. estimated and unmodified signals,
35 respectively. The loading occurs ‘in approximately 53 pS.
‘ During the loading 1nterval, output terminal 41¢ is
coupled by way of switch 32a to the outputs of delay l:Lnes
Doy and Dy for receiving a signal from whichever delay




0. the posrtrons shown, to deI ay |ines [err] and [err] whereby De2 anck: Dn2

e cl ocked srrrultaneously at a lowrate for loading with the estrmated and .

ftodi fied signals, 35 respectively. The | oadi ng ocqurs in appr oxi rratel y

3 pS. During the Ioadi ng interval, output .termnal 414 is coupled gy way -
of switch 32a to.the outputs of del ay ligwes [err] and [err] for receiving &
si gnal fr.om whi chever del ay -6- * line is clocked. In the positions
shown, neiate d$céléthked. colml tHebpositidnkeshiowiny seadckeliickt 4161 ock

: _g%rgre J't?p?%‘fﬁér I tsgﬁe%%l szt 3% s#f%hﬂcg%{cr o1f'° %tc?%& 3’:?12 Zlgﬁw%rhgﬂd 3
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to &hi clcixenitatdg wh#nh|seappwesjhe£mzonmad:Hyn62anddcatnee?o€h o’

t .
or 1 zontHt® SRaEngEY 4L 48R Enidhndsd ot fFod €1 T TIERE) | 1O, "
sync ti m:&zqmtalt lswxgals:egmalempasrhe oderived tfor Sexampdeerfireoy &t twice
the 1o Syile YhpERRROR A bl Lhusthiito Shpdeagatilhalotobks
occurreﬁd&m eachoi wmmgtlnerazxaang Meopu-lss@pplledt-er Switebests read ”

toggreggﬁfctﬁoﬁasgoaa?%%g ﬁggnistﬂéc?b% ner a%orq’%é%entehgnd

.second #JGIRE iheatothe mzmenjcestoﬁsthmnemth@nznatpdr rSY®Cenpt i ed.
Thus 52{,@&%1/ ! Ol SWIRLhELCabd R %Eeaceeeé ach BoriShtatncom ng_

vi deo vi deo 1's continuousl i aval I'e at output term
FI GURE $¥n¢hdvime sspeithat Heheyda tgna%egmsamms ed Swidieme$2t&6m nal

410 or 4 aﬁde@hat g thel atub FANyRLER gedem'cabon&epuaﬁo' ng

vi deo 43 osed, of alternafe time-conpressed [err} nments i s al so

shiwn |§"'t1r T4 A FoRSHOPR HEsReA: Y ¥eSRRELRG |3 GeURTET 3Rd
_ COﬂStrU%UJ.%Ichéﬂtrol circuit 420 -at the time of occurrence of

each incoming horizontal sync pulse. Counter 42Q.counts
read clock pulses equal'to'the'numher of cells of storage -
of a delay line and toggles sw1tch S2 so as to couple read \J
20 clock generator 416 to the second delay line to 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'cbntinuohsly'available at _
output teriinal 414. FIGURE 4b shows as F_; F, the video <
25 signals applied to either terminal 410 or 412, which:.
‘signals are substantially identical..  The outgoing video
430 composed of alternate’ time-compressed F ’ EU segments
is also shown in time relatlonshlp therewlth.,
FIGURE 5. -illustrates the construction of an ~ .-
30 estamator such as estimator 16 of FIGURE 3.. In FIGURE 5,
input signal is applied to a_ one-llne (1H) 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
_ ‘delayed by 1H. The output of the adder is a signal
35 having an amplltude equal to the sum of the amplltudes of
the input 51gnals. In order to normallze the- slgnal to
prbduce a signal having an amplltude equal to the
'arlthmetlc average of the 1nput and delayed 1nput szgnals

l-—..\.



30 ° estimator such as estimator 16 of FIGURE 3.. In FIGURE S, input signal™~
S applled to a one-line (1H) delay |ine 510 and to an input of an adder

or sunmt circuit 512. Al so applied to another input of adder 512 is @ '
Vi deo siwal del ayed by 1H  The out put of he adder is a signal 35

havi ng an arrplltude equal to the sum of the” rrplltudes of the |n'put

bl tude eqttle RRALIETE RIVING) ' 518, ReAlE pleRiihor 4T ne
sj gnal s. aweramld tonkput giegnads @smppﬂ.neah tnténueu@@mzttemhéal
averaged out ?‘i% %&ﬁ]%%lt—%sa?he %%(}{’?“ 4ubay ?‘;@ré‘q_ L15%@ andripepresents

estimated output signa ayed inpu | s also applied to
ah output 5 undediaygd m@@ﬁdsﬂ-spradsekﬂ sa appappﬁﬂg?@ll tpepny oukpRE
_estlrratos e F R t w i nt er pol at or
V\Q}hgt h??éﬁ%‘& |$1]é %‘Shjagﬁ? esents! batphy éif‘éilaéHsdgeI‘h‘ i nes 6i 2,
614 and 616. The input QFResuestimators smay bacuseday F @i/@ﬁ) Sare

applied to 'ﬁﬂ.‘dh‘iﬁté&”%' Q&hﬁ -fljéic frferp %@.a&ﬁd 1§3Qh%1ffuli@>’1ﬁ9ut

standard 8x8 nultipliers yil ng the sgna S a known funct|

(obt ai ned fr&ionadi 45 mhpeﬂdbpem)casqadﬁu e 8Y0 lORs 5 %14

runni ng vari ghke 6% remsgnb thArd Vi eputy 8BS gHd BESoEP Rl d@léf life -
i nput term nal 624 and

pglles the runni 3 vari_gbl e as_a second %ggut
T i pl18rs 8F8, 20PdL e bAnkndaL AL ML EARISE TR §h8 - 0P Ahre SaBr | BPFEr s
is applied t g30 #WiEH ddy H&i Etahdded QSﬁsri\hg.ﬁt P:De?ét For bRiTtiplyiné
an estimated alue Fe of an in rst|t¢ ibg iﬁi §§cr|b in nor e
detail in U. Shepgignals, PY & KBRVE:Sun é? 3ipede r@“&l‘& Bn the
1 %y LT BB iteipiate RO <20 gepad e it
i nput si gna e out put o e e ine nd are ed to
the output t& Pﬁ?ﬂ&& é’ onse to h°‘ﬂ1 &%&n %}@ggg g:
used vvul.s thans#pm: Itymmupsllgatlziznd)faﬁpwae a:heqnunnix@mxabme as
i nterpol atorsg e t 0 0 Yo
' angoment | 81 SPRBBAE PO ahpcBul tintTers 187 ¥4e 7 °62¥ 'dhd 630,  The
multiplied output of the multlplle;s is applied to a
summing circuit 632 to generate at an output terminal 634,
an estimated value F of an interstitial signal as
20 - described in more detall in U.s. Patent Application Serial
No. 262,619 filed 5-~11-81 in the name of K. H. Powers. The
unmodified lines F, are obtained from the delayed input
" signal 610 at the output of the 1 H delay 11ne 612 and are
C applzed to the output terminal 636. -
25 - The arrangement of FIGURE 3 when used with the
) square-law interpolator of FIGURE 6 requires 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 elther analog or
d;g1tal 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 914-918. The output of delay 11ne 914 1s
3s _designated.Fn, and the outputs of delay lines 916 and 918 .
are designated Foi and F +2° respectively. The
corresponding undelayed 1nput signal ls de51gnated F
correspondlng to. the designations used in the
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di splay frominterlaced conposite video by the use of a 30 single
Fghar e-law interpolator and only two.FIFO.buffers. In EI GURE 9, conposi fe .
jeo whi ch may be either analog or digital is applied by way of an@put -

ternminal 910 to the input of a square-Lgw interpolator 912 and to a gascade-
- of delay lines 914-918. The out put of delay line 914 is 35 desi gnat ed

[err], é‘fgréﬂén%b&ié& %&fzeé&' paténesaip Qﬂﬁizﬂéﬁ ar euéeso edolferr] and
[err] res ectl hf é r.es ond‘h g u eI ayed mgut Syt i s_desi gnat ed
Lerr] c#® GEBB e‘lﬂj-'t é&’g?ﬁ? ofiS Gpaq 2 1HeP ?oﬁé\mntoned .
Power s eeéﬁnhwbuﬁeﬁnszothmmsumef sumjxﬁbotat dl‘el%@edebygd&tl@y as

[err] i péjlgd o an I|ne bufégr 920, t [err] del ayed .
by del a T‘g 145 & ~LARE R} z. Th out puts of
bH‘S e{ So?ﬁ%uﬂsdoiffbwfﬂeﬂﬁpbzﬁd éxg&tbzzt are B?gpmédﬁm'\"t?é or g?te &u
illustrated,as.a es e out put sign -
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currenttgepging ﬂﬁ%‘pﬂa&ﬁﬂlalﬂat{ﬁ gty 89+584" by reference
to FIGURE 10, which illustrates sample points on portions
of four successive horizontal lines 1010-1016' For’ .
purposes of 1llustratlon, the sampling is assumed to be at \)

20 the rate of 4 xsc and phased on the I axis. The lower

' line 1016 represents the current input line Fn 1° while
lines 1014, 1012, and 1010 corresponds to For Fpege and’

_ Fn +2° respectzvely, ‘The relative phase of the ch.rom:.nance
component is shown for each sample: Also shown is a:

25 dotted line 1018 representing a line of estimated video
cﬁrrently ‘being interpolated from the ‘surrounding four
scanned lmes of :mconu.ng v:l.deo. Assumz.ng that the pixel
currently ben.ng estimated is 1020, it 'is clear that if

. delays 914-918 each have a value of 1H that the est:l.mate

30 would be formed from the values of p:.xels 1022-1028 !
vertlcally arrayed about po:l.nt 1020. However, with such .
an array, the estmate would be made from four po:l.nts, '

- two of which have a value of Y-I and two hav1ng a value of
Y+I.. - Consequently, the chrominance value would be :

_' 35 suppressed, and the resulting estlmated value would o .
include only luminance. - This monochrome estimate is = ..
prevented by the use of delay in ‘excess of .1E by the '
amount of half a subcarrier cycle, which is approx:.mately
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scanned |ines of i ncom ng vi deo. Assun1ng that t he plxel currently belng R
estipated i$ 1020, it is clear that .if delays 914-918 each have a val ue g I
1H that ‘the estimate 30 would be forned:-fromthe val ues of pi xel s
1022- 1028 vertically arrayed about point 1020. However, with such an

array, estimate woul d be nade. from'four, points, tmo of* whi ch have a

val ye o -1 and two having a valu- of [erjg=- Consequently, the chrom nance

val ue woul d be 35 suppressed, and the resulting estimted val ue woul d
i ncl ude onl yi40manosecoRdss £FoPOtandardeNTSTS e Withr chesedde}ayse khe

oot ox wat o SREEBePheA B kAl HAIRY" 00 13 (ade PYRRAERCH FUGECpaliR) ' o
t he i nt er polsempbes olOﬁﬁl-ﬂ.tOBﬁJZﬂnshdén.eved.dng)mfdmagml)yasdnpﬂ’-'@s

1030-1036 wnahJh&aatnq 4 heo9ah. 1813 ' Lbfigleds 03008038 Ba

t he anple e same subCarTier
chr om n&nce the ameecsubaanrier phase,t 5o thak bhet n&mxmnse yiadue

1018 bet veortdepioF; SARERN Ak (e, Veluer O “Enet kRt od B1RR LY o0

) ‘30 "visibility of the line-scan structure.

designated .10 F Tbmwmuml,«amm mmrteappllalm cﬁlzf|§€§du°$$10e
[err]. two 'ame.?sgimgtagoﬁ gsae&fbtﬁd BéfULaACINEYk 1ifiRs 1012
S e used as descri and

conpr ession nu I n conjunction ,
toggl e 925 iandiskdl4e ShexeRy tproducingt ad quhx [‘i%%égpﬁtt@da

tinme- miotl p xed Ofe g Pgﬁﬁf} %mﬁhep@&ﬁgnﬁo?lhg idervi@eeces ¥itke

Delay M ne because.of the tiInme conpression

_ %{t he samc,tveq flebmeasoé;‘ Videq Are:beingsgenprated; simutaneously, time
Lu

nance- Ch &ﬁﬁf@@&faﬂem E‘é‘h&é&ahes d%&&ﬂﬁed' fihe&&sﬁxﬁeeaahs witth

create | um nance and 20 chrom nance sig

respectively. The |. qL %
signal s are EEPpRBt3d BRGIRIGIR1 225 4R Mﬁ%ﬁ tR errpnas theesftdmate
resul ting Y.add angn&haheged 3 iiés apﬁtbed td Rl Xt 938 ehd copver i on to R

G and I%.SWhI Ch'nijlerfafggrhgdtltnog Cgas te%n for further -processing. Delay
line 926 has a delay of 1/2 H which because of the time
compression has the same effect as a 1H delay at the
standard rate. Lumleance-Chromlnance 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 resultlng Y, I and Q signals are applled to matrix 928
for converion to R, G and B which are applled to display

- 930 for display at a 31.5 KHz scan rate. Thus, the .

25 arrangement of 'FIGURE 9 accepts interlaced compos;te v1deo
‘and produces at the field rate a flat-field dlsplay_
consisting of lines of unmodified vidéo alternated with
lines of .square-law estimated video. Thus the number of
linés being displayed is doubled, which reduces the -

(N

The arrangement of FIGURE 7 uses ‘a fleld store
for generating a full raster of 525 lines of :
_non-interlaced video for dlsplay, derived from fields of
¢ interlaced 1ncoﬁ1ng video. In FIGURE 7, 1nterlaced flelds
35 of composite color signals having horzzontal 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
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702. Thus, double-rate or -31.5 KHz tme-compressed video

‘signals appear on conductor 712- and are applled to a-
1um1nance—chrom1nance decoder 716 for separating the Y—-I

20 and Q components of the composxte signal for conversion to \v)

' analog by a DAC array 718. The analog ¥, I and Q signals
are applled to matrix and video drive circuits illustrated
ds a block 720, which drives a display tnbe 722 scanned at
31.5 KHz, ‘twice the horizontal rate of the 1ncom1ng _

25 signal. The vertical deflection rate is 1/60 second, the ..'\J
normal field rate of the lncomlng v1deo srgnal. The
arrangement of FIGURE 7 requires only a field store to
produce a progresszvely scanned non-lnterlaced display of
525 lines in 1/60 seconds for NTSC (625 llnes in 1/50

30 second for PAL and similar szgnals). Thls reduces the
line-scan pattern and gives a better approxrmatlon of a : y
flat field display without objectaonable increase in ' '
flicker. The arrangement of FIGURE 7 has the advantage of
requiring only a field store_ in order to produce the

35 'progre351ve1y scanned non-rnterlaced dlsplay, but has the -

. disadvantage that each displayed raster cons;sts of a w
current field and the preceding field. Durlng a shift of
scene, this can result in the display of a raster scan

¢




are applied to matri x and vi deo drive circuits il lustrated as- a bl ock 72033..

whi gh_drives a di spl ay tube 722 scanned -at 31.5 KRz ] ' (D

. _ t . 2z, twice the horizontaly ‘
fate ofs the incomng 25 signal. The vertical deflectionrate is 1/60 @
second dhe normal field rate of the incomng video signal. The

arrange¥ nt of FI GURE 7 requires only. a field store to produce '
a
progressively.scanned non-i nterl aced displ agiof 525 |i neg In 1/60 seconds

for NTSC (62S lines in 1/50. 30 _seco fo | FH ¥
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-at four ti nummm‘:acfl e.lrxplttllbl%%ﬁe%%?tg cgse 2 é\xﬂ'ﬁ?g Eheagfl@&a% °
bi e, Shaped Sagd | GRebePEivnis Mdfssaminr eesmakbhics samplas per
1118 whi ch vhor:ezontgtl 1:.ne,I gr the %dadsreesgfgﬂgrca Oirgngfécggﬂqﬁ%@ ¢ per
four 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 w1per 1118 which writes
each line of.incoming video 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
L pixel 1n£ormat:|.on is stored in the 8 memory bits at the
25 nnermost radlus. in the.position shown, w1per 1118
started a field by wrltlnq line 1 of field 1 into
pie-shaped segment 11001 and then in succession ‘wrote
iines 3,5,7 into segments 11003, 11005, 11007, .
respectively, and so forth about the vwheel. 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 retates in the
35 direction shown by -the arrow. about the memory wheel,
) followlng WRITE wiper 1118 by one horizontal line,’ )
,correspondlng to one segment. A corresponding R_AD viper
'1136 on the opposite s;de of the memory wheel rotates in



each line of incomng vi deo into a pi-e-shaped ‘segnent -such as 11002, (6[ _
: . the oldest information in each, ki ne_ ggpears at the outer, edge he .
5] and t he newest pi-xel |nforrrat|0n is“Stored in-the 8 menory bits ‘at

the 25 i r n S r
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coupt@®s. fﬁ@“‘sl’@ﬁ&lté-%ﬁ @Fuﬁhﬁammoﬂ’ﬁéﬁc@%cgaﬂjlﬁ@a%rch decodes
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segnent wiper 1136 rotates about the wheel in the same direction
as READ wiper 1134. . When READ wiper 1134 is on segment
11525, READ w1per 1136 is on an empty address adgacent .
20 address 11001. : : .
. During the next incoming horlzontal llne of
) 1nfbrmat10n, WRITE wiper 1118 will write into segment -
11004, while -READ wipers 1136 and 1134 step to segments
11001 and 11002, respectlvely, and line 1 of the odd field
25 is read out from segment 11001 and Just-laldadown 11ne 27 -
of the even field is read from segment 11002. The NS
_readlng proceeds alternately at an 8xSC rate: prov1d1ng |
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 tﬁe secoﬁd-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 correspdnding just-laid-down even line.
Eventually, WRITE wiper 1118 will reach a . .
position such as is shown in FIGURE 12a at which it has

-




11525, READ wiper 1136 is on an enpty address adjacent 20 address 11001. ..
L Duri ng the next incom ng horizontal, line, of information, WRITE w per 1118 l‘a
WI|| A ite into segnent- 11004, whi |e- READWlpers 1136 and 1134 step to
segnentsT 11001 and 11002, respectively, and.hhne 1 of the odd field 25 i
read out from segnent 11001 and just-laid-down line 2 of the even field is
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READ wi per 1139 mnbrmaalt.mﬁp@@osatgm gshown inmFLCURE 128 .
I's shown in Flhgi gég}me\!ﬂggig l@g&fg ﬂfﬁﬁé E‘illl%cﬂgaith' eheriddcéng sgaend

line 15 of -v econd frane, READ ‘W per
1134 readb | i of vigieq mfptb@eeﬂﬁgﬁ fothewsesond frame, READ wiper

1134 reads line 1 of the precedlng frame, followed in
quick succession by readlng of llne 2 of the preceding
frame by wiper 1136.
. ' The reading of lines 1 and 2 from ‘segments 11001
pd 20 and 11002 constitutes the beginning of the second readlng
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
) overwrztten into the memory until the second readlng of
~ 25 the presently- stored information has occurred. "READ wiper.
1134 precedes WRITE wiper 1118 in its clockwlse excurszon
about the memory wheel, until near the end of the incoming
" first field of the second frame, the,w1per pos;tlons are
'as 111ustrated in FIGURE 12c. - '
300 . ' In FIGURE 12c, wipers 1134 and 1136 are
- . fposztloned to read the last portlons of the preceding
- frame by a second readlng of lines 524 and 525 from memory
segments 11524 and 11525. WRITE wiper 1118 is positioned
at the memory -location which was 11523 and writes into it
'35 line 2 of the second field of the second frame, thus
converting memory segment 11523 to identification number
12002. Wwhen reading of 11524 and 11525 is completed, READ
wiper 1136 steps clockwise to 12001 in readiness for the
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I ck succession by reading of line 2 of the preced| ng frarre by w per 1136.
e .reading of lines 1 and 2 from segments 11001 20 and 11002 constltutes -
he begi nning of the second reading-of the precedi ng frame. The readi ng of
the' frame occurs in the tine required for-witing in one field. of cusident .
information.. Since the current infornmat<ld=cannot be overwritten into thé
menory unti |l the second reading of- 25 the presently stored information has
occurred peﬂ&qmaecbecpyqlm amd:osiper\\R1BE & teps 1 cogntiey tclocknise by
excursi o nti e f ng first _ .
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W pers 12981 iﬁ'r nfé%@ rBEhES tlrzg 9“53@33 1rf$£§ {59% 1PRS $3iM30 segent s
12524 andold%2datand OR EEsmmralljtSen@taﬂ)SJ tsegﬁén'@ 522 H@to segment
1503, YRR i B LR 3 08" 10 il B BeARR 11522 1
(becom:.ng 13001) at the same time that the last two lines
of Frame 2 are read from 12524 and 12525. The second
read:.ng of Frame 2 begins with wiper 1134 jumping ahead
by two lines to segment 12001 while wiper 1136 steps ahead /
20 to 12002, in read:l.ness for the second read:.ng of l:.nes 1.
and 2 of Frame 2. at th:Ls time, WRITE wiper 1118 steps
ahead to segment 11524 preparatory to overwr:.t:l.ng :Lnto the
segment the second odd line of f:.eld 3, connect:.ng 1t to N
1dent1f:.catlon 13003. It wJ.ll be recognized that this is ()
25 the same cond:.t:.on as that preva:.l:.ng at the beginning of
_the second read:.ng of Frame 1. '.l'he operat:.on continues
- with the. cychcal advanc:.ng and retard:.ng of the READ
wipers relat:.ve to the WRITE wiper posxtzon to produce .
‘ multiple read:.ngs of each fra.me while at the same time d
30 prov1d1ng cont:muous wr:l.t:l.ng 1nto the frame -store, which’
contains only two l:Lnes of memory more than a complete .
frame. As a result of the two extra memory segments over
a frame, the operat:.on results 1n a counter clockwise
progression or "precess:l.on“ of the two Yempty" segments
35 about the penphery of the wheel. _ ' ' :
’ ' FIGURE 11b is a more detaJ.led block d1agram of
.control port:.ons of the memory arrangement of FIGURE 1lla.
Those elements in FIGURE 11b corresponding.to elements in



(betom ng 13001) at the same tinme that“the last two lines of Frane 2 are .
read from 12524 and 12525. The second reading of Frame 2-begins with wi
1134 ‘j umpi ng ahead by two lines to segment’ 12001 while wi per 1136 steps @
.ahtead 2gm to 12002, in readiness for  'thé second reading of "lines 1 and 2 -
Frane 2%¥ At this tinme, WRITE wiper 1118 stefs ahead to segment 11524 @

prepar at ory to overw-iting into the segrrent Bz second odd line of field 3,
connectlnglt to identification,130

be recogni zed. t
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about the peri oc
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el enents in 5h@dREalddresnreopnné|mg.Jt4s ewbircht reae:.veﬂ 4¥SC Kkoake |
d ted b I t
Standard r ecPRRaSra At BrEAEEE B M Paul® IBakebity Phich Hid Abplicd
each hak0ng 80bmempryﬂiik@d3855hefhﬁﬁﬁW@I?ﬁladdﬁenEs aTbe MSB of the

t f -
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4xSC cl ock 0
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MSB-control of the, ad dress of
perlodlcally without stopplng.
READ wlper 1136 makes a regular progression
_.through the memory in synchronlsm with the WRITE wiper but

— offset 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

KJ' produced by counter chain 1152 is coupled. to the MSB-
25 portion of the READ address of memory 1116 by way of a ]
- halfbllne ‘switch 1156 operated by a 2 fH signal derlved by
a decoder 1158 coupled to address counter 1148. Decoder
1158 decodes the output of counter 1148 and produces an
- - output pulse each tlme 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 line’ of 1nformat1on at double the
wrltlng rate. .
 The MSB for control of READ wlper 1134 is
35 generated by a d1vide-by-527 counter chain 1162 which
counts horizontal-rate slgnals and produces address
control signals applled to the MSB input of the memory by

way of switch 1156.
. £l
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15 described, WRITE wi per 1118 progresses through the nenory peri odi cal fy”®
_out st oppi ng. READ wi per 1136 nakes a .regul ar progression through thea
gry in synchronlsn1mnth the WRI TE -wi per but offset therefromby a
constant 265 lines. - Consequently, 20 the MSB for the addresses-for D )
wi.per 1%36-tan be generated by the decoded.put put of a divide- by 527 - 7
counter chain 1152 which I's reset to zero by a decoder 1154 each tine B
counter 1150 reachesTheestepping fesvarthandpstepping bycko@f &bhehain

1192 16 cRualiton fof MRENEP e OLLEAN 1) ey ECAD S TRSugberrErYa 1110

by way of "a h -line swt erate gnal dériyved by a

decoder 1188 m@lﬁaeéd@ﬁ’eﬁ %@%ﬂﬁéﬁoﬂﬁm 1@@%@&@15@%@@1& tPe2

-output of couint &£ 1368 Byd da&%@fScﬁaltho Pahge ch s8R Reowetar
reaches either 455 or 30 910._The LSB of the regad address_i s_generated by

a pi x8 addtZ LR e Founds af 282, byherelewipsak 4 nfrdd@us Yipex
readi ny ofpigach 14 rszvf-ae&foareiatwesake%es&k&stﬁe wrlﬂum eehmihs 8% for

hai 1169 EGeUR SR+ T80 Akt thate L FY LR FRAIRE LI LARI R A
control sicousits Pl edsiactelﬂed\tﬁ&eﬂpeha@ntslz'm?@%@té)ywau:f gaviach
" READ wi peFORRE) O | 46P0c SOgTANE: OFPUFTERAF | OF . bhsnitubheatlt, oF
263- ﬂecodszﬂl%a\ktebettin@@aﬁses ehentadirassely ﬂbwrmpesthan:llﬁa and
Wpor 1r1BrecRdsine daazestad Ted Rintin, Thie BYGtin "LERe, T E Courcer,
1150 and teqwunedJnE sets counter 1162 to a count of 1 Slnce count er. f'
chain 527 resels 1kl hiin, Sk he” B E"e b5 BMLTIER Todley' !
precede tin amderses inr thepe:hﬁdxﬁﬁnancen@hase wha.chaqtesuﬂlts from
- 15 lack of completlon of a full four-field chrom;nance frame.
o For this purpose, the output slgnal applled to lumlnance
" chrominance decoder 1141 may include a phase shlfter for
shifting the chromlnance phase at the beglnnlng of readlng
. of each new frame. For this purpose,-a 001-decoder 1166 \\)
20 . is coupled to the reedHMSB line and sets a fllp-flop
'coupled to the phase-control input of decoder 1142. .
The arrangement of FIGURE 14 uses the
full-frame-plus-two-llnes system such ‘as 1100.of FIGURE 11
_ together with an estimator such as the estlmator of FIGURE g;,
.25 3. for produczng repetitive full frames-of 525° lznes from
' memory 1116 1nterleaved w1th 525 est;mated 1nterst1t1al
,11nes for prodnc;ng a progresslve dlsplay of 1050 lines
with a hlgh fllcker rate. In FIGURE 14, double-rate (525
- line in 1/60 second) progre551ve video 1s produced at the
30. output of sw1tch 1138 as descrlbed in conjunctlon with
FIGURE 11. This double-rate 1nformetlon is passed through
a lumlnance-chromlnance decoder 1410 for separatlon 1nto
Y, I and Q components which are applied. to an estlmator
300 of the type_shown“;n FIGURE 3, except that the delays
35 are H/2 (corresponding'to'abont;31 7 pS) for generating
1nterst1t1al llnes. Estimator 300 estlmates the value |
which an 1nterst1t1ally scanned llne would have,
generatzng pairs of unmodified and estlmated lines whlch



Mutfiple readi ngs of the sanme frane can result in an error in the ¢
chr gwi nance ‘phase which results from* 15 lack of conpletion of a full ™
fouf-figld chrom nance frame. For thi$ purpose, the output.signal applieg @
to | uni@gnce chroni nance decoder 1141 may include a phase shifter for )
shifting ttrethrom nance phase at the begi s7ag of readi ng of each new

frame. For this purpose, a 001-decoder 1166 20 1is coupled tdb the read MSB
line and setaxea- time-compresseiddy cat fiurthes:-Lacton ofnfwo of Theseer
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esti mat or owhdichUrEresthes. ﬁpplp;eﬂjub@ ng Pafetdnxyay 1420 ffmmr@dusm

dines- from ¢ 11 e t | i toel a

| i nes for producl ?réfglgegy v |¥s\él goi‘zép?lgbé?ﬁﬁgg B&eﬁy th a hi gh
f1icker 5rat matmn: n 94a d@LﬂHJ@Yalé ésfon |m’é°¢\ic-}ﬂ€035econd)
progressiveny oﬁé u Q’ﬁ{ﬁ AYsEf: kcBakh3d psodescri bed .
i n conjunct Pon iéjF‘?ggEg%l ‘%Eﬁﬁgggl gq ate q) J(?;ir"mzmat [ gn I's {;gssed

t hrough a | g&s9®hce- chr ani nance decoder- 1410 for separation into Y, | and
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FI GURE 3, except, that, the del
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output of the second detector 1s a composite te;evzslon
signal together 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 audio FM detector 812 for
20 producing baseband audio szgnal which is applied to an
audio amplifier 814 and’ speaker 816. The composite video
signal -at the_ output of a second detector is applled to a
sync separator 820 which separates horlzontal sync for use
\_J - in keyzng an AGC program or control c;rcult 822 and ﬁor
‘25 other purposes in the receiver and display unit. The
" composite video applied to programmer 822 'is keyed and the
amplitude of the keyed'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 display 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 '
progre551ve1y 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. |



recei ved by the antenna and converts that channel to an internediate .
fgrequency (IF) for anplification by an IF anplifier 806, The anplified 2
ﬁgp, al is applied to a 15 second detector 808 for .denpdul ation to . -
baseband. At the output of the second d%gct or is a ‘conposite tel evision -
si gmat Togefher W th an audi o si gnal FM ulated onto a 4.5 MHz carrier.

- The FM carrier is sifg%&gtfgnga aweobg%#ﬁéﬁ%%@%afw tp o audi o

FM det ector 812 fo praducrng base nal Is applied to ;
an audi o suhjectetos® REeblevaid thes presensep el tae changesiihascenet he -

out put ofoR SEEEE Ciﬁtaeftn?:?tiénaﬂﬁ $dénd, S APREK At eSHu b bl

separat es orizontal sync or use:-In eyl ng an program or conttol
circuit gaterbaced zsnagoshepppaﬂ:p@svesthe Sﬁmmﬁtéﬁd diHQWeyetni.t .

The @pThony L enl! dBa el 168 hOLROROATESr PaZaRp IR APdad'on which |

anpl itude of t signal is_use to cont al-n of contro
st ages |M%r1§0%ﬂ@@m€¢de agkax co@&liiénléxop@@%%dabﬁl ied -

to a_ di sa+ PIgresside s @éz&ﬁﬂgn ﬂ%&fﬁﬁevs&hw df"\?{'déBYﬁ?cé’rﬁeééhay

unit simTar to, disp li;%l uni t _700 of descri bed, display unit
700 receiWiiEh gl inesy fFon rﬂefl&éédsé?%lgéﬁsﬁ BeREEREATEand produces in

a like .ifdp¥egéntat it o581 ¥RbY imadeed Phe neﬁﬂéﬁﬁia’é@ésr@fesmmtsdl ng
35 . i nformatlon from_the current fi'eld and fro&ndthe previ ous jleﬁf '
LBt h.
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case ”Uﬂvi&éb. FIGWRE'EEeﬂllﬁﬁat%ﬂﬁsﬁﬁm aﬂr@ﬁyéMEQﬁeinbxﬁding an
However, . * Ln th abs nc on-as,for exa | e aréas_in.which
there is eoﬁpd?ﬁ:?ﬁﬁg %ﬁﬁdc‘x{]’%aﬂ%ﬁ'&? Ihr b§ P(}‘é? gﬁ
scan§ ng axd mangemlemesfmf swrﬂtom.uigerbméem HsﬂiMeér orﬁepéndiﬂgst ore
i ves an AcclMSehel Seatidh! a2k o | I8 res T 4P SHRRSLD" St Ofne
raster being estz.mated. In FIGURE 13, digital video is
applied by way of an lnput term;nal 1310 to inputs of an
. 1nterpolat1ng line estimator 900 and a field-store memory \~)
. .20. arrangement 700. Est;mator 900 is similar "to the
) sqnare-law interpolator designated generally as 900 and
1llustrated in FIGURE 9. Field-store memory system 700 is
- similar to the system of FIGURE 7. The lnput 51gna1
applied to input termlnal 1310 is also applied to a motlon
25 detector 1312 for comparison with delayed data for
' establishing the presence orfabsenoe_of'motion by
generation of a switch control.signa; on an output
conductor 1314. The;signal_bn on conductor 1314 is
_ applied to a multiplex switch. 1316'which'in the presenée
30. 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
lumlnance-chromlnance decoder, matrix and dlsplay as
. 35 illustrated in FIGURES 7 or 9. ' - .
Motion detector 1312 may 1nc1nde .a flrst and
second delay ‘line 1320 and 1322 coupled respectlvely to
receive low-pass flltered current and fleld-delayed

o o .
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nay .sometimes be erroneous. However,. the-effects of notion do not greatly . =,
i nf4 uence the estimted video. FIGURE 13 il ustrates an arrangenent i
i nchuding an estimator and a field or frame-store nenory together with 15
an arrapgenent for switching between estinates, depending upon whether

noti on ists in a particular portion of the raster being estinmated. In
FI QURE_13, _digital _video is applied by way of an input termnal 1310 to

i Nput's of an interpolating line estimator 98and a fiel d-store nenory 20.

arrangenent 700. Estimator 900 is simlar to the square-law, interpqlator -
desi gnat ed gehghalsyand dup futherydelay chemFPEURE transmigsios-d iRgor y

system 700 ige fh?‘ %?‘f&* Qd ZFF édﬁtaangy {i()l%E AtTE%dee?'Sfahh@Iﬂél%f{

~to input termn I's SO appI| a_nption ector 1312 for
conpari son va§hthel sjamalaiRaseesecihaouan dplaxs Qﬁ&gﬂﬁﬁﬂo¥ 2Bzence. of

motion_ by geesxh?ata%o&fs &msebaeeat @@nﬁmy a8 fmzzyt seédw‘a‘dn -
- 1314. The signal on on con ductor 1314 toa nmulti X swntch 1316
whi ch i -t heCRFESBECPiXRL Wi thot henfe-ais#-ecfe%ays mr;ﬁﬁswglpé

signal from gsdi GRERT Wk ia thei n%&ic&t&b@@%é%b@r@%ﬁof

output circuit the output of the field or fra sto The qut put
circuit may makehudeThe signalsi axRc: & £55989 Inhg%ﬁngf ors

di splay as 3gesighhteld Yerteral IyCaBEII2@rafd &ggmﬁdieﬁ@caoeoﬂag&m
Include a first_and,second del a Léne lazqht%g Olil'PJé_g respectively to-
recei ve | ow-b348 VRACH GPMRATSH LhfdWeid | § ‘el &jgnals and to,
fA tuLt/heL:.oitel ayrébé'gbbgu«’ndd %:tfuma- h:mw&attedua& 3 tealﬁfaye%gmd iffer
each ste e de as_the signal passes rou n

25 Conpar AF5HATRE YHELHER ERERIRR, I 15 om0 EoREhie Tt A9eal T 4 She
pixel\Mtr1tseeﬁeeld{debnﬁﬁtcbornamuhﬁth;rtxmé a&ﬁaunﬂrxnmdeceﬁ'&he .
signal i ndi g gy 0F pLG ' SEe 8L B LA tn e SLIAR B G APPEAK 6¥ She

wei ghting r
control signal, further delays 1332 and 1334 may be

15 required. Other known forms of motion detector may also

be used. . _ .
s . - Other embodiments of the invention will be
. apparent t6 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 matching,
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.
) {
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des onated generally as 1326 and applied to a conparator 1328 which T
C @ghres the weighted signal with a 10 predeterm ned threshold illustrated .
Jbattery 1330 for deciding whet her there is or is not notion locally in

the scene. In order to match the tinme_gp.occurrence of the signals being
processed with the tinme of occurrence of the control signal-, further

del ays 332 2?31334-fny b§¥%§emrgﬁgobggducghae@nﬁ@mgbé(3fn%cﬁ notion

detector o0 be use her e di nents qQf e Invention will be

appar ent t@%é’@&rﬂl%ﬂ tinenscapped iR gR, dnt@rdaced MANREY uncti ons not
shown may liﬂ-dmwrﬁ-ﬁdeet o£0su&uehshbemogeh%ra9dé&1 firgt igms i ncl ude

gamma correctio cal ri,z I a erture correction color tint,
brlghtnessﬁﬁﬁ? rﬁgéééscgﬁtggFE cF&%ﬁFi %ﬂiﬁﬁﬂqﬁ# %g and
par i ng st he siigmmls\hiedchr rane kepwesénnatdve ofd the dcery; be i npl enent ed

I n known fgfhlgg wg%le the 25 enbodi ments shown performtheir functiong,/
in adgit al og signal processing can be used. Attention is drawn

to our Appllcatlon nunb&ns8ﬂ9!95tordng|dadafmemanaqneinastegmélcatlon
-20- 1 CLAIMS of ]sajfod §&§§‘ Eﬁﬁna'igd%' E&rﬁx”d}érl% 5 &840 Whi ch s

i ne- scanne I'n an I.n ace ner pr-oduci ng succe55|vely
. gener at ed fMideo FHiERALBAD fiel ds of field-interlaced |ine- scanned video 5

'signal §,9 each frane rfﬁféﬁﬁ&lé&ibﬁ ﬁBath %d(ﬁﬁﬂﬁéfarﬁkoffﬁés for
| east ,one |l ne video signals to form del ayed

|S|t(r)1rel anlnn\ﬁ%n% sq[%;]aggneggting 1nter5tiiﬁ§-gl diiR&SHP¥eans coupl ed to said
storing m&&&éﬁomﬂt from gemporalilyl ahljaﬁ‘édw liﬁﬁpcﬂml on from .
e 1 e, w282, HEARIab 3 el L A e R % 0O S5
i ne- scan\nahxfﬁelﬂwinterlaced manner, successive temporally
15 adjacent fields of llne-scan 'video signals
alternatlng in each displayed field between lines of
a respective field of the or;glnal video signals and
interstitial lines generated by said interpolation
means only from lines of the same field. ' :
20 - -- NS
' 2. A system according to claim 1, wherein
said interstitial 1ines'are-the average of two
adjacent video lines. '

25 3. A system for producing a flat-field S
representation of a line-scanned image comprising:
means for producing scanned lines of video
signals each of which is representative of a line
scan of the image information, which scanned lines of
30 video signals, if displayeq,produce obJectionable
line-scan structure;
means for storing at least one line of said
scanned lines of video signals to-produce stored
video;
35 estimating means responsive to said stored
' video and at least one temporally adjacent scanned
line of video for producing an estimated line of

R )




al ternating in each displayed field bet'Ween lines of a respective field of .

the original video signals and interstitial |ines generated by said i
i nterpol ati on neans only fromlines of the sanme field. 20 2. A system
according to claim1, wherein said interstitial lines are the average of

two adjacent video lines. 25 A system for producing a

flat-field representation of a |ine-scarfred i mage conprising: neans for
produci ng,scanned || f vwideo sjiqgnals each of ich iIs representative of
a'line scan XfaFﬁewhﬂgéeeﬂoﬁﬁﬁf% ié)%%ﬁ‘i%’%c%%T?ﬁ@g 8% 881¢i deo

signal s, if dmageapettwepnodaid ctored card adjacentschinesguct ure; neans for

storing at |east one || | | faYide L.gRal s to produce
stored video; 35 hggn%fefgﬁl %ﬁ%%%és%iosns*geg?ékggrd stored
Vi degjand at estimatedec andnadiacent dl ines by cirfactor needateddso f or

r oduer ngsan t | - [ [ e uced by a
p gsan¢hea! g%ft‘i@n'tb% ¥ sum %ids the Jﬂg[ri]bdé!; dfgcﬁﬁghﬁeﬁ 1Rhed y

| i ne-scan of sai d_I nage between sai tore I nes; mnmeans for
ti me- conpr es 9EnYi9gp) Pero fa@dmeys Whaxe Sald sup k% nthei su® 8§ fFheactor

related to. SpulPedUeE sAlidlestimiteddlifés nadesad seanned fNineg of video
per franme, where,said sumﬂﬁs t he sug1 of the nunmber of said estimated |ines

and sai d scaRfe¥ifeRePe¥ fFAMRY ANt rane: and neans for displaying in a
| i ne-progressive 10 nomeland Eomtdisplepingniera rineéeppogeessiper ally

RO et N Aot A AL, ARt PalBofRi " P
estimated |i adjagendr fiedds/ obilinstscanivideeasignalsnly fromlines of
thg_/sarre fielsdrednatdty SH Gach displayed field between lines of
a respective field of the original video signals and
estimated lines generated by said estimating means
15 only from lines of the same field, whereby said
objectionable line structure is made less visible.
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ionable line structure is nade less visible. 20 25 11111111 111111
34111111111 © -22- 4. The system accarding.to C aim 3. wherein said

| dee’/ si gnal s | or television signals, and said estinmating
means is pr ocummimwmm mior separating the | um nance conponent from
the chrom nancé cbnplonént sof *sai d conp05|te video. 5 S. The system
according to Caim4 further conpkhsing.: neans for delaying a said
‘conpongnt of said COMOSi tQ nfLrst, dthird de ayed
10 coﬁponent sanples Tela |veiéé%%l y%%éﬁ}éh'?gsgé % ?%Rn fa
conponent !adppeswlmamfmmmmtmgcebgetheﬂ.emsg.ldredugﬂa.hs,_of sai d

current sa OlEs Ofi ¢S I anples to form an

i nt erpol ate S|gng?Q%g%?g£ent t?ve %f g?%ﬁ%% ed l'ines of video. 6.
The system accor di ng means fox &W%tnngathenQMnm%mdnhe of

vi deo per H-Siieth% %om&w@&ndp fEt6FBESTdl i3 sald
factor is two. : tel evi si on ?ay system for UC|ng Tat-fierd

represéntatlon of a line-scanned i mage from vi deo S|gnals representative of

scanned-1ine image igor rvniéossr] raééfPdikg to Claim 4 dRlAhdEANS for
storing at |east, qne |ine of e scanned-liné video signals to produce

st ored V|d€8m?Fjﬁ%n9%5t|nat|ng means coupl ed to said delay nmeans and to a
source of said scannasednsiefost d@@lsyﬂﬂ@|5 s8sg0kompR e 5 J £l sdd ed vi deo

o o < onaPhebBit, Sl e Y £FeaT) TEEChne Mad ind, diad. | "
produckd bgompbnentsamples arelativel ptdal ageld Rt &elsigedaletwem
current component sample; and ;)
means for summing together weighted values of
said current sample = and at least some of said delayed
samples to form an interpolated signal representative of
15 said estimated lines of video. ' '

6. The system according to Claim 4 wherein said
number of scanned line of video per frame is 525, said (;J
number of estimated lines is 525 and said factor is two.

20
7. A television display system for producing a
flat-field representation of a line-scanned image from video
signals representative of scanned-line image information
comprising:
25 delay means for storing at least one line of the

scanned-line video signals to produce stored video signal;
estimating means coupled to said delay means and

to a source of said scanned-line video signals responsive

to said stored video signal and at least one temporaliy-

30 adjacent line of said scanned-line video signals for
producing an estimated line of video which would be produced
by a line-scan of said image at a path physically between
the paths scanned to produce said stored and adjacent line
videdsignals;

35 . time-compressing means.coupled to said estimating
means and to said delay means for time-compressing said
stored, adjacent and estimated video signals by a factor



the{paths scanned to produce said stored and adjacent |ine videosignals' 35 .

tinme- conpreSS|ng means coupled to said estimating neans and to said dela o
means for time-conpressing said stored, adjacent and estinated video 4C§?§> .

signals by a factor -23- 1 related to the quotient of a sumand th
nunber of scanned |ines of scanned2Bine image information per frane,
wherein said sumis the sumof the nunber of said estimated |ines and said
scanned | inevedatedssantbe quetiante ©fizyaum agmi tharmmlaau dfspl ay nmeans

coupled to Sébﬂphéaeliﬁgﬂr@?“dﬂ&dﬂﬁﬁ“ifﬂg Jacent f?gfprogresswe

non-field interlaced manner, successiyve tenpora I ds of
| i ne-scan 10f¥aMGe WhEREAR ﬁﬁigwﬁﬂﬂlﬂflﬁhﬂxﬁﬂmcﬂ [ﬁaﬁeﬂﬂmbﬁrd°§etmeen

:lnes of a rs&gagésﬁmgtead 1qfnetd1%rmIsalrmlsldaxgﬁéuszlmﬁeé%fsndhestI mat fed 4
15 o0 P8 peanpban e iideR, AT @t Tty 3our ce of i nter! aced
Felfy|5|on S|gnal or gadiisplayn mexnslauupnédeﬂaksatdcg ?crur succeSS|ve:y
in tinme, eac | el evi si on signa

i ncluding a E e%gg‘g fggri%iie?'{?é%g d##& d%&ﬁ#gf Rns incl udi ng a
menory with dineepxggressisie ymrf-ﬁtelckaimterﬂsad:edlanannegeneratl ng a

brogressi ve Lglouision Yol IEPNUE AL |$8 11gbdachpom sai ¢

interl aced t élevrsion sal ressive tel evision

si gnal i ndQuwidegol signads @ght@;rmxn@ in eﬁiplbfdib%vfblai' efieddd tel evision
signal al terpaliee ' aih@?d@ tah féﬁﬁéééis}é ¢idldeSE denevsfla.&iaanadJ acent

| i nes of the sane said I nterlaced television gnal. _wi t hout

CQQ/rlbutlonVﬁQGPiﬁk&H%%s1§4§(P i@éﬁ?ﬁl#&%ﬁ?d@%ﬁ??é?ﬁ@l?Yoﬁaiﬁgnal and
di spl ay nmeangstimaeidig'meansSVrilly from lines of the same field.

15 8. An image display system comprising:

a source of interlaced television signal
organized in interlaced fields which occur
successively in time, each of said fields of said

:‘) interlaced television signal including a number of
20 received lines;
converting means including a memory with a

storage capacity of at least one line for generating
a progressive television signal organized in
successive fields from said interlaced television
signal, each field'of said progressive television
signal including lines of a respective field of said
interlaced television signal alter Lnaaj;‘ng in time with
interstitial lines derived from eaég-ei—ea*d—feeeiveé
lines of the same field of said interlaced television
30 signal without contribution from another field of

said interlaced television signal; and

display means responsive to said

progressive television signal for scanning an image

in non-interlaced fields, each of said scanned
35 non-interlaced fields being derived from only one of

said non-interlaced fields.
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ofyr essi ve tel evision.signal for scanning an image in non-interlaced
€l'ds, each of said scanned 35 non-interlaced fields being derived from
only one of said non-interlaced fields. -24- 1 9. An inage-
di spl ay -systemas clained in claiml,and substantially in accordance wth
any of the alternatives hereinbefore“described with reference to the

acconpanyi ng draw ngsg, 5Aﬁ01mage display system as claimed in
claim 1 and sdbstantially in accordance with any of
the alternatzves hereinbefore described with
reference to the accompanying draw;ngs.
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