- PROGRESSI VE SCAN TELEVI SI ON SYSTEM USI NG LUM NANCE LOW (;\

FREQUENCI ES FROM PREVI ORCAl BIS[385 5 Thi s
invention relates to tel evi si on systens of a type in whi ch interl aced
' wde‘o i-nput signals are converted to a non- interlaced or

"progressively scanneBROGRESSIVE SCHAN TELEVISION SYSTEMevi si on systens are

non- i nter | aced or " pr ogPLSG ! ﬁﬁ&éﬁpﬁm@?ﬁ%{iﬁdthg nunber of

hori zontal |ines displayed i EREVIOUS FEELBubI Advant ageousl y, such
- systens reduce the visibility of the line structure of displayed

| mages Si nce, doub t he nupher of displayed |lines requires

mre |.ne§htshawzmé°tacrpi@f=?ytot FelGUINIOn oStemar of (B\¥PBelh a number of

1 5 proposhich fiaterddded niidgo timput esignabd aredebrverrsl "tol anasn- An

are oot af SRRy e eGbreRabTyr SRS, SBh For di%FRY ™ escri bed by
R A Dischert TeleviSonpaystemss ase 5ke@wnein i which an ineEl@edSivile® SPLAY

W TH DOLBLER O ZEHTrtkt NS it gbod Uef WRYERERI . sdfiea™n

exanpl e of system.in nt er st nes are
obt ai héd HAPTMhtiBr Yeigh | GW @pmber of allﬂrﬁfl!ﬁ@l \}H}etsl éhﬂplﬁ"‘-‘rﬁbs‘noﬁ fisld r ecei ved

15 o RS Aoy, S S R e
entitle -
whi ch i SSUS&‘EX‘E? g\l 185e dlsgggyea/dn%ge exarrpl es include the system

descri bed Sh;cequuang ¢he anumber WS dipplayed Linge orediliresntthoteed DOUBLE
SCANNI NG L d 2, 1985
and the syfes ] ”ﬁgﬁcfﬁ‘é %ﬁhg“%f*@ ?V‘fm@ ¢ Bebfia_pumbgfPbrl %o
entitled TRIop@sal aVERgl dditgnaty) hnmR BLI NG LI NE

SCANNI NGdl‘e?é%ﬁéC‘égwm %gbﬁlsh'ﬁ?dwhlch th%éq&@redlggﬁtra lmes for Thef above

0 ol oy ar DB vt “OGiReH i TERERGHE Tinds of, a; RPTSISIEBR! 48 vi deo | nput

5| gnal . fl'hil&s"cfmedl bly B'r'ogr eBischert i U.Scpateao,415j931 ieaticlednonl y known as

intra-fi ehg{.EVISIbN“m?PIFA gf gw?{(ﬁﬁﬁé ﬂ@]‘[{i‘.’ﬁ@fwn?cﬁ hat there
e artirac uce or con

are no Vi s| _ I mages
fiel d20o- fisened Mevember 15, 1 v n examplei of 4 Systeay aimt a@uchnthmat t he

vertical resetd"idinifferstitial lines are obtained by interpolation of
adjacent vertical lines of the received signal is described by K. H.
Powers in U.S. patent No. 4,400,719 entitled TELEVISION DISPLAY
SYSTEM WITH REDUCED LINE-SCAN ARTIFACTS which issued
25 August 23, 1983. Other examples include the system described
by Fujimura et al. in U.S. patent 4,509,071 entitled DOUBLE
, SCANNING NON-INTERLACE TELEVISION RECIEVER which issued
v April 2, 1985 and the system described by Okada et al. in U.S.
, patent 4,451,848 entitled TELEVISION RECEIVER INCLUDING A
30 CIRCUIT FOR DOUBLING LINE SCANNING FREQUENCY which issued
May 29, 1984.

The above mentioned systems describe arrangements in
which extra lines for display are derived from a currently
received field of a video input signal. This form of progressive

35 scan conversion is commonly known as “intra-field" or “line"
conversion and has an .advantage in that there are no visible
artifacts produced for images containing field-to-field motion. |
However, there is a disadvantage in that the vertical resolution of
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-2 - di spl ayed images is not inproved and nmay be degraded,

particularly where vertical interpolation is enpl oR€A 851885his ~ tends
to "soften" displayed i nmages. It has been widely recognized that
" the added lines needed 5 for a progressive scan display can be obtained

froma predispliyed imageel @ mat hi@ﬁpﬁ%ﬂ fahﬂ][n_ arln rtie?rﬁdg\tilgfﬁ,e: Vfg"f ield.
Such syste . r wn gener a as . :freld, or “inter- . .
progressi\ élccgrllarl?_ eVﬂs%ggt é’ﬁgl%ﬁd lﬁtgﬁg?gaq%e lﬁumlogFHw%’Hﬁ a@"éﬁ | i nes by

i nterleavit§gds to ‘Ispfien” oflisplayed cimages: ecei ved field with lines of a
previously 10 TieR&s Isskr iw@ldély ArecdgndidRallthel W8HEd RnhBY’ RESde® Scan
processgi ng. Is that still 3. es are, produced th the fu]l vertical
resol uti o%%f 4 PrOgIESSIyYe; @‘?%I‘ilg&g(Yaﬁﬁ%dbgr%Wé"lﬁd m'ﬁﬁb.a previous An
exanpl e offield’ fratied thangfesmi \aecatr&ngly_sréict@i:vedsfiéllmgr imRECI Es\;;;gnp%}é_%?%% 2'[
l. in U 1, entd L@ (N

o Rour T P LRI GetEkptE caf gt or I&E%é%ﬁécvpmswsm% F&8Nanuary 17,
1984. See ®Mséwms Lard doubleashei numben OB displayeudines’ bichinterleavialg.

publ i shed l%s“‘é@uﬁtcurrentll};l%%%i@é}p fFélH' w:&riclggsagf-rgl-ﬁév%w S| GNAL LI NE

|, T f e v

DOUBL| NG e . rtunately, field progressive can syst ens
suffel 20 reFF’dr?ﬁa Aol am 2 VQ'H&gei‘Pg fieldd- PERSTESSINCSEAD NPROCESSING n a

scene the is that stikplmuges idi‘agpﬁ)d&i]iccbﬂhhﬂtlﬂthé_rﬁﬂl vertic\%&dﬁ@lﬁt{i&i <|s>t_r<r)lteal eer?re
W th progrgssj n ce [s_of .t type in ich extra |ines
der i,vgd :Egr'igfndarY Pg\f}?oag&ﬁeeqsg??@et Rgtv@eo. rel atively substantial anount
of menory is reyniexample oft ar i'figl2 progrksising rsgant heystemeds odesichibedr gw ous
field. t: e G ' , e t may obtain a
cesi iy e PN i ‘ﬂigf;*énﬁ’%“gj?e“&g??éﬁnteé‘ﬁé’?“ﬁﬁe‘?ﬁi%ﬂﬁ?
progrE si EX gyf@{éﬁ{w&iﬂﬁj HITHROR PRUBLENG BB G
conponent SFITJEQIUEIFIQT\GWW& fskaddl Jaﬂfhﬁth,][lugw seettgga,\/tﬁﬁ gorcrﬁogegty zt gl;n a
current fi -1L.n. forApn raglin or | S . Su _
_is descri b%ﬁg%l%&f% p%rhtﬂ@sgg?*d ogpéﬁﬁ‘sha ot ?JlatB‘l’)tPh%ﬂ% iaQ\c/“atABg\“%f Tanaka
et al., Kola83 aud e&iﬂb&@OEmTELEVI&Il@NtS_IﬁNNELE‘IIJ{JE DOBBTENGR whi ch was
| ai d open 113 3. h .des|] eductiQn in nmenory
requi emn%?@TB%nf%réﬁ?aé%%. i ﬁ@lﬁeﬁﬁ%gg%ggyg{%ﬁ\s@tsﬁeﬁgr%'b(?%l?n of
mot i ohOr elfg@@da problegt tinf thatsifr Siedde-figld mntion cmxdbtspimba esoene theat t he
system' displdiyeal omages eaillr B8 BlfRéd. of "matched” |ow pass and high-pass
filters f(}{ tse arati ng the vi.deo signal. Such filters re(%w re .
urther problem with progressive scan processors of the type in
which extra lines are derived from a previous field is that a
relatively substantial amount of memory is required for storing
25 (delaying) the lines of the previous field.
It has been recognized, however, that one may obtain a
desirable reduction in the memory requirements of a field type
progressive scan system by utilizing only the low frequency
~components of the previous field and the high frequency
30 components of a current field in forming the extra lines for
display. Such a system is described in the Japanese laid open
patent application of Tanaka et al., Kokai No. SHO 58-79379
entitled TELEVISION RECEIVER which was laid open on May 13,
1983. Although a desirable reduction in memory requirements is
35 achieved in the Tanaka system, the problem of motion-related
artifacts remains. An additional problem is that the system
disclosed requires a pair of "matched" low-pass and high-pass

filters for separating the video signal. Such filters require
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-carefully selected anplitude and phase characteristics to separate
hi gh and | ow vi deo si gnal conponents w thout form RECA $H386r overl ap
bet ween them and are rel atively conpl ex and expensi ve. Anot her

" exanpl e of a progressive scan processing system 5 enploying different

- processi ngcafefiliyh sebettedwahigiitudecyund phasenphamiteristicsdawc separatby
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hi gh frequeomponenpoiiedescribed stpptDiachyrtagral. in U.SuRatalNg. coi nci dent

dur ng di gk amgﬁyéﬁm}w SIVE'SCRN pROCESSOR WITH FTAIRAL 12925
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whi ch the g \E/ﬁfhﬁ{ the extr‘éeb}'qmergﬁgﬁl'mliﬂé% g?@rcﬁg[?l‘ﬁ afd ¢ of '

l'i ne- progre55| e scan st pro t1on blur
char adt@ri greducsd fb)élfﬁy ¢nggre fEame-combed nds lope maspatilisged approached by

maki ng t hecsiipon@at of a vided istgnéldeptd \feeld aalaveal dineadanit filtenedt ens a
notion detec

d, t t t he t b t f
processors Béo high pas?uﬂ@?}e% ?ﬂ“%\?l‘mﬂﬂqc OFﬁBBe‘é’Qﬁ eF@ma!nhgi?l tCheyPﬁgo?n ng
vi deo si gnabmbined tepr easdnhsgha ‘é‘equtncyragmnpbnemmgaed spatmlbcemded by a
field typeterﬁﬁorﬁi;‘t’cﬁéﬁf&ﬁd I fie fréhﬁgufgtthé biﬁﬁﬁ t& kG by

i nterl eav ceive a previous
fieldlS arn@@meﬁ@&b}e imeges) h urmom shjayi dee Sy§tean rSepnegents a movi ng

I mage, theaé%ﬁﬁﬁe" llﬂeﬂlitothdjl[ﬁbbésslﬂg QSOBbﬁlden@Hom rﬁfers@@ﬁ@tmaﬂoﬁor

repeati ng) IlneS I‘Rﬁ‘ e _currentl recel g For. | at 30 are
not still and aP&s ha‘f%ltfe% T8RO § éﬂ%‘? nHPyPEB

m x the ouwpmsalofrelsohmmndclﬁambnbrmpce ofohnsqnogresmw cnmmt |sgstdms

t he magnlt t . e on.¢a

progr essi veﬂgcgﬁle cé)}g’ rTé)‘%'e(r?)g énroemgie(scr bét(‘jga%tﬁ?stéixca%f ﬁ%?% ffrs?éresswe et
al. irQ. ssczpatmtemwmS4bge@nappwmhp®wa\|mngl U sysgem!rELEw SI ON

S| GNAL - PROEE38 WG adaptid' 'V\hlrmnbme%d%ﬁ%@%géems a_totiéRSde@dfor N U S.
patent 4,598,309 entitled TELEVI SI ON THAT | NCLUDES A FRAME
STORE US| NES to switch between the two bas1c types of processors as a

function of motion. For example, when the incoming video signal
represents a still image the signal is processed by a field type

25 processor which generates extra lines for display by interleaving
the currently received lines with lines of a previous field.
Conversely, when the incoming video signal represents a moving
image, the extra lines for display are obtained by interpolation (or
repeating) lines of the currently received field. For images that

30 are not still and are not in full motion it is customary to "blend" or
mix the outputs of line and field type processors in proportion to
the magnitude of the motion. Examples of "motion adaptive"
progressive scan converters are described, for example, by Wargo
et al. in U.S. patent 4,716,462 entitled MOTION ADAPTIVE

35 TELEVISION SIGNAL PROCESSING SYSTEM which issued December
29, 1987 and in U.S. patent 4,598,309 entitled TELEVISION |
RECEIVER THAT INCLUDES A FRAME STORE USING NON-

Sheet Has Been Replaced

i




-4 - | NTERLACED SCANNI NG FORMAT W TH MOTI ON COMPENSATI ON whi ch

issued to R F. Casey on July 1, 1986. .RAAPREbigEN characteristic
of notion adaptive systens is that the menory requirenments for
*providing notion detection are far 5 greater than the requirenents for

et o6t 1 b A A R e TR D i gnal s
del ayed b))”é'ﬁ@ ?%PFdfﬁoagr%Cgés%&"oéﬁé io %ﬁr di ng the r equi r enent
for a full fran%opraﬂlmlm ycharateriteiceof mutiom dadapli@e H}Baeufserwrﬂhagf theb ;
vi deo sig nd n a u t escri be
by D. H. r| t%eﬁﬁ% r@ﬁf&* nfs" £6F %@gﬁ%S@o&?ﬁl ﬂé‘%‘iﬁﬁ B Brector
THAT EXT evothan the renmmmmusoﬁwm yDEBONBENEF figlASEBAND

TELEVI Sl O]iro ressﬂr@'\gﬂa irolei A erﬁ?lbrrﬂéﬁhSnlagiectrﬁ'nt hough a full frane of
15 rrermr%_lls avoi he 5|%d]a ener mat i on, gdet ectlcln nmet hod

i s, howevdfmPlEEiene eﬂ/ i,‘GnﬂF'il t"é"‘HV by coth panng Teq SIFARIS| nyent i on

resi deswlhrdqb éfc?‘ |by tone felofrinté.onOnke a proadhheo revaidingr tiee progr|e55| ve scan
system wni e | gpl n I le

=t e ek M % 9 B, ot gl JEOR) TR HTRY ©

Pr ogrk8si \xneamnrrmnvefstlmn vagparsigosl sedehand raperpe. An examph’ntofon .

| nol udes_ ayugAusCeysiah W AeshiBed by CH | PRKAONAUS pdtent 01 ven 1ine.

rate. A pro coup& r ov| | deo_difference
si gnal reﬁré‘giﬁggtqf\?’él@f ﬁf@NeﬁE&%g’ﬁéBv@ %éﬂ%Aﬂ’lF%M J\SN equency
corrponegt l[liH?(I)RMiATI(ON\ FROM ISQDEB?NBS@F%BQ\SEBANDTEQ@VI}(SQ@N signal and
a secon h§auepcy ¢onp eri st _one previous
line of thﬁ%é@b ‘Yﬁ‘ﬂh %ﬁaﬁef“ﬂwy 587 oulAdmou(ﬁ?‘r @uhl ﬁﬁ@eCB resses and
conbi hés trhemorgeds divdidedncthe sidebamdd enepgy miagioal dedectiéowr nrethod
pr ogr essi p I In an exenpl ary enbodi nent of

\§, Weﬁ&t &'«%la?it\ﬂ:n? com%)lﬁate

t he i nvention U|t i ncludes circuit neans for
doubl i ng the I|iFke rlHleée%‘f ippention resmsaéa BRTt! & dheeresiogmationt of doubl i ng

the line rhgeneédt fisr i (ﬂf}‘égresswe sbaﬁugys&eﬂﬂabhi@hdefféeu@é K ngvgids i ne of the

double Ii te vide rence. si ever her,lipe of the
doubl e i Rge grggw%oprobolegls MBIFI TefALe 19{3? f‘éY?ﬂtﬁgega‘?éﬁ e3rBgPEssi ve
scan 20t puhesegridér solutions. In presently preferred enbodi ment of the

entLOn, 1 progressifbUREad "Bk oot SpplalipTint 1o o ovee
forni ng t Hevenden includes a source for prov1dmg a video input signal of a .
given line rate. A processor, coupled to the source, provides a
video difference signal representative of a difference between a
25 first low frequency component ‘derived from a current line of said
video input signal and a second low frequency component derived
from at least one previous line of the video input signal. An
output circuit time compresses and combines the video difference
and input signals and forms a progressive scan output signal.
30 In an exemplary embodiment of the invention, the output
circuit includes circuit means for doubling the line rate of the
video difference signal, for doubling the line rate of the video
input signal and for adding a line of the double line-rate video
difference signal to every other line of the double line-rate video
35 input signal for forming said progressive scan output signal.
In presently preferred embodiment of the invention, the -
video input signal is of digital form, the processor includes means
for sub-sampling the video input signal prior to forming the video
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-5 - difference signal and the output circuit includes neans for up-
sanpling the video difference signal prior to the RGA t85%38df the

double line-rate video signals to formthe progressive scan out put

"signal. 5 The foregoing and further features of the invention are
descri bed diéfezened tsignaindind ehé | bugput acduitnindlades cmepasyforgup- . draw ng

wher ef 1SS HLS Vi IRFAYEROKibbC dERICTETRE addjrioll 1 4pat o> and

i n which: ram of a evi sion receiver
10  enbodiauidet Haeimmenvidge; signals to forrrFltthRErczgrue§SIe(eb|56énk M am

i |l ustratigygpg nodification of a portlon of the receiver of FIGURE 1,
FIGURE3|sa anot h dification of a

ck. di agram i trati
portion of t hebbéfi:eﬁqggg’d\‘g I'—q"éJg‘E"I‘er ures o t}ﬁ AIMENHOPS ALE 1) o)
di agram ofdaci‘ﬂmded}wpihaftercwnﬂ saret dbhstrated inf ohe usex:ompahpmgcel ver of

FIQURE L drawing wherer{ ik tgl&n?erftobhpékd&iﬁgﬂa’ﬁ:ymhl&n r@i’ér?h&?t I ve

"speed- up’ I Tcul use 1n t ecel ver GURE 1;
FI GURE 6 designafioos kant aigr avhish: a sub-sanpling circuit 20 suitable for

use in the receENSURY IFH@&Q%léok diagram of a f1&Kon/ réceivep! ock di agram of

an averagi ng CI rcurt suitab or use in the receiver of FIGURE 1;
FI GURES s/emhed SB‘&r@‘%I'@d’I@“Hﬁ%ram of a sanple rate converters of

the interpol at i FIGURE: 254$ tablecK diagraen iillustratidg a rmodifieatior ofl 8URE 1,

FIGJRE 9 is l..dia ram of e rate converters of Fl GURES
8A and 88 O%O% Fthe I Tg&mgp! are bl ock di agrans of control

si gnal geREGHRE 3 Sllaahdbekfdlagm ul:hustm:timgwem rof FIGURE 1; 30
FI QURE 12 .lng, ?f&ﬁ%&%?e CB&%%”M thes;ercewe?g fmmms transfer

functians the cont ro sl gnal geperators o

FI GURES 13A andFHEERE ¢ his it ibleck ghagranof aof %P"g\dl E‘Ehs?“c“lt S“‘@Eﬂ’t abl e for
use in thefgreg® YerthefreteivdrbflFIGURE 1: FIGURE 14 is a block diagram

of 2 har d o0 UEUR L% logk, iagri o AR pBba By RE 1 o0 ar
circuit suitable for use in the receiver of FIGURE 1; _
FIGURE 6 is a block diagram of a sub-sampling circuit
20 suitable for use in the receiver of FIGURE 1;
FIGURE 7 is a block diagram of an averaging circuit suitable
for use in the receiver of FIGURE 1;
FIGURES 8A and 8B are block diagrams of a sample rate
converters of the iriterpolation type suitable for use in the
25 receiver of FIGURE 1; '
FIGURE 9 is a pixel diagram of the sample rate converters of
FIGURES 8A and 8B;
FIGURES 10 and 11 are block diagrams of control signal
generators suitable for use in the receiver of FIGURE 1;

30 - FIGURE 12 is a response diagram illustrating various
transfer functions of the control signal generators of FIGURES 10
and 11;

FIGURES 13A and 13B are block diagrams of "soft switchs”
suitable for use in the receiver of FIGURE 1;
35 FIGURE 14 is a block diagram of a "hard switch" suitable for
use in the receiver of FIGURE 1 as an alternative to the "soft
switch" of FIGURE 13; '
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-6 FIGURE 15 is a block diagramof a rmtion detector suitable

for use in the receiver of FIGURE 1, FI QgXRs.8gand 17 are bl ock
di agranms of frane del ay circuits having line and field taps and which
“are suitable for use 5 in the receiver of FlIGURE 1; FI GURE 18

is a block di agFpURE USS r1§‘tzi "Wlok "Midptdrfi abf Cb.nn‘i’étlon deté&@r GRli@blsi gnal
processing.in the rEcel ver of og: %ﬁ% RE 19 is a further

exanpl e of (%% USFolRy thE TECPRRTt i abl e for use |n the receiver of
FI GURE 1; and 1EIGURES A&Rd A0 ase d)loelaom\a/gratmstmfrrfmndlcmgaﬁm

il f [
105 AR AE navins SRE' ARG i SSRGS S0 S P
i ncl udés &n the fe‘iﬁ%@}'r O FIEUREaA : processor 30 (outlined in phantomn

gggprl si ng 1 5 memuts 4gi4 biaek(dmgfamemmra@ OModHi€addn Gt put uni t

. an over-vi taln salient
f eat ures collar fllgBa‘ M@ﬁ?%sgl?lg ippthe 'n’?ﬁﬁw%lo?ﬂg Ug‘ﬁ%\A des a video
di fference FIGUREI 19 Y82 fuetheesexdmpley ofod spedidfdperotroudt bet ween a

first |low sultableffo? 3535%%@&%? Sye‘ﬁl R'E/Eide%{{ ma current line of a

vi deo 20 nput mgj a secon ow fr ency conponent (Y10)
deri vé@ from at FIGHRE isr @vl‘QﬁIHWl‘ltﬁetl@ﬂln@hdl&gm iillustratisigg tla¢

(Y3). The rgﬁbnuaftthgog’?éyd)g Séﬁéuf‘thﬁ ‘FI @itfberence si gnal - (Y12)
and the video I nput signa ained, to forma
progressive scan | um nance out a1 1°f double 25 the line rate
of the input siTheltelevision recelveﬁdﬂaﬂfmmw 1 tineludegti nation of the

t (30 t f th
(304 308) Aﬁro%99581rsv.8%%*’a8€903§§’ QLAY S ufied, 5 PhERGRY Britie g« he
rel at I Vel yarhiigpuy ewnit c&ﬂ)Ar ¢eutlinedonin cphamtone) iand (anobutpmtl dnit330B

progr essi V(%uiﬁﬂ@dsﬁ?t H@V' A9 hheoVR VPEWaLE! éiﬁ&m ﬁhf yfefuures

characteris €ssl ve scan systens; avl ng

adapt abi | iQly tﬁﬁa‘r“é’@t"&qnstﬁke dnPRbtudh 30ApProwdsysa eYﬂSleOaﬁtf PEOACA g

subst ant i adl Mal qmdreyrﬁsemmr@f aeawféﬁmet @ease&pra)qm@ low with
conventio not i on adapt t he stem

t
provi des 'r}aﬁ% e'b%‘/noc""(}i’@‘é%“tpt(g’ﬁ g?‘ﬂﬁeq\n rk?glﬂut?ga‘é‘ﬂ'\é‘?ml tige of°a Y Oyse of
convehfi oriaput aighaln€i3r yahd gh seeesadataiv| frequeasy compotiértt €Y30) or band

splitting.derived from at least one previous line of the video input signal
(Y3). The output unit 30B procésses the video difference signal
(Y12) and the video input signal (Y3), as will be explained, to
form a progressive scan luminance output signal (Y2) of double
25 the line rate of the input signal.

Advantageously, the combination of the input (30A) and
output (30B) units of the progressive scan processor (30A,30B)
provide a progressive scan oﬁtput signal (Y2) having the
relatively high vertical resolution characteristic of field

30 progressive scan systems; having the motion artifact immunity
characteristic of line progressive scan systems; having the motion
adaptability characteristic of motion adaptive systems; and having
substantially reduced system memory requirements as compared
with conventional motion adaptive systems. Additionally, the

35 system provides "dual band" video processing without requiring
the use of conventional complementary high pass and low pass
filters for band splitting.
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-In nore detail, the receiver 10 of FIGURE 1 conprises a

| um nance-chrom nance signal separation circuit 12RWAc85,88parates a
conposite video input signal SI into a | um nance conponent Yl and a

“chromi nance conponent Cl. The input video signal SI may be provided 5 by a
conventional tubemorte-dendil, thieereceideddilcof FFIGURE 1¥ donapnisesn a ant enna

or cable ipy '%ltnaing Oéhro?xjn%‘%?ﬁt Y@ua\ft ag\&aﬁ%xP 1% "fﬁd“nﬁcﬂnsepara%g“ |ary

|nput tern1 e source epa
may be of CURPELE ovisleodinpuinsianah S mt@oarblumntaeﬁeocporaponemcahbum|«Jon of

hi gh and | awop@inante! éGhponent el |TH@“QH\ﬁut Mdeo sighale Sﬂeﬁﬁﬁ tigdd provided
chrom pance si gnal onent Cl1 to a pfunlt 20 whi ch
time cg skt %V(f“rtgﬁ@ét E"L?&crfﬁs a]‘&i‘ﬁ‘%? detectpg, 'S‘ngpg M 1#bni nance
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subca?di erprogressjvckymscampsdydutputvisignal S2 of a form (e.g., RGB component
form) suitable for display by a kinescope 26 or some other suitable
display device (e.g., an LCD device or a projection display).
Since the line rate of the output signal S2 is twice that of the input
signal S1, the images produced by kinescope 26 have twice as many
30 lines as the input signal whereby the visibility of raster line structure is
substantially reduced as compared with conventional interlaced images.
Clock signals CL for converters 13 and 23 (and other timing
signals for the receiver-10) are provided by a timing signal generator
21. This generator may comprise a phase locked loop (PLL) generator of
35 conventional design locked to a multiple of the color burst component of
the input signal S1 or locked to a multiple of the line frequency of the
input signal S1. Typical sampling clock frequencies are three or four
tlmes the frequency of the color subcarrier for systems employing what
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-8 - is commonly called "burst |ocked" clocking. In a presently

preferred i npl enent ati on of the systemthe tinROA 85885 generator 21
i s phase | ocked to a nmultiple of the horizontal line rate. This is
“commonly called "l'ine | ocked"” clock generation and has an advant age
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A further advantage, as will be explained, relates to the use of
"differential” processing (i.e., processing of signal differences rather
25 than absolute values). Differential processing, as used in the present
invention, eliminates the need for special high pass and low pass filters
having matched amplitude and phase response characteristics that are
required in conventional split-band processing systems as previously
described. Such high pass and low pass filters having truly
30 complementary amplitude and phase characterlstlcs are complex and
expenswe
In more detail, for purposes of illustration and explanation of this
embodiment of the invention, the progressive scan processor 30 is
_ “divided, by phantom lines, into two portions comprising an input circuit
35 30A and an output circuit 30B. |
In input circuit 30A of progressive scan processor 30 the full
bandwidth luminance signal Y3 is applied to a sub-sampling circuit 40

by means of a low pass filter 37. Sub-sampling unit 40 is clocked at a
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= bandw dth | um nance signal Y3 is applied to a sub-sanpling circuit 40

by means of a |low pass filter 37. Sub-sanpling uniRCA0 855383 ocked at a

9 rate of CL/4 and greatly reduces the |um nance signal data rate and
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25 The sub-sampled and low-pass filtered luminance signal Y6 is
applied to the inputs of a tapped frame delay unit 42, a motion detector
44, an averager 45 and a subtractor 48. Delay unit 42 has output taps
providing a one-line (1-H) delayed luminance signal Y7, a one field
_ delayed (263 H) delayed luminance signal Y9 and a frame (525H)
30 delayed luminance signal Y11. For PAL standard systems the field delay
would be 313 lines and the frame delay would be 625 lines. The one
line (1-H) delayed output tap of delay unit 42 is connected to the other

input of averager 46 which provides a line averaged output signal Y8.

35 ‘A "soft switch" 50 combines the averaged luminance signal Y8
with a field delayed luminance signal Y9 to provide a combined or
"blended” luminance output signal Y10 in which the proportions of the
Y8 and Y9 components are controlled by motion detector 44 and a
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"Wth a fiel d del ayed | um nance signal Y9 to provide a conbi ned or
"bl ended" | uni nance out put signal Y10 in which t heRpiIOARE.B8BNns of the
Y9 and Y9 conponents are controlled by notion detector 44 and a

10 control signal generator 46. An exanple of a suitable soft switch
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by
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doubl e | i redgnak & 12iniThensignalit ¥U2 is a video difference signal representauve of
a difference between a first low, frequency component (Y6) derived
25 from a current line of the video input signal and a second low frequency
component (Y10) derived from at least one previous line of the video
input signal.
The output circuit 30B of progressive scan processor 30
- selectively combines the video difference signal (Y12) with the full
30 bandwidth video input signal Y3 to form the progressive scan video
output signal Y2. In output circuit 30B the full bandwidth luminance
signal Y3 is applied to a speed-up unit 36 which time compresses and
repeats each line thereof to provide a double line-rate luminance output
signal Y4 in which each line is time compressed by a factor of two and
35 repeated. The difference signal Y12 produced by subtractor 48 is
applied to a luminance signal speed-up unit 54 that time compresses
each line thereby doubling the line rate of the difference signal Y12.
Doubling the line rate of the sub-sampled signal Y12 also doubles the
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- sigmal Y4 in which each line is time conpressed by a factor of two and 3 5
repeated. The difference signal Y12 produced by su[?&ra 48 S

applied to a |lum nance signal speed-up unit 54 tha fé‘ma 'TONpr esses

- each line thereby doubling the line rate of the difference si gnal Y12.
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fr equencyslggmggnf 8??3}%&%&3’ I%hgﬁh phé %3;;1 {B%E\d%dfﬁdlukgin ﬁ%éeds@lgglnal Y4
to producd¥4e pHowrseths \direntaadditkopuiof sthgselsignals in adder 38 |to form the
embodi ”Entluﬁimﬁh@?ﬁ ?@'ﬁ?@é'&ﬁﬂ Siynal Fep. thﬁ{ee 146S s % rior to fiftown and

descri bed r.ogr rocessor 30 havin n of, features
whi ch .nclwﬁuomysm ADRIYASiERalc X Aot %wm&gﬁ ipsynghronized i i ve

grlocelsgl ngwﬁhf)m@lemebxfréqmdn@ly 5f6 mlt@hnﬁﬁh @/elrynétlfétehﬂeedf the or field
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Corm i g b ol e ted i JEOBASS e ﬁﬁ%ﬁgﬁt 30, Rpicy o dymber
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if the lu ' gus %‘&HC} S i PRt 3 0
hi gh- pass quuiememssa.reospbmammll)orredmrcedeslm r}g'aa’bssilng subrsampled low
frequency luminance components taken from the present line and a
selected previous line; and (3) the processed output signal is formed by
25 combining processed low frequency difference components with the full
bandwidth luminance signal. This latter feature completely eliminates
the need for complementary high pass and low pass filters having
matched amplitude and phase responses as would otherwise be
required if the luminance signal band were to be "split" or divided into
30  high-pass and low-pass components for processing of the signal.
The foregoing description presents the general operation. of
processor 30 in FIGURE 1. The overall operation is relatively complex
- because it depends on picture content but may be easily understood by
considering a few specific examples. As a first example, assume that the
35 video image being processed is a still picture. For this case there is no
frame-to-frame difference in pixels (picture elements) and so the
output M of motion detector 44 will be zero indicating no motion.
Control 31gnal K prov:ded by generator 46 is a non-linear function of M
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- The foregoing description presents the general operation of

processor 30 in FIGURE 1. The overall operation i SR(EA a83,885y conpl ex
because it depends on picture content but nay be easily understood by

" considering a few specific exanples. As a first exanple, assune that the
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by filter 37, plus the low frequency component of Y3 passed by filter 37

25 but taken from the previous field. When these signals are combined the

low frequén_cy components of the current line of signal Y3 simply cancel

out because they are out of phase. The missing lows due to the

cancellation are replaced by the lows from the previous field (Y10).

Since high frequency components of signal Y3 are not processed in

30 processor 30A these components of Y3 are not disturbed and form the

high frequency component of the output signal Y2.

Briefly summarized, for the still image example, alternate lines of
the output signal Y2 comprise the full bandwidth luminance signal Y3
and the in-between or "interstitial” lines comprise a high frequency

35 component (above the cut-off frequency of filter 37) taken from the
currently received line (Y3) and a low frequency component (9) taken
from the previous field. Accordingly, for this example low frequency

video components that are displayed will exhibit the full vertical
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- cancel lation are replaced by the lows fromthe previous field (Y10).
Since high frequency conponents of signal Y3 are nRCAr&eg88sed in 30
processor 30A these conponents of Y3 are not disturbed and formthe

" high frequency conponent of the output signal Y2. Briefly
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conporieht liagerther @mputheequahemelqureent Hoe.the remaining 15 |ines the
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exi sts between fuI I . not 1 0
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25 In the foregoing discussion of processing of still images in FIGURE
1 it was noted that the difference signal Y12 was formed by subtracting
Y6 from Y10 and that this resulted in a reversal of the phase of the
current low frequency component Y6 relative to the phase of the full
bandwidth signal Y6 to thereby cancel these components when they are

30 later combined by addition in adder 38. As an alternative, the signal
Y10 may be subtracted from Y6 to form the difference signal Y12 along
with modifying the output circuit 30B as will now be described.

FIGURE 2 illustrates a modification of the progressive scan

processor 30 of FIGURE 1 wherein the inputs to subtractor 48 are

35 reversed in input circuit 30A and in output circuit 30B the adder 38 is

' replaced by a subractor 39 that subtracts every other line of signal Y14
from the full bandwidth luminance signal Y4. This embodiment of the
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Y6 from Y10 and that this resulted in a reversal of the phase of the
current |ow frequency conponent Y6 relative to theRpi#as¥.385the full
bandw dth signal Y6 to thereby cancel these conponents when they are 30
“later conbined by addition in adder 38. As an alternative, the signal
Y10 may beinyentioaciedunctionallyt idemsical tteethats of (FIGHERE dnandyis? stnustirally
wi th nodi Tbﬂe'ﬁﬁcfal‘ee%p(iufo@'théuﬁo 3f8teds chhhgeslow be descri bed.

FIGURE 2 illustrates a Ejmdl' |catflonzta E{e pro%asswe scaai v

processor 30 of 1A @pie detibr iy the Hd IAB 4" prgbodipeat signalgYg, wasy 5
reversed isubtrgutedciromi $igd@h ¥d0 to fowtrpuhe clow ufreqiéncy hdif fetdace 3 gnal
replaced b . 39 b eeyr | 'Sd
fromthe f ot pEibaotfion, of ndhndo T2 pigl Y3 aRbE Rpechf id Raphiile Kid
14 i equalizasion)s resiléed omalany ougewl isignalt Y2 thaving FHghufEequensy i s
structural +c¥ringoneh%erlfak6ﬁ" fRomClle TQIrréMe 1M A 98we TRo@Esc; components I'n

nor e det ai he FI GQJURE 1 enbod) nent sign subit r act f.rom
si gnal Ylod?rd"?‘i)r FhéhP(ﬂieﬁ’F%'tﬁJgW@yoHiﬁ?@r Ziﬁ'cﬁgr}eﬁiglz the samg regplt is
addilt!on péb@aiiwlx;shé’%mfmdnp’ats( @ftarb_tsmleﬂws aind_i:smrtp_bﬁcu?t 80A are
equal i zation) resylted in.an qut put, sigona Vi | reqguency
oo dht sAVERSEE b epliBR, s dieeR S8 BRPRY i ulk. JOB EEHR: |
derived frsubtradter p3@vi dthe Ifunctionak iresult isntlel GaRE bechuse dne thiss akamipie
obt ai ned whgh I A b t kY ol teiGl ' A 0
reversed by rg%?gacli ng}é{rﬁgaadgjé{? grgalhgﬁc ?Hht{lng??%lusllghé%g%/&)fﬁ géhﬁl}

subt r act orinygriethdy subtnastens Adsand 3 @wi soyis efectively addadstethgpl e
the si gnal sigahpPrd8dwHepvad rtﬁUWYfﬂegﬁEﬁWQQnﬁhﬁﬂ@é s\%gali Y 6loigbinverted

i nver b ubtractors 48 and and ,so 1 s effecti.v added t he .
o gnal 3 URB! Gce KB Toibtratltn oy Mndninahes gyl sERARL Mo o
only once gignabubdr &tisris36xacthyl the $dme reSthcas \iel achHendd dnt i fexample
si gnal Y4'<1FH@dR§2q>.(aCt |y the sane result as is achieved in the exanple

of FI GURE . In view of the foregoing, it does not nake a _
functional diffBrevigw of the ifpregaingy it rdeessnot maken ay fonganahdifferenpe

fSi gnal s Yl# apé s\(fbtfab%:is int62£}om W@J%dllla%f ddgisoﬁ%\r}ﬁlébm@tagldm%s YaO
oo, 58 UG L A e cpubpract Wata Aol B3 75 T B
requires osigpnabrfl 4 ftsma¥doras( imBIGURE 3. Hokavet,whe exampleusf TA@GURES 1l ess
i i tal pr e AIPRETT nRRERE Wihuse jt, BGBIrES BulsT, o P bRAE Pt
economi ¢ bdvaef itwa)f andi thus evgsquires tless thardware for implementation since
addition is less complicated in digital processing than subtraction. In
25 addition to the apparent economic benefit of using fewer parts, the
example of FIGURE 1 has the technical advantage as well of providing
higher reliability as there are fewer parts to fail.
FIGURE 3 illustrates a modification of the output circuit 30A of
progressive scan processor 30 wherein the positions of the sample rate
30 converter ("up-sample”) circuit 54 and the speed-up circuit 56 are
reversed in the cascade connection of these two circuit elements. To
effect this change all that is required is an appropriate selection of the
various clock frequencies. The speed-up circuit, for example requires a
read clock that is twice the write clock frequency and the sample rate
35 conversion requires a read clock that is four times the write clock
frequency. In the example of FIGURE 1 where speed-up is done before
sample rate conversion the speed-up circuit receives a write clock
frequency of CL/4 (e.g., 4 MHz) and a read clock frequency of CL/2 (e.g.,

This Sheet Has Been Replaced

(LT . 14




-exanple of FIGURE 1 has the technical advantage as well of providing

higher reliability as there are fewer parts to faiRCA 35 385 FI GURE 3
i1l ust rates a nodification of the output circuit 30A of progressive
*scan’ processor 30 wherein the positions of the sanple rate 3 0 converter
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r epeat ed
25 repeated. Since CCD memories require refreshing to be read twice, each

of the memories 406 and 408 includes a respective "refresh" switch 414
and 416 connected between its input and output terminals which are
closed during a read operation to re-circulate the CCD memory contents
thereby repeating stored data for the second of the two read cycles of

30 the memory. This particular. speed-up circuit may be used for speeding
up the chrominance component C1 in the example of FIGURE 1 tor the
case where the signal separation filter 12 provides a chrominance
~output signal of analog form. Advantageously, this form of speedup
circuit accepts analog signals directly without need for analog to digital

35 conversion. Another alternative (for digital input signals) is to use a
dual port memory (as discussed later) which is less complex that
separately switched one-line memories.
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- of the nenories 406 and 408 includes a respective "refresh” switch 414

and 416 connected between its input and out put terﬂ%lﬁ ‘318 ch are

cl osed during a read operation to re-circulate the menory contents

" thereby repeating stored data for the second of the two read cycles of 3 0
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signal separat,ion, i gital conve
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suitable fardagein ut 608 whichUrécetPed rthErWS?Q%sogﬂfereﬁh?uﬂég‘i&\klﬁei st réalI ow

conpri ses a datag Jn

pass fil te&jd %u‘ﬂpﬁaﬂc‘gl h‘gﬂ%ﬂm 605 t"Y\’S"hlﬁiév S'éb(,sl"‘B‘tml‘}gl pClgsign \M‘n ch
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Pr ef er abl ynumbies greater dhen unith BeeferaldyorN4is an mteger shchl aerhadi 08, 4.N
may be an A%nah”h%ﬁ{atN@CN‘ Qﬂaﬁlﬁk‘e A0 L AGEg &Y fraction. UThegaH% g@ vl ues

for N (which is, reerr t nQ inter ation, 1.s quire
produce t hESIBgHIULEEET o¥a EFﬁnEﬂr. 1S B 3F‘??ld$gl§r that no mterpolauon is

25 required to produce the sub-sampled signal. However, non- integer
values of N may be employed in a particular system if desired. The
presently preferred integer sub-sampling values are 2, 3 and 4.

In the specific embodiment shown herein, for purposes of
illustration of the invention, the value of N ° chosen to be N=4. For the
30 four-to-one sub-sampling assumed in the example of FIGURE 1 which
uses a clock frequency of CL/4, the latch 602 would discard three out of
. four samples of the low pass filtered luminance signal Y3. Accordingly,
for this sub-sampling value (N=4) the memories required for
implementing video delay need be only one-quarter as large as would

35 ©be required if the video signal were not sub-sampled.

Averager 46 may be implemented as shown in FIGURE 7 by
applying the non-delayed and 1-H delayed signals to the inputs
(704,706) of an adder 702 and d1v1dmg the adder output by two with a
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- values of N nay be enployed in a particular systemif desired. The
presently preferred integer sub-sanpling val ues arRCA 85,388 4.

In the specific enbodi ment shown herein, for purposes of illustration
- of the invention, the value of N chosen to be N=4. For the 30
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25 and 810 and the input signal of delay unit 802 are applied to a
multiplex (MUX) switch 812 which sequentially selects the signals at a
clock rate of 2CL. This clock rate is four times the clock rate applied to
sample delay unit 802 and so the interpolated and multiplexed signals
provided by switch 812 to output terminal 814 have four times the
30 sample rate as the input signal Y13.
FIGURE 9 is a pixel diagram illustrating the operation of the
sample rate converter of FIGURE 8A (and FIG. 8B, discussed later) for
- the case where the currently received pixel A is at black level (e.g., zero
IRE units) and the previous pixel B was at white level (e.g., 100 IRE
35  units). As shown, multiplex switch 812 sequentially selects the
~arithmetic unit outputs to provide interpolated pixels having luminance
levels of (A+3B)/4, (A+B)/2 and (3A+B)/4 which lie between the values

of the current (A) and previous (B) pixels. Accordingly, a linear
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- mul ti plex (MJX) switch 812 which sequentially selects the signals at a
clock rate of 2CL. This clock rate is four tines tREAISREBPate applied to
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(preferr ed jntatpelatest ilumihence ofigeal Y14 isi praduvedat |'Bgrmm~aﬂ>l SZBatse coupled
converter i t u e lje

yhie ghgf@Rgﬂg INLGE bafcatd@ caﬁﬁe&fon com rrmhg R | & @%apgm&hnal

arrangenent (0] conv an |1 n
820 to whi EHe| [RRG3RIC 825, gdfantahsltfr:rs h@mnemmZmnafmrenoibdrgu(emrnihaa 830

at \CAifhl ch tk&ohcﬂ dsgmm filteit Bavmg a Znirﬁﬁﬁ‘&fﬂte ;e% Lgﬂ(eﬁgcezglgaggngigel s
roau . Vi S

P omnads ond il By; Btn, dividet; 828 The sample gEpOaispo8ee, Ipats drePraing
filter havsamplesZtor pravidemfolr idZn(iealp.outpyt samples fareeachl shmplaal filter

having a Zg;cre?_ﬂéd or Ff' I firs¢ C(l iiRl g'&l%ér %%élt e ithp lt]:rréntgd Vdsd%nbﬁgﬁgyr\{vhich

di vi der 82 erep ea
provi de foadd sopéhtmeat Sﬂmplst t@aﬁwl'@éll(ﬂtﬁr saatpieséel;aved by oneesamplal. The

first digiimbrvdll 196 ﬂﬁMtlBﬁchﬁBhe{EE'i‘é@ﬁr@& qfhea‘iéé’énd‘ml‘gli‘tal filter 3&@? %@

il i A CAUBIEnRda by, 83, 340 Subshadddyithe) ORECBE il fast Ster 16 &
ity s Ryt i e ey
sa?rpl e per §Pen%g§?c# ‘(B)‘gﬁ{H’t PEI i&lphﬁaﬁlg“ rléqfﬁ’q‘ﬂﬁed’ TthhSUP ER"Yt P\?Dﬂ’e@
second fi Isfmondsf texl tsd sdaled dowa byica diactdr bfUioubybylidivitker 828 The

out put  si ge@pt Nkinal Ot Produddd® iS Al 88mk"al ' REEVHRNTo&S ¥ Rfiple.

25 Advantageously, in this preferred embodiment of the sample rate
converter, no multiplication is required at any stage and so the circuit is
substantially simplified over that of the previous example.

FIGURES 10, 11 and 12 illustrate various alternative
implementations and alternative non-linear response characteristics for

30 control signal generator 46. In its most simple form the control signal
generator 46 may be implemented, as shown in FIGUR_E 10, by applying
the motion indicating signal M to one input 1004 of a threshold detector
1002 which receives a reference signal R at its other input 1006 and
provides a binary valued (i.e., on/off) output signal at output 1008

35 indicating when the motion indicating signal M is above or below the
reference signal. This, threshold type of operation is illustrated by
response curve K-1 in FIGURE 12 where it is seen that for values of the
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- 25 -Advantageously, in this preferred enbodinent of the sanple rate
converter, no nultiplication is required at any stBRgAA a8®386 the circuit is
substantially sinplified over that of the previous exanple:

"FIGURES 10, 11 and 12 illustrate various alternative I npl enent ati ons
and. al t er mabtive signal i Medelowesungefarbacaclerel Rithe Value 3f0thecoontrol

si gnal genﬁéﬂﬁlok 46 zerbn dtﬁérv‘f'igét tffd "RAice T4H. ﬂ}_é gJﬂE%T éghaﬁ gngl umt

gener at or e as_sho ying
the notion i ngﬁ% 5&;@ 1 n‘gﬂlsﬂaﬁ?ﬁ (ﬂqd’ngTrr}ﬁ? d 1is0pl e@pergapﬁpeg oﬁ‘d’ FonEA or
1002 whi chsipraleigeasrdtar rcﬁé ameMﬁcﬁlgmalmalaﬁ indicatimersignautM 130@pplidd to

i cats ngPinandress hiRRsht s e Hnd G HeRoMAIRAME WL, wHE >
ref er ence proyidgs. thé controlr signal dKt gpeitofousput dtli0én i This Igeseraioecany
rlesponse ChHodacK the 'Ehl':ekﬁﬂf f:%;\)lvdﬂ’s%r %f'c%ux‘v% KEENs 6\?5 f:PrFIYﬂJ S 19f ahﬁ it

m)tlon S|gna he reference Ie Rt he va ue of
control  can g@lsmaprodyce ather, sosr Gosaplexyenonilineass responseht rlémStgatgdm K

It?\ uni t%/ tl)y the responfd Cuifresl K12 landt KaBefn FFI]GH?QEV 1gd Ih”ﬂieﬁ@?i&h plé @f of
e contro i C on indic

M s B respense Xt BRGORE 12, ife ot Sienif Rochhess” feiabvs Y sy
1102 whi chfor smalr anddkrgehealnest oblthei grotioK sagnaltMoamd)mhah;gGS rélhiisely

o 12 "Ry, for FRRIRAIGE v alle 08 el SRRRIE Sigal KT I (B0 ey

responses §¥ampler of exesponse bthgethees;thr@é sianabsnm@sasloramld;ly fior|spuRE 12.
I'n the, examhes odf monbﬁsmslﬁcl‘ea%eknlé%kqgﬁdw Fohelavr ef Aluéd foakn&lon

chang % eh tively_.slow Iar | ueg of e Qn

si gnaie é’és “PBI’%‘B?*’JeF?ﬁpo“se cP%\‘ﬁﬁsdl T‘h‘t é?‘ i g?'éer\?‘&q’h

the noti orpr.slfgmad bver | thet lexample ofx&inhey OsialnedpdlnfbehtﬂcB ddrecciont roI
s rapi A anss MRS i the 2Cives (eg,y K265 K\ B My tebd hiFaDES
response cﬁnd/ébwi desg omticsable eala yiswentafr ths processed vided evigeal. over the
exanpl e of bi naf”l)GMR'BJel@A *'irseﬁnli‘%:ﬁarﬁgfee%rf'é’rkmtable iRFABHRAAIGT 455 sbft t he

are muc

curves .(e. i
not | c28b| esqmcfa @e\x@icfbfcqmanﬁ%@e@éa dealtwlgqm 1302 and 1304 whighre
13A is an-reseive), ere@peenwiyt attlee figmdl daﬁgfeat (¥9)04ngoflic Ihe %Weia?g%dWY\ﬁ)l ch

conpr! o= RS BHaI4 . S0 308 nd Y S0H 55, b, b} Sonnected
| um nance toi gnakddenrt lidlfutthatl 3e6vides thOsblendedaltminancet signahn¥dOedt its
to an addesurhad 01318t MERIPITEES 1808 7S SOsfifoned 87068y SbY e Cohtfl Sighal
25 K applied' to input 1314 and multiplier 1302 is controlled by a signal
equal to 1-K provided by a read only memory (ROM) 1316 Wthh is
addressed by the control signal K.
In operation, for no motion (K=0) multlpller 1302 passes the field
delayed luma signal Y9 to the output via adder 1310 and multiplier
30 1304 blocks the line averaged luminance signal Y8. For high motion
(K=1) the line averaged luminance signal Y8 is passed to the output by
multiplier 1304 and adder 1310 and the field delayed luminance signal
is blocked by multiplier 1302. For intermediate degrees of motion
(0<K<1) the output signal is blended or combined in the proportions of K
35 and 1-K.
FIGURE 13B is a preferred example of a suitable implementation
of soft switch 50 which requires only one multiplier. The switch
comprises a subtractor 1330 having an output coupled via a multlpher
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- output 1312. Multiplier 1304 is controlled directly by the control signal

- 25 Koapplied to input 1314 and multiplier 1302 i SREWt8HBBSD by a signal
equal to 1-K provided by a read only nenory (ROM 1316 which is

* addressed by the control signal K In operation, for no notion
(K=0) mul tipBSero IBE2 ippssef aheadderl 1340. The daleay@drageth langnahcdSsigaal he

0 0 4 bl
out | pﬁ; ng'eagfag%glr n@% 155 lguwlaitd &b - th pos&f\% f? ﬁﬁmpw&ugﬂﬁgﬁvg{f}gsﬁ
| umi nance Sabfragtorgl330 pé‘“s‘%?edﬁé @ﬁ]éYGGt Bimingpce signal % |ap|nmut1133ﬁ0a1$d
adder 1310ap§ﬁed he fadeded 234QYaRK | LoMithansEbIPADA (-) inputi 6f bsldlﬁi@ﬁﬁopy

.d f h
out put 351 ¢ Zg%mgﬂhﬂra’?r%l”‘éﬁeﬁ{fr}éﬁg‘wﬁ?ﬁsﬂhﬁopﬁ%pwﬁwoagm QF miipligha 1.k

out put i g
FI GURE 13BlB385a preferred exanple of a suitable inplenentation of

SOl SuiLeh S0 I GrhaR. WhebrihkreE MY HoMdrPk THeuRAER, delgyed

COI'TpI’I ses a subtr Ing an o Vi a

20 hgsmanseosignahp¥? i caupleddde M@utnutelsﬁﬁevsa/ad@gédlfﬁ% fFnce

si gnal th1¥8c@sfe 'sf%ﬂﬂ Y%Wna)s tfaon}%h@ﬂ:d (bebﬂﬁ’sd)%hftiﬁd?exorl3'39”b'l&’1€§ ttheg
I nput subtragct or | d del a nance Si gr}a Y9 at

i nput 11Q>,6031|g§1al Y8 oe‘i“(? %1&859 2 CAE t r&ﬂwacksl 3dot ot i nput
of subtractmotiorb (K 1]33&1ulTllpdalec0Iﬁ35)|conp¢€silY8( ared apprhised9 aot hddet B30 nput

(k=0) tho pRishy meeplpadpius Y9 gy s, dieEfREl gopldify 'if 20F abRy RdsSnur
1380 vi a ad@sigmds. betng our of ihaseasanetlgrach Y&hnaya thgnaddar outputsés
mul ti pliersibagp \b¢ OCF& g @Que%ﬂ 'T@'beY\?et‘!‘l’i'ElPe ﬁ%zﬁﬁp zer(r Q0<%@gcase

wher e t ere’is a npt cou |
" minus ! ﬁ?ead)d'éputmmal commseﬁ ¥§cénde¥9p|bl|%nd@ aa a@%or&ané¢ wighuithe
Accor di ngl yontrolr sitglnals K.as &K} he Y9 signal s, being our of phase cancel

e heon the 1o bR e of €SSl R BN d e v
and Y9 bl eamlwgied andofigkhodelayedh luminance sigoals, obnei grayl iksteadKuse a
As an al ter ft tQ@ rmeaFfG@fEESY\?té‘tﬂltrc;lPéd tﬂ)?rhdt 3hafd|dé1§ctor
F L LA Sy e g o
(e. 9., FlGor hfle) oth¥rs of véheC linBrhéral gd $) ondfiel Ridlape WﬁQhﬁﬁhﬁn&E‘e
or the ot hg’lrgn%[s ; e%ehh{]neg on v etgel( C)mrotzéne's(ilgr(fI la&’ ci)o(ve or below &
threshold as illustrated in FIG. 12. The hard switch comprises a pair of
gates 1402 and 1404 having inputs 1406 and 1408 to which the line
25 averaged (Y8) and the field delayed (Y9) luminance signals are applied
- and having outputs coupled to a common output terminal 1410. The
control signal K at input 1412 is applied directly to the control input of
gate 1402 and is applied via an inverter 1414 to the control input of
gate 1404.
30 In operation, if the motion signal M is greater than the reference
voltage R then K will equal unity and gate 1402 will be enabled thereby
coupling the line averaged luminance signal Y8 to the output 1410.
Otherwise, gate 1404 is enabled so as to couple the field delayed
‘luminance signal Y9 to the output 1410. This form of "hard" switching
35 has an advantage in terms of simplicity over the preferred alternative
of "soft” switching which, as previously noted, has an" advantage in
providing smoother transitions between line and field processing for
scenes having substantial changes in motion
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- signal s dependi ng on whether the notion signal is above or below a
threshold as illustrated in FIG 12. The hard sw tROAC@®385es a pair of
gates 1402 and 1404 having inputs 1406 and 1408 to which the line 25

" averaged (Y8) and the field delayed (Y9) |um nance signals are. applied

and havi ng out pRIGUREINI$4s téxemplary st 0He PErni &fmh Nbtibfildeteth®r suitable
control signal K at jnput 1412 IIS %gl I ed d&retﬁtl%{ to ihe cgolnt r.ol i nput of
gate 1402 HAAUPE Epslertton; 4an hnllbr, example, e fa-delayed lomiBancet
gate 1404.siggald Y6 and thenfraper atelayrd ilamihancmtsigmalsiYgralare/ applieg eat er
than the rekgegnee iné)uts 1504t 286 (?ﬁe()‘t[' h'ﬁév\%dﬂtra%‘iblﬁ‘ladﬂqgfl'llﬁ 3nBudeldr 1402

VB to She QPR 1S #pBIed to an @bselules Falugacircnat A 508 WHEbI PEOGCRs NGy
_(Il_(r)]upl fe th&n?tiehdiﬁi@ilcald_ﬁté signal M L5(ﬁ't hrtﬁrtpat SI'%F(W iﬂ%ﬁo@o&{i@notﬁ R]!ib _141|0_- .
Is form Thard’ ., sw ng,. as advan e erns of .si [
over t he PLIRLYalR G ThE Cairferined %3 We ShPR URYed lTipdhed sigdP' v6' 'Y
previ ous| yambtthd, flaase alelagediiuagaance signal Yt hbvi diheg reasyot be absoimietions
between ling,angdirblft! & RROARRY 8 R example SESMEE M3V sUBraLRY! gmﬂlﬁl

changes in notion L . o
FI GUREO15 mayekenpither, positiye 9omegative and i onlydenecpelarityi indieeded for of

use as det®sithsl &f- then blétdin@XSWRER 50 'THe Aekades Valiie NGinésit, in ofhlegnal
Y6 and the fr rre,,deligi%esd l.um nance si gnal Y1l are a

Pc{)l | Eid to
respect i veVPHHut sTCERAIESa n e, Sy tgctor Pdeor SIRgle molatitYr & or 5
out put i s dmrnatdet s a0 ehdvltht eabsolute oialueli dircii08anthimtilize ahe dfdl t he

ti > 8 , , I " 0 in. : o '
absol ut e ViEcacldr Shifl, ol sBRvE A heddiRl SRIBERP Tk CcbRfgline o
and thé fraddsese|iaputs | efrithaneenipl rrignat genenator etgashonhie mpswiryt ée.8.,
Tay be € Lhor pas Ty ch AGED, SIGHAIVE orS pictiin | (Mt 48 ooty sRE 10
Comt rol  ofbATdL STaIaY) QeTeir onyRs. GRIEriBdy it e pEerEntianed. Friishatd
w;)rds, "redBi Paesit 4(6tISUB6S aClIhlfer sabtmvtort eype S’dfng’tcﬂ(ijmfﬂ(_iﬁtbéwr f]kn ol
alternativ t ol ut e Cl I cui Jize. u
subtractorper 88%5%@ ?‘g‘o, ' @S?ﬁvé‘!‘l‘%‘?{b&ﬁiﬁ’r%‘égvgfuﬁg)fﬁﬂéﬁ“"c’soﬁﬁBﬁﬂ‘Xg 15
addr e39 i nput s BIGUREE ohé rand sl fridlustrateraitemativedimoplementiony dfe dglay
ROV 1102) unfpt42nghfiaf fblRIAth Gide demBydd hlBle Sighar 47 Sutid Fiela! de
band energy .detector” type described in _tnhe atqfenentione _Prltchard

US Pat ent cfﬁl@m, 1%letpu1rh%g§abt¥§cm thgpfragme dalayed quitpst ovignal Y11. The

preferred gxact hdelayesf nthesé veiphalendepemds; cadfwill e ekadily erezopnided, ton 20
S AL DRI AR, SRR AR e O
25 example of FIGURE 16 (where NTSC standard is assumed) the tapped
frame delay is implemented by a cascade connection of a 1-H delay
1602, a 262 H delay 1604 and another 262H delay 1606 thereby

providing delayed luminance output signals Y7, Y9 and Y11 at outputs
1603, 1605 and 1607, respectively.
30 A presently preferred implementation of delay unit 42 is shown
in FIGURE 17 in which the signal to be delayed is applied to the input
1702 of a 1-H delay unit 1704 and thence, via a multiplex switch 1706,
~to a memory 1708 that has a memory capacity of one frame and that
provides a total delay of a field. = The output of frame memory 1708 is-
35 applied to a de-multiplex switch 1710 that provides a field delayed
output signal at terminal 1712 and a frame delayed output signal at
terminal 1714. The field delayed output signal is coupled back to the
other input of switch 1706 and is thereby interleaved with the frame
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del ayed output signal Y9 and the frane del ayed out put signal Y1l. The

. exact delay of these signals depends, as w || be rqadjl gsr3gpgni zed, on
the video transm ssion standard (e.g., NISC, PAL or SECAM. In the 25
exanpl e of FIGURE 16 (where NTSC standard is assuned) the tapped

frane del aielayelbigeia® e théymnictyCa9O8COBPCHiOmBkngt e cithetts of
1602, a 262 del ay 1604 ot hg ‘gfi(i & ?1y 1603# herebi/ h
provi di ng H'éq"%?%yd Wﬁéﬁcém(? fieayedsfigld) andIrapae delayed s{snals puthic
1603, 1605amndepatamedr et phet ougput. by3 mleans of the pdemeaitplexprsefiestr ek 10.

i npl enent th%ePfd&?h@yoPnﬂ s eé(a{ I%h‘?ﬂ’ntad)d)ed frdnE! %@; #];nf rh%:’fl{d'eh t he

signal to be d 1 | ay un|t

1704 ard t RES$ERte i"alé nﬂmpnw@xﬁ% 83rofi RoeT. Fling entitlgdnWhBEO 19163NAla

has a menoFYELBYERAMESTORAGESY STEM hwhich 1ssue8rﬂi‘ﬁ'uﬂg§t257 tr%s@d dlelt ayI of
O a de-nu | ex

a field. The ou menory 170 )
switch 1710 thaFngdgédLéaﬂﬁ’fsfr@ﬁf &epécg;gglcatlon Ofo@Fpﬁ? ofj sigmal Processingal
1712 and airf rtheereteiegredfoFIGWRE §nwheatin the se]iaeauednahrdrﬁiﬁ’anc'éhelgnaﬂl d

del ayed Outﬁuhrﬂ igRg! b#e {;Seﬂgal dléaﬁsk h@hﬁeﬂeto the inplit"£804 "Bt 2 Yo15M teh

1706 and |s t ereel
22 10 afaynd804, whichepmyidesodenmydulated ntbasebandd emtpent s of

menory con@mo?esll ahpsr I(eeg\éetk 1 el émclf)f rt@%sﬁeéﬁv%p%ban@;h%m 9806 andd' €
separ at ed g %he {lput lﬁﬁ %@8 g W I 710.

Furt her de?p hr4P a:% Bf llnﬁpﬁéﬁ’ ¥ t%@ qmmwe signals

pr es%?t ed to thiS P&t enocebsob3nd7 ddatek BnitT24F! i fﬂbrﬁﬁﬂulaltmﬂ gfhe S| GNAL | GURE
FI ELD FRA S anua

16 11 lus EolaEs Sighal'| MbEitol SaEheny "4 sholAr, B Bl rpample.  dgSt e
recei Jer ofeqUitGURwA’ M@reSpﬁdeapsemmtSedbutthtsorpmaeméyspgaf tred as h@ting

ded b d 8Q4 10
Sre(r)n\;lju?at Omciggi'hﬂiﬁe J& é thg t%l&aﬁga?ﬁgséﬁand?ofo‘gepoél%k col or

si gnal s (eh&q“eﬁc)ﬁ( %pr?d‘ d’thﬁé‘ﬁbs@t ibfe reguugdypl (et §olgoglqmgdulat10n
1808 whi chwenppdynel cafisée slplead u;atxs dﬁm@lzu oﬁéﬂrm:ﬁ rece si gnal S to
the YC processof Qjﬁﬁa &3 Yol @Ft I on %f {)’(ém nance
signal prior to gﬁ -ui) léseéﬁ al]yn hflgo At HBeglrEBItr éﬁﬁ?

col or 7§£eeu|seupn cthec i¢aed veruofi EI@Uﬁnl |whiwhe Emiplegls as randomg access t he
advant age f qQlgghn gt Qﬁﬂg oyer o f uency

t han woul dﬁlfg{rggﬂryqugg}zbg)frg%w re d?# F?g& 5]-{ ﬁnée%ddﬁ"‘? éort 1904 \?élqe done
after speckfCGp/IAg Andigitiah r%ﬁﬂ@luéoehﬁnﬁﬂe@ ed up and an ewwgurEpag 1906

o PR LT el SIS B cnca sl o e i

25 which is illustrated in FIGURE 20. As shown incoming lines A and B are
stored in the memory in response to the write clock (CL). The start of
the first line A read cycle starts half-way through the line A write cycle.
Reading is done at twice the write clock rate and so line A is time
compressed by a factor of two. The start of the second line A read cycle

30 begins upon completion of the line A write cycle and at the beginning of
the line B write cycle. The use of dual ported memories is presently
preferred in that it is less complex that the other examples discussed. It
will also be noted that the delay involved between the start of a write
cycle and the start of the first corresponding read cycle is only half of.

35 one line rather than a full line as in the previous examples. Various

' other changes may be made to the embodiment of FIGURE 1 other than
those specifically enumerated and described above. For example, it is
not necessary that any of the signal processing be done by the
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“menory 1902 of the dual port type having an input port 1904 for

. receiving a digitial signal to be speeded up and aRQAt®y38p60rt 1906

provi ding the speeded-up video output signal. This type of nenory

“allows read and wite operations to occur essentially at the sanme time 25
whi ch is i pkeferreal ardethod-IdBUREgizél sAmalhprecdssing)i S8gitablesdedagsndmByaibe

stored in . j e ' i C .. The )
the first F’Pﬁ"e‘?&gﬁégdb@fg I %'%_g'?%fst tSSB%EaIrE}es ggyhg%réofﬁg‘r?]é%éﬁcgg zES\t/l-'vr%il;/[BeB%:ey[}:I e
Readi ng i sdassrébed. t vAsithmesicwopeeationsc £of agealegd eswbodimemsi ;may rhe

30 bagi n b g g P L
of 3 {Remming BoRvErks dnd she ﬂﬂte-usfh&r iaven o, o8 fiskined | Be e
presently followipg e¢laimediricludémtall tanabog eari adigithbalterahtivese wt hke

exanpl es di ed _ I al so be noted that the delay invol ved
bet ween th(kaﬁgf}igirsct %l]cl‘r(iienﬁi FSSWI{)Ld' cycle and the start of the first

corresponding read cycle is only half of 3 5 one line rather than a ful

line as in the previous exanples. Various ot her changes nay be nade
to the enbodi mrent of FIGURE 1 other than t hose specifically
enuner at ed and descri bed above. For exanple, it is not necessary
that any of the signal processing be done by the )

23 preferred method of digital signal processing. Suitable delays may
be provi ded by ot her nethods such as by use of CCD devices as have been

described. Arithnetic operations for anal og enbodi nents may be

i npl enent ed by anal og devi ces such as operational anplifier, resistive 5
summ ng networks and the |ike. The invention, as defined by the
followng clainms includes all analog and digital alternatives to the
specific el enents descri bed.

24
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- WHAT IS CLAIMED | S: 1. Progressive scan conversion, @

. apparatus, conprising: 5 a source (13) for proR@ANESA8Hi gital
video input signal (Y3) of a given line rate and a given sanple rate;
characteri ze.d b y: a sub-sanpling circuit (40)
coupl ed to sai d source (13) for provi di ng a sub-sanpl ed vi deo si gnal
(Y6); 10 @3{1 W .tlve processor (42-50) responsive to said sub-
sanpl ed vi deo SI gha Q‘ or providing a notion adaptively processed
sub-sanpl.ed vi deo signal (Y10); a subtractor (48) having inputs

coupl ed to receive Pgdessibe scan cEvERbRM \a @aﬁjsgn@dm fﬂéin ind sai d

navi ng San-out put YORCHAdN didfgProvifine 4 %”E’l@amee@%ﬁhﬂalwflf e 2, gnal

(Y12); andgiven line rate andoat givencisample xa?éB) responsive to said digital
vi deo i nput I ). an to .d sub-sanpl ed video difference

signal (Y12) fo Ch Er%@tépiz%&i 8r Sssive scan output signal (Y2). 20
2. Appar at us asar%ﬂ?'ﬁmpﬂwgﬂcbﬁwll (4 ) coupled to (said assqurgec(k3)eferi z e d

i n t h apfo§dil Odltd%%tsacrhb%ﬂ tvidd9Bii nal (Y6PNPri ses: first
nmeans ) for doubljng t line rate ﬁiﬁ ﬁqw deo input 25 é ggal (Y3);
7 -

second Ybheans (5%, B9, Adaptlyie RIOCRESAT Je TESRPRSVE | for
the sanpl esampledofvided dsignal SAP) dor vprwddilig fermocions iadaptiveMl Processed

provi de a Vv r $I gnal (Y14) having the same line
EFERRTPL LRD Beafl )

rate and sa e as a *rate -vi deo signal. (Y4)nfroduced 30
by said first neasubtragier (48) having ioputs resupledinto (reeciye) said sabmbi ning a

line of sajdin fteCQﬁa@&' signal ("YG’)eoarﬂ! dsfa?di efioRidn" Lt gﬁ'\%&al pricels&Y &fyp-Ot her

l'ine fthedo bl e.line e Vi J nput SI provi e said
progrg§5| Vgrgetéq dﬁ@%tugnal ({SL%Bnapd( ying #g ou put for prov1d1ng a sub-
sampled Yidéppdifférencassighal tEA12)) ehdi m 2.
' an output circuit (30B) responsive to said digital ‘'video input
signal (Y3) and to said sub-sampled video difference signal (Y12) for

forming a progressive scan output signal (Y2).

2. Apparatus as recited in Claim 1:
characterized 1in that said output circuit (30B)
comprises: o
first means (36) for doubling the line rate of said video input
25 signal (Y3); |
second means (54,56) for doubling the line rate and for increasing
the sample rate of said sub-sampled video difference signal (Y12) to
provide a processed video difference signal (Y14) having the same line
rate and sample rate as a double line-rate video signal (Y4) produced
30 by said first means; and |
combiner means (38,57) for combining a line of said processed
video difference (Y14) signal with every other line of the double line

rate video input signal (Y4) to prov1de said progressive scan output
signal (Y2).
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chrar acteri zedi nt hat sad conbiner neans conpri ses:
a switch (57) for selecting alternate lines of said pr®@As8d,38deo 5

di fference signal (Y14); and adder nmeans (38) for addi ng out put
signals provided by switch to said double line rate video input signal
(Y4) to form §aiAippamg|usa$:si vezited in SCRAmOQtput signal (Y2). 10 4.

Apparatus as [ ERLLHI 8 AN g in tha EI2GH BINEES magfls LN

sai dconbi ner neans npri‘seés sel ecting
alternatecpnﬁy§56$ sai d processed vi deo di fference signal (Y14); and

sublr 86iRh_{BANTot 3@1&351% SM’EEr"nﬁ?é | HEdsy &Ogﬁﬂ”??&&ékﬂuh&'cgnal S

pI’OVI d svmtch 5 le line rate video input signal (Y4)
to fo% aﬁf égﬂa@e?ﬂfg Bﬂfiput signal (Y2). 5. Appar at us
as recited in @ddemrﬁeaﬁ’@ (38) for adding cutpuc sighals iprovided by switch fo a t
said noti [ gyer ager
(45) for \nglchgyg] Ilé;eli"‘rq{ ce%(rag%ﬁg{’e%glqpuﬁeéi%H 3?43 %(&bform Salds I}ﬂﬁrsgslv?adeo
signal ; . scan’ OUtPUt signal 4Y2)nit (42) for del aying said sub-sanpled video
signal by one field; and a notion responsive switch (50)

coupled to said ||{ne averager (4 d to said field delay unit (42)
for gr@viding gai‘épﬁﬁ%t% Fﬁﬁﬂe\sﬁél"‘}/ Claim r}'processed sub- sanpl ed vi deo

signal (Y10) te hwatd subtlerpet0e d48)n that said combiner means
- comprises:
a switch (57) for selectmg alternate lines of said processed video
difference signal (Y14); and
15 subtractor means (39) for subtractively combining output signals
provided by switch (57) and said double line rate video input s1gna1 (Y4)
to form said progressive scan output signal (Y2).

5. Apparatus as recited in Claim 1:
20 characterized in that said motion adaptive processor
comprises:
a line averager (45) for vertically interpolating lines of said sub-
sampled video signal;
a delay unit (42) for delaying said sub-sampled video signal by one
25 field; and _
a motion responsive switch (50) coupled to said line averager (45)
and to said field delay unit (42) for providing said motion adaptively
processed sub-sampled video signal (Y10) to said subtractor (48).
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