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Jelates to an apparatus for separatlng t he. | uni nance and chroni nance
Tomponents Y and 5 C froma conposite vi ok signal in a television

recelwer.,1t will be desapiapadve tvlzcr SEPRAATIONO APRARNTES system by way of
exanpl e. }n a color teIeV|S|on (T¥% S' zt %h as NTSQ), the | um nance
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frequency. g Wil Bl EQscwbéaemxt&&efehmwmcrtmomsoonyiueme by alapusf 2xdmple.
4.2 MHz) of the video frequency spectrun1 (O0,to €+t | s shared gé chroma
conponents and hi gh fFeqRief@doT ubeld %bﬁﬁbﬂ@nﬁEV)Tﬁes (sueh 135N TBe! ow

about 2.1 NttaniuhhﬁaN¢ee@nar@ﬂﬂ@msuaﬁ@eCééuﬁmmsnoscuplewbscemmy by | ume
conponents Vari ous_20

t
“frequency i nfehrematy T%%Be%ELVELYEng Egn gﬂgﬁfitéﬁé?iipsggé%ngf%ﬁﬁl are
known, fQo exfghat, ate 6ﬁsﬁh5edtsithiﬂStBé?v(&bbnﬁs?qu&MCﬁ eee;ﬁn@m in
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vi deo si gnal I ne- At a % ield or
frame-to-fraat istepgpalymgbtipleseaf Vh§nh9ﬁi§°ﬁ§§bnb¥"6nsFéPP§"9as it

frequently degsouthb péﬂﬂrEﬂevbﬂfemacébhabﬂeﬁﬂgnﬁt'Qadoﬁﬁwtibmeghsf
reproduced |nagg % anonol i es re % rom 30 i ect ? cellation of
chroma in th@nﬁuﬁﬁlﬁutbﬁtllﬁﬁdSGFEB 08r $538AHEPC¥ran h?fN ﬁg ayﬁgeﬂh

abigypt changenei Opple aaﬁtﬁbudeioé Ghapsatbet deeo adpausnb bifnébe
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spectrum is occupied solely by luma components. Various
20 comb. filter arrangements for separating the frequency
. interleaved luma and chroma components of the video signal
are known, for example, U. S.'Patents 4,143,397 (Holmes)
- and 4,096,516 (Pritchard).
Comb filters operate on the premise that the
25 composite video signal from horizontal-line-to-
horizontal-line or field-to-field or frame-to-frame is
| highly correlated. When this assumption fails, as it
frequently does with program video, certain anomolies
occur in the reproduced images. The anomolies result from
30 imperfect cancellation of chroma in the luma output, and
vice versa. For example, if there is an abrupt change in
“the amplitude of chroma between adjacent lines,
~ scintillating serrations will occur along the horizontal.
edges displayed in the image for a line comb filtered
35 (hereinafter "combed") signal. These serrations (called
"hanglng dots") are due to incompletely cancelled chroma,
in the luma channel. Alternatively, if there is an abrupt
change in the luma amplitude between horizontal lines,




-2- 1 anomal ous col or saturation effects.will be di spl ayed al ong hori zont al
edges. Similar undesirable effects occur_in the field and frane conbed
signals. Adaptive conb filters elininate-2ome of these 5 artifacts caused
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functions, v ctiele #d i fgkee cdompsd estgreslbs . 10 The Y/ C separation :
function with the best_ index is .se ed fo neyating th onbed | uma an
chroma conponents. Lﬁé@pgé? e‘f‘ﬁ'%b 4%%%&’()%43_{*98@%#?% ,%%6%%8(NtNeel y
et al.) & atobtacts wwaused ey Yirperefes tit¢ancel/kaehen haf i chr erimpin ve -
features. t L @gﬂgtiv / it appar at us,
the i ncom n]é’? olrL.]TJandoelf%é/‘gtd; I‘gc\%gripqggﬁsz eo s%%a%%@??%a% pass filtered
(her ei naf t efi Mierriphsaier)ly usrsal ternake of /¢ reeparat ten (Bwmtions to 4.2
:\/Hz) izgcl Ud(élgg.t,[‘elimrﬁir‘\@adﬁrﬁb ;:hzgrmmém@m }Se@@gﬂ%té}eq,giﬁhrfé@are[\cy | |
unma co nent s. e, pbandpass ncom ng, conposite video signal [err’
i s delayedqf i esy fuRct 9¢§de?%§b?iﬂﬁ% 0 %@é%ﬁo%*a??kﬁ?ctﬁe ndpassed,
1- H del ayedTreendy 2 H ekrd pyetiorn ofiprost 1 en w ity sheg e st [ idéx rispectively. The

ohal o ana GRS L1k 9 ST Prating"FIE SEORES Bl R e di LI T b e

represents compongratsed 8i ghal Patents 4525004 ufROSSY) cdnd okpbB 65848 to
conpare the s g@?@ )t i § Ol a [ [err]
(i.e., unde1%§ﬂ£§1€?€P2%§ E?ifde a§%df%¥%%§f%?i€€sté%t?%éﬁé%% pendi ng .
upon t he oldxohensfhankng cafrprtivs, fembtuB®sseveral Y/ C separation functions

(e.g., 118l conb, 2-Hgothe Ré€s)'s SadEHELVE@dy /L Oséper SKTINSAPPardt Qs hers t@/

i onal B 1 o Tea 08 a(2h frdarhyod) ponpast £6 GhIEh coliral 1f dbs ay e
(non- bandpassredpasonpbbteredi (kersimatiteM "batidpdbeseptlsts phsomm si gna
Lerr] s syDILRCE plefLQiRALEed (hESLEYED to 4.2 MHZ) including the '-
interleaved chrqma_compohents and the high frequency luma
20 components. The bandpassed incoming composite_vidéo
signal Bb is delayed:twice by two, l-H delay lines to
develop a pair of bandpassed,. 1-H delayed and 2-H delayed
composite video signéls Mb and Tb”respectively. _The
capital letters "B", "M" and "T", respectively, stand for
25 the bottom, middle and top horizontal lines of the video
signal, and the subscript "b" represents a bandpassed

signal._ a : ' S I

_ Rossi uses a plurality of pomparétors to compare

the'thiee bandpassed composite video signals Bb’ My
30 ‘angd Tb (i.e., undelayed, 1-H and 2-H delayed signals,
respectively). Depending upon the outcome of the |
comparison, one of several Y/C separation functions (e.g.,
1-H comb, 2-H comb, etc.) is selected .to the exclusion of
others to develop a bandpassed chroma signal Cb’ '

The incoming composite video signal B is applied

to a third 1-H delay line to develop a 1-H delayed
(non-béndpassed) composite video signal M. The bandpassed
chroma. signal Cb is'subtracted from the 1l-H delayed

35

v



-3- 1 (non-bandpassed) conposite video signal Mto generate the |uma signal
Y havi-ng an uriconbed - 1 ow frequency portiop (below 2.1 MHz) and a conbed
hlgh frequency portion (between 2.1 and 4'2‘N+E) 5 One of the
i mi t3td ons dhoﬁebandpassbdv compoplbysvadbot sdgpaleMetengengphtigsthwhi ch

makes the ef [ a wable ditions.
Anot her I|ﬁ1?6@|o%qgﬁgzo Rb%iﬁﬁ ?thﬁéaﬁgﬁglgh p¥%§§¥§hggn%3fg glngle
sanpl es from(bgdlwoR ﬂhMHZO Bndes combedchighwitenurncysepatdonon function
is best), anqpetwekRUP. 1sg§gthQbMﬁZZo errors due to noise. Still another

I|n1tat|on is that Ro %e ri 3% 1-H delay li-nes for generating the
four signaPs [err] [ePPE 2Ad hdB4 %8”8e9§|835§ﬁe1§ebaﬁﬁtbﬁ | una 15 and

phrﬁna c?npoamon9y¥ am?iebaryngayfb?egSvanee§§|ahiﬁﬁlm?ﬁéefﬂﬁéve to h

i enmen an igita mai ns icyularly, in e

i gi o domabhf 2CATRPES. P s PabPareBE Rt able, REEN &loda
aII-or-nothcngd1$ébestloﬂnptbeesiim@thbioh bficRYsEi20ssepatakion functions
is used to t S S e

e ot 5041 DBpRX0H>pBosks bnpa e elndle fﬁ@k%é Cralr 886" 8F P rec
some of tH@ éﬁbﬁéséﬁé desiidst whhgho¥ /Rosepar@ii pg 5ﬂnG§ﬁPOSi$ebQSthdeo o

signals are dﬁuehgpe@nughlgbseéstﬂsheyee EEPH}SaBUeOEBeﬁo?Xean Integral
nunber of hori zont al peri H, 525H, -etc.) Each pair

of video signals is u§$é a@BgBFétiigébﬁFaPBdiPuﬁﬁaﬁna°§ﬁ1oHﬁeéoﬁbbﬁénts Y
and C, and ag3inden 653!?1Qﬁnéso$ﬁrdgéﬁ@fSﬂ§ﬁ§ khéhﬁbuﬁosﬂﬁﬂﬁyéeﬁethe

correctness gf th cconpa C,conpone sur el
correctness ape Egngarégg Bé ﬂ8§ﬁ§ gBoHeY °PegﬁFt§eBF gﬁgEfPQBn the Y -
anLC conb@nendscassmalabmdomenhstMeabdsgbneasaneyolinesracEness are

sel ected Tor rLYeLGE10" BARSRET! Bo' IR TYpLRES! Neel y et

al . do not er ence va ues; ereg§ 8 8%F8| a nore
accurat e Y/cdéeéaaétﬂgmaingrKhetmnpertbcukar&yetialthaséiaipair of sanples

(|nstead - domain). A further limitation of Rossi is that he uses an
~"all-or-nothing" selection process. (One of the Y/C
20 separation functions is used to the exclusion of all
others.) | :
.The adaptive Y/C separation apparatus disclosed
in u. S. Patent 4,636,840 (McNeely-et al.) overcomes some’
- of the aforesaid limitations of Rossi. Pairs of composite
25 video signals are developed, which are delayed from each
other by an integral number of horizontal line periods
(e.g., l1H, 263H, 525H, etc.). Each pair of video signals
is used to generate separated luma and chroma components Y
and €, and an index (ﬂsum of cross differenceS") that_
30 measures the correctness of the accompanying Y and C
components.. These measures of correctness are compared.
~ Depending upon the results of comparison, the Y and C
components associated with the best measure of corfectne;é
.are selected for furfher processing in the TV receiver.
35 McNeely et al. do not rely on arbitrary reference
values, thereby proyiding a more accurate Y/C separation.
Furthermore, McNeely et .al. use a péir of'samplés'(instead
of a single sample)_ffom'each of the lines for calculating



of a single sanple) fromeach of the lines for cal cul ating

-4- 1 cross

di fferences, thereby |ncreaS|ng noi se i munity of the sel ection process.
However , Nthbely et al. use an "all-or-naghi ng" sel ection process simlar

to Rossi. Anot her tation

t hei
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I's not sha ;Efl eWirt Qeﬁe:QSaQQBO'Ih%”EGm?bEBHIt ¢3NBOBgRLLkd REWEYeEomb3ngot

needed to ect th esired renobva

chroma co ents, and rves only
to unnecess&flpytdéwéﬁeli§ Pﬂﬁéreoﬁﬁ89e593t° éo@pgﬁéﬁts Jhetﬁemﬁgﬂér end
(e.g., belowczhont oJIeM'ilheohiR;he feegbened band poirtlioar e fstbjeeqtideo such

Pr cccr vai | o TBECEDEN SBPELEMT dabdeh 18 sREXRa wtioensdny

mat i on.
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resol uti on icompbaentsyd Bascthecdesdiredhe ffestl afedeleddog Theomaesent
'nvent'Oﬁgdb%%pgﬁﬁﬁtﬁnf&%ﬂrQK%dlﬁhg %%E%h%t'O%x%ﬁﬁéﬁ%hu%foﬁhﬁge adaptive

type TR subject appar at neans coupled to the

I ncom ng

conposi te 2§Omhd®@ 9£§ﬁ@ﬂ Bnﬁ@rtbﬁodﬁﬁlﬁ@eGPFH&Yn@ﬁﬂ@aﬁ@55§§@d(Uﬁéémdelayed
conposi t e V'ibgg:gfta@?ﬁlrew wi(t%) t@qeb%wim%%clen%q @@mwetnetsw deo si gnal

[err] (3) a

bandpassed1HHWQQQGeIé§e&° oM§&SEde esity F'ﬂ&s

ssed on&e- del aye co 05|t edﬁ d (4) a

conIroI

circuit coupinaGme0 dopoined tishe alnly eerb&@mmﬂsje(tocmmtwdssamid@o deilgrta s

[err] provides a si naI for ntr II|n deV hts a ned tQ_) o
the thredb &8 tss 169 % r‘?r%r g‘t"hllt%e Jsee@\flr;s% cggrft Z’%l%at i on |
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jnformation. Preservation of such vertical detail is

desirable to avoid loss of vertical resolution in the luma

20 content of the displayed'image.'

The present invention discloses an improved Y/C

separation apparatus of the adaptive type. The

sub ject

apparatus includes means coupled to the incoming composite
26 video signal B for producing (1) a non-bandpassed .
once-delayed composite video signal M, (2) a bandpassed

incoming composite video Signal Bb; (3) a bandpassed

once-delayed composite video signal Mb and (4) a

bandpassed twice-delayed composite video signal

Tb.

30 A control circuit coupled to receive the three
bandpassed composite video signals Bb’ Mb and_Tb
provides a signal K for controlling the relative weights
assigned to the three bandpassed signals in a manner that
reduces cross contamination of the separated components.

35 A combining circuit coupled to receive the respective
bahdpassed composite video signals Bb’ Mb and Tb'and
‘responsive to the control signal K develops a combed

chroma signal C,, where:



V.

chroma signal [err] where: [err] The luma signal Y is derived by
subtracting the conbed chroma signal [err] fromthe once-del ayed
(nonlhendpassed) conp05|te V|deo S|gnal MsL.e., 5Y=M- [err] [err]
[err]™wherd the subscrlgﬁ i ent.s Iom1frequency conponents. 10

| n -t he acconpanyi ng dFef ﬁas bELER KlTbs(& 59055 di agram r epr esent &ldon of

?R adaptlv? Y/ C separaheogipgpgﬁghu$ Nnigcaetd&élebyﬂ%Dbt?fc@ih&?tﬁéig of
e presen sho ock form “for
gener at i ng acgéﬁg% ﬁgrBFécE g?@ﬁaEbgigopo B"Fﬁ aﬁ a¥®Par at us of FI'GURE
1; FI GURE" Knposbﬁaﬂassseﬂ)aCDmDoBiHEagidaofedgnaﬂhu,cireuyt enpl oyed for
devel opi ng-a centr gl nal K for use in the FIGURE 1 apparatus; 20
enLrpl - tg
c

- FIGURES 4 and 5 graphl ¥ represent di agonal | y-separated, video signal
sanpl es i nvol ved=i M tMg- éé i Wgti bA20fKe ig+&dnkPeBydignal K, and FIGURE 6 is

a bl ock dlagran1genéesegtntLppzoEKaTnL(lng)cBrQU|t responsive to_the,)

| & In the d th
IR N IR S RIS R i&?‘hﬁresv%@%%wﬁﬁé“eé‘w. -

connectlogg carrying 3dmathe scgumbanpﬁngUUPaNQﬁgdUCtOF 30 buses carrying

Feadi 1y appreci ated bf PHSEer ke 7 oaPPR ;AL 3AE pRBT o TRt e Eon A ErEn: hat
t he |nvent|oﬁdﬁayibe M/&csenedabhﬂelaheardtgstah accandameoe reptestmeé at i ons

of 35 the coapgﬁbislggdgp §h?n +esERE 1neﬁnyigﬂses of the detailed
descrlptlon however, _it e assunmed herein that the conposite video

signal is an 8-bit b|ﬁ&FVRﬁlél%%?w§|§n§ﬁr9%§tth&ﬂ b hecikofipomi t Bovi deo
Sugga| i's lng&héré@iﬁb a sampling clock signal SCS for use in the

apparatus of FIGURE 1; .
FIGURE 3 illustrates, in a block diagram form,
the circuit employed for developlng a control signal K for
use in the FIGURE 1 apparatus;
20 FIGURES 4 and S graphically'represent
- diagonally-separated, video signal samples involved in the
estimation of the control signal K; and
FIGURE 6 is a block diagram representation of a
. mixing circuit responsive to the control signal K for use
o5 in the FIGURE 1 apparatus. '

~ In the drawings, the lines interconnecting
U * various blocks represent either single conductor
connections carrying analog. signels or multi-conductor
3p buses carrying multi-bit parallel binary digital signals,
as the case may be.
It will be readily appreciated by those skilled
~in the Tv signal processing art that the invention may be
praCticed on eithef'digital or analog representations of
g5 the oomposite video signal. For the purposes of the -
detailed description, however, it will be assumed herein
that the composite video signal is an 8-bit binary digital
signal and that the composite video signal is in the NTSC
~ format. '



format . -6- 1 - - Referring to FIGURE 1, an adaptive Y/C
separ.ati on apparatus, pursuant to the subject’invention, is designated by a
numeral 10. As shown therein, an inconi ngéer undel ayed coﬁp05|;e vi deo =

signal B fromthe ou iukeo 1detec tsa@e it N
TV receiver is appllgﬁH%g$§H agglgItto- lg %% %%Af&i%%ogggfkgﬁg?th?he ;?%-
converter 13PPaZadusnePUTFYANCER tHecs §fﬁeiﬂWﬁ&5 igngndis B into a

di gi ta: si gaﬁlslcl?@ﬁnreldsmg as numeI2ilvd 08- blpts %@Wrﬁ&h@re\mrdﬁnl r:lnrc%ﬁﬁ;h@se to
a sanpling eloc n reviQ ateq, the.ca '
letters "B" d&ﬂ& %Spiggiﬁgr 3H§°b5#t 1 E?J%P@ gﬁ& PH&DP pH%
horizontas deeothm@sdaieamsplaﬁa@eodnmneShmmecdmethanthhecsdbemrlpt "b"
stands for b [ lva 1lolg npl i ng
clock 15 S|%Raﬁ%§gg%has°§a?p?nﬁén t? %%%HW%% Qﬁ“?? §% %fE?%a?%IS four (4)
times the flbguédd®y cpaverter d4 tzansletes dhe Hocomiog compasiiter signal

CSS (a bur Swlefeowyi@haus g rifh't%mat tdq@ﬂlam %ﬁgtn*sq fw"ap?;q@w félu%r&l@s@ﬁve
interval), an ew th. i onal 20

1n unc
bl ock 16 refr éénﬁ?mpﬁéscPJCW°§F§n&P §8§P8@5§M%Q:ﬁ Fﬁmwg§ é°F$ t he -col or
subcarri 96 siignall Ispsst d!sve:ir@wsiotdsay4 ind iglateadt,| ¢¢ieed:aspamalll e ttleqak

si gnal . o) a fun nal ment,s shomn
O e 15'23 \34 Jé“ rg'n'?'? gﬁ‘% t@%nﬁl"t&é’ o) 6"315"@ gr‘i‘&l Hegter e
i ncom ng di glou'é.lzocxtra;iosrlitd@owldmss|agnz§!i$Bl@tyetd1@"0waﬂ<i@festcl0@eA/ Bnd _
converter 1{P|555% (fr‘i%tt Qi s'tra%tdsbwp%s%afn'd 'seJdB sﬁ’bﬁix first 1-H del ay
he ba :

el ement 20 ass fil 187 s operative to pass a band of 30 -
frequenC|es (e.qg., aHEut513ﬁ§U@39IV%BPﬂWuﬂhiirﬁ?%lﬁ?@ﬂ%&ﬂédcdﬁﬁ%W regi on

(i.e., a?@‘”s:.%njalt &k hada) fequitcy thoé re%‘b‘iﬂﬁ'y PeCMHET tHat 1

bandpassed I nco cqnposite # deo si he output of the banébass

nal
filter 18 i sf°|ud'en(t“|%f itddess ther ]reqqgncg FRat e(r;t €, 35, @2?"@5’ @Kcé‘rﬂﬁ)ra)
descri bes arolldrugiubdiairtd edi @ilgha oSS biirsitero fCiwhabH .is

transmitted during the horizontal blanking interval), and
is phase locked therew;th - In FIGURE 2, a functlonal
20 block 16 represents the clock signal source, which in
response to the color subcarrier signal burst develops the
4 Fsc' phase-locked sampling clock signal S€s. It will
be understood that all the. functional elements shown in
FIGURES l, 3 and 6 are timed by the sampling clock signal
25 . sCS. o ' ‘
The incoming digital composite video signal B at
“the outhut.of the A/D convertér'la is applled to a first
bandpass filter 18 and a first 1-H delay glement 20. The
bandpass filter 18 is operative to pass a band of
30 frequencies (e.g., about 1 to 4.2 MHz) including the
shared upper region (i.e., about 2.1 to 4.2 MHz) of the
video frequency spectrum. The bandpassed incoming
composite video signal at the output of the bandpass
filter 18 is identified as B . U. S. Patent 4, 524, 423
35 (Acampora) describes an illustrative digital bandpass
filter Circult. o '
The 1-H delay element 20 delays the incomlng
'composite video signal B by one horizontal line scanning



The 1-H delay el ement 20 del ays the inconmi ng conposite video signal B by

gne horizontal ‘line- scannlng -7- 1 peridd to devel op a once-del ayed
band d t d
T onde e BERLooEROaL E18h o008 M ed ErBBSEaE By Ed FOTPOSL L V! 000

passband as cREDORitE b&ﬂﬁ@aﬁ%gmﬁlt@r 5The ane-deﬁbn@@ qomposiibe Mz) . The.

bandpassed opggegekayRel CANPOSESGpYedePoSa g R d u second
bandpass fllter922E g | abel ed a Rb A? Qé&o E@ﬁ Gygﬁlt%%%?{gﬁzdelays

the bandpass¥B1 SHcBaaeF%§e33%6n56§$?%“9|ﬂ%otEFgﬁﬁsteP?Td%WS%nEih%#$zontaI
line periogl 18 {®.prodaseut Dat\dpaszemHi\)VL ceThe! bysdpsos@@si te video signal

(non- bandpas 2880 -BERRLER: SO0PEELEE! T18pB R 1BARE Rat ey RkRdt HECHAEl ayeq’
cgnpozltfhglaeooma bagdaas&bfglbeeaZﬂ ﬁglhggdlby mseMggrlaomeahnﬂln?dggrlod
S ohal s B and [oF afpepneNt P TBLEy €A befpas el I o Yae e ¢

hori zont al IFﬁ@PBEFFBdSidFBrSEQQ I@ ?br°aefh@?ézeﬁhﬁla}iahg@ﬁéh@d the 20

1-H delay1@Ieaea&adaeeaadbaﬁdaéeséeptaseé bylsyeaeeéﬁpébﬁtedeiaaothe

respective |g£ut f ﬂnals by one field period (1.e., 263H). For a franme
conb arrange B°respective signals are del ayed by one frame period
(i. 525H). 25 In thétemsodbhnedtt descthbbelli hetellrl aydesieoent i20 has a

EZ‘?;’BSP?JS; RaguBE R e  SREaRERD  ChoRIBahORaEREY, AonPRRI PETTRERSTT . o
t he ot her haadignaheBsandntiheecbapdpaesedt ondehdglaypdsconpasitegvidéoto 4. 2
30 MHz) t*ﬂé‘tsﬁgﬁafaﬁs Lpg ggeﬁp §f§geanss eﬁéausﬂisemf'malg@&&agna'

My It néan i nexpensive conf |gura ron nay be
used for the(ideohy HEPa?eépéﬁﬁﬁYequlﬁYse&eWPQtstﬁ@ anes24¢el ay el enent

20. The threﬂlbeﬁﬁae§§?q shenal gebesihnads(B- Bnd MicR&y Nge @ergyéelgl ayed and
tw ce- delaye Slﬁy suitable integral number of horizontal line
. periods. For example, for a field comb arrangement, the
20 1-H delay elements 20 and 24 are replaced by elements that
delay the respective input signals by one field period
(i.e., 263H). For a frame comb arrangement, the
- respective signals are delayed by one frame period (i.e.,
525H). ' -
25 _ It is noted that the first delay element 20 has a
passband (e.g., O to'a.z MHz) that allows the incoming
_ non-bandpassed composite video signal B to pass through
- without significant distortion. On the other hand,;the _
second delay element 24 has a passband (e.g., 1 to 4.2
30 MHz) that can pass the bandpassed once-delayed composite
video signal Mb.f.It means that g simpler, relatively
~inexpensive configuration may be used for the second delay
. element 24, vis-a-vis. the first delay element 20.
| | ' The three bandpassed signals B, Mb'and T
35 (i.e., incoming, once-delayed and twice-delayed signals,
respectively) are coupled to a control_signallgenerating
eircuit 26. The circuit 26 develops a signal K that
controls the relative'mixing of the three bandpassed



respectively) are coupled to a control signal generating circuit 26. The
circuit 26 devel ops a signal K that contrgl.s ‘'the relative 'm xing of the

t hree bandpassed - 8- n t hat he cont am atlon of =t he ~
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combi ni ng ciopewati2® alfothewcontriod Sﬂgeelb@n@pag§éogscgmabét[eﬁrpill The
conbi ni ng Cb@cwe%c%%eaeaaoe%ugltqnt E%ngmﬂlc@qo%ow i1t ij%uﬁtg'ia' K,

generates®t he separated | uma and chromg thé ‘manner
described in detail ABPeNRPePERIPBSTRE 86ﬁﬁrﬁﬁﬂgyéﬂr@@WPOQQtGONﬁﬁP§es a

m xi ng Ci rClslignéQ Maligo clenpiedatoaa” &efnbmwmgcfei)rcuatswet Eaa@hgr wizh a

di vider 34 Qt he tracter The m xin r Ois coupled
to receive ?ﬁg 3§ﬁgﬁa§§8§%aﬁééﬁlﬁéggﬁ&s %bcquel bConggglte vi deo '
signal s [ er chmbRedpgneiiveutid t2lisg eesbbobisegmaltﬁe hﬁ&iﬁgxbbthbﬂCUIt 30

devel ops, a ygighteq baadrasted (Eﬂ?pgﬁ%:%?a‘é'e%e(iuﬁu'ag ARy, chroha330Radl

[err] bt racte
wei ght ed” corfp@sidt &, vildedhsi gaanevh desemibied ﬁan@pégéddhcﬁcénbeﬂayed

conposi te video S'9”%%e[%%hbiHQnﬁe%QE%Bi%n2%“%%%&:&%%@35’MWQH%B i s divided

by a factor of 2t enerate a nornalized chrona §1 See

EQUATI ON 1. Cﬁr?Hétsé@bﬁ 1sQpknmne@s38 S'$9taswd tihdhhst Be SHBtIBE}@5assed
once- del aye@zt;orap@silvti@e\tl G@0 adidganlo tMetrhg ubdrdRaszed aihr ame miigaalg [err] to

orduce 48 AT 30 HIRATHIIR, hed iR (R binAl ek kel IncBRIR o T
frequenci es aind ttivd cehderla yeldacompotsd te vddepe sﬁ@emdsn@beMMIa%out 3.1to
4.1 Mz (1. &esp3PWUle to the control signal K, the mixing circuit 30
develops a weighted bandpassed composite video signal
. Wy, where | |
20 wb = K. Tb + (1-K). B - ' : ee.(3)
The subtracter 32 subtracts the weighted
composite video signal W, from the bandpassed
once-delayed composite video signal M51t° develop an
output signal, which is divided by a factor of 2 to
25 generate a normalized chroma signal Cb' (See EQUATION
1.) ' 3 o
The second subtracter 36 subtracts from the .
non-bandpassed once-delayed composite video signal M the o
bandpassed chroma signal Cb to produce:the5separated
30 luma signal Y. (See EQUATION 2.) The combed chroma
signal ¢ is applied to a third bandpass filter 38 to
further limit the frequencies in the'chroma channel to a
range extending from about 3.1 to 4.1 MHz (i e., about
3.58 + 0.5 MHz). -Digital-to-analog (D/A) converters 40
35 and 42, respon51ve to the clock signal SCS translate the
digital luma and chroma signals into their analog
counterparts for further processing
It is noted from EQUATION 2 that the separated



3.58 + 0.5 MHz). Digital-to- analog (DA converters 40 35 and 42,
responsive to the clock signal transd®t e the digital lum and chroma

signals into 0 r f d -
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represents atheveéebam Yjﬁhba'ai@'éﬁ borthendi bferenteshenab RaEISti nes, which

are t db
263Hseggg‘a e y an 'n?ﬁ&@fiﬂé’ﬂ&?&sOuna'@flimgathéIglenmw@lrs ¢f. the 1H,

an Interljine co e pr. separatin
the | uma andméhiﬁﬂacgnﬁh%}ss¥g%ﬁh ﬁo"f%%r?etﬁgrﬁﬁr%égf?ﬁéggaYbéwhrge . g.
?Pffgfs'Ve thF%ﬁ@ﬁ?% fbnf§cunssne anags. flEhd attuah ebhtrenit efar conb
is use e three |i are s a at rjizo lines. In an
interframe cBRBI PFF?@rgh?hﬁgfi?gec?" gL af gg% ﬁgf esz]%@%&lzontal
lines. 25 describedheitvhdeefsregnat ts IEauﬁEaE a sinusoi d to represent

the relative phase of cgoahEOfRy 3hgDabn( 0l aduBgE FhEN! BEaboMfr et neen

lings. TP signal is a3sune he chroma
subcarrier- rpoetiond eEpthseat horjzonhapl 1hgepoi Nhicheargnaeearated. by o

+, 30 etc. The iﬁkepPartﬁuﬂgétgaﬁtﬁofaaehtag nmﬁéaa&§1aastMe eo$lnHve and
negatlve phase excursions o nts esl. gnate

he.chroma si
sanpllng poi A63Hat 5RAH, z€E6-2r0sEfn@s. 1 ”FﬁﬁéséF CPHB 692§ﬁﬁliﬁg poi nts do
not - ‘employed for separating the luma and chroma signals Y and

20 Cb, the three lines are three successive horizontal
"'lines in one image field. If an interfield comb filter is
used the three lines are separated by 263 horizontal
lines. In an interframe comb filter, the three lines are
separated by 525 horizontal lines. '

25 - The video signal is drawn as a sinusoid to
represent the relative phase of a chroma'signal (of a
barticﬁlar color) between lines. The signal is assumed to

k,/ _ be sampled at four times the chroma subcarrier rate with
_ representative sampling points designated +, 0, -, 0, +,
.-30 etc.  The (+) points designate sampling instants at the
positive and negative phase excursions of the chroma
signal. The.o-pdints designate sampling points at the
zero cfossings. However, the 0 sampling points do not
necessarily have zero values since the composite video -

85 signal is the sum of chroma and luma signals. Nor is it
necessary that sampling be performed at the phases shown.
FIGURE 5 corresponds to FIGURE 4 with the waveforms
eliminated for purposes of clarity. In both FIGURES 4 and



necessarily have zero val ues since the canposite video 35 signél I's the sum
of chroma and luma signals. Nor is it necessary that sanpling be perforned
at the phases shown. FlI GURE 5 corresponds-lm.FI GURE 4 vvi t h 't he wavefornms
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A second paJGbcﬁSannmmmlebﬂly dlsposed cross differences [err] is _..
determned simlarly fy estimation of how much weight is to be given
to the pixels from each of the lines is determined by a
'comparison process. This is done by calculating a first
90 pair of cross diffgrences CDi_énd CDz'using a set of
four pixels (i.e., pixels j,y and 1,w) from the two lines
defined by the béndpaséed undelayed and once-delayed video
signais Bb and Mb' The pixel pairs j,y and ;,w havg
like sampling phases (e.g., both positive or negative
25 phases with respect to the color subcarrier) and are
disposed symmetrically on the opp051te sides (i.e., left
and right) of the pixel of interest (i.e., k). EQUATIONS k;i
for CD, and 002 are: | _ e
, ' i CDI =j -y | | «es(8)
30 L o, =1-w 3 .o (5)
_ A second pair of symmetrical}y-disposed Cross
differences CD and CD is determined similarly by
- using another set of four pixels (i.e., 1,b and j,d) from
the two lines formed by the bandpassed once-delayed and
35 twice-delayed video signals Mb and Tb’ resoectively
EQUATIONS for . CD3 and CD are: _ |
Cb; = j -d _' «es(6)
1 b :

C-Da = ..(7). _

1



-

using anot her set of four pixels (i.e., I,b and j,d) fromthe two |ines

formed -by the bandpdssed once- del ayed and

Ferr],”
s;

contrm

respectively. EQUATIONS for CD and are: 3 4 [err] =]

{ern]
sign

= 1-b To calculate the: contrcl(ﬁ@gnal'ﬂx(ﬁﬁenﬂﬁsmiuﬂua

atied Nor 50 YRS OF TR 19t AR G 0%

differences [err
bet ween t he t&,

and [err] are the maxi mum Val ue [err]

i&reddaiiringd, ang the maximun vglare [MAX; between

(8) SHnHNIWh@mﬁ&qsmmqamny%me[nmg Is conputed as follows: [err
MAX. [err]

determ

bot h equal

ned 8q

t hen quantiz

digital

as indi cated above. 2MAX, = MAX. ThiCDy ki ﬂdJD:

contro

e trol signal quotient i
10 fromtmﬁfjcﬁlqﬁ%rmf &@D r] (10) [err] If qer

to zero, tr&’mﬂﬁarl)[;erarr]otha- smxmunalvamellmxx hiss quot i ent

éﬁﬁﬂﬂ@ec??'aﬂ Féﬁm levels (i.e., 32 steps) td define the

S1 gnhal 1ed to the nrxrn% circuit or soft swtch 3

tuit 30 is so arrangedX

line T >>>

romt

. the larger the COmTO'Trﬁ}"]gﬂ)"r’rt#ﬂ:i hey gHh u&ﬂ'ﬁe‘er\’iﬁ l@htiQ'd’@ﬂ?fnﬂﬁ&ﬁ pi xe

fromthe top
line [err]10w fTometha v@#%%%r%"ﬁ“}ne and the pixel x fromthe bottom
line. 25 [err] will be grven the wei gmxof zero. At the other extrene, if

[err]

t he pi

e Qi xel e top

: , xel ¢ wll %he wei o zero and the pixel x will b
t he wei ght of one. Because tdie eéTlnaflon Stgnal is determned with
reference to two groups of four mxg)les\dﬂeeé:h (e.qg.,

—

15

If MAX, and MAX, are both equal to zero, then . -
Kq is set equal to 1/2. ; -
~ The quotient Kq is then quantized into 33

different levels (i.e., 32 steps) to define the digital

20

25

30

control signal K applied to the mixing circuit or soft
switch 30, as indicated above. _

The mixing circuit 30 is so arranged that the
larger the control signal K the higher the weight given to
theepixel'c from the top line Tb. Thus, if MAX,
MAX,, the pixel c from the top line Tp will be given
the weight of one and the pixel x from the bottom line
will be given the weight of zero. At the other
o+ the pixel c will be the
weight of zeroc and the pixel x will be given the weight of
one.

3>

B
b _
extreme, if MAX, <<< MAX

Because the estimation signal is determined with
reference to two groups of four samples each (e.g.,
j,y,l w and j,d,1l,b), its sensitivity to noise is reduced

with respect to a two sample estimate. Conversely, it is

35

more sensitive to the occurrence of diagonal images, and,
therefore, it produces more desirable responses along
reproduced diagonal lines.

The operation of the control signal generating
circuif 26 will now be explained in conjunction with
FIGURE 3. A first set of pixels y, 1 and d representative

of the signals Bys My and T, respectively appear at

tw ce-del ayed video signals

- d

] =
S
ar e
Kis
0,

hat
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Jy,I,wand j,d,|,b), its sensitivity to noise is reduced wth respect to a
two sanple estimate. Conversely, it is nnég-sensitive to the oceurrence of.
di agonal inmmges, and, ‘therefore, it prodic&S nore desirable responses alFong
35 reprodychedlagobaternheslsTEe,opErahdosaobftbbacomtcoﬁtsggﬂalThe ;d
generating 6 | kon bg,e a n C FI GURE

A first setEE?ﬁthlg GHA &2 Qﬁbdgﬁeégésgﬁﬁg%kgeegfkﬁﬁ £é$§ﬁ§$g err]
respectlvel9°aﬁﬁé§i°a§ Yt FIGURE. @he Anpecondraehab§ pdxeds wpdj6dndf the
circuit 26.p F@Eré@éﬁtﬂﬁi$e69f §2p999166e§59eeoveksﬂohg g?etﬁESPeCt'Ve

‘connections_in ond set of _pixe répresentative -

of 2-pixef ﬁ%?ﬁ?@g%%5r§t8ﬂéiﬁf pheMp ?ngégtFPBeﬂFgﬁglﬁh?err] appear at the .
gztpg%s oL obtpsesoofl thalsetodelagpﬁkemeﬂésaZZ?IZﬁeﬁﬂé QQer?Fb%ﬁacgerfe?E] '
s i sg . di -
-W) , ?grrﬁé(J-§§H§ﬁ%gf%$§]5?1p§§ ¥ﬁe ﬁ EecFﬁigug?g Féﬁces 1% %err] are
applled to Thepertivetcroesedi ffozenods 08, ald-93, toogetennbne t heir
respective ahsokyLg)Vahdeeo, be-sgrcuwﬁeets n&fté92 B %QAC upled to

. receive the r spectlve pai ré sol ute va det erm ne
the two MXxFBum Btuegoym&ﬂdaﬁaahﬂxz a@plbedotg herejreufdX. [err]

(11) N@%émenﬁﬁv@z[e9a] 96 and 98 to determiﬁéZLhEiﬁ“rEQHSEt%@@ adds
ues, MAX 20 and MAX to formthe denom nator o

the two maxmun%vg?I
quotient [eRPFOIUTREVILY®R: [err] (which defines the nunerator of the
quotient [err] and The eumm@strélemenbessed ahdough eegpeedi ¥ | owpass

25 functi ot S0P HAE FEaPhELTe biT PR SRR LER L0RDES: dantlonl “hnaTs

gi ven bylsh l+mﬂ|@mﬂnbﬂ£§i¥ﬂ1tﬁbl determine the two maximum values U
MAX, and MAX2 as follows: _ R
 MAX; = MAX. (|J-y], 1-w]) o ...(11)
MAX, = MAX. (|J-d|, |1-b]) : ... (12)

o An adder 106 adds the two maximum values MAX
20 and MAX, to form the denominator of the quotient K_.
The value MAXl (which defines the numerator of the

quotient Kq) and the sum MAX; + Msz'are passed
through respective lowpass filters 106 and 108 to
eliminate high frequency variations. The'transfer
25 function TF for the two lcwpass filters 106 and 108 is
identical and is given by the following EQUATION:
= /8 (142 LaszdHa.zd, CL.am
where Z'l 272 ang 27> represent one, two and three \"'
pixel delays and Z is the conventional Z-transform
30 variable.

1

The outputs of the two'lpwpass filterszlos'and
108 are applied to a divider 110, which develops the
quotient Kq ' This gquotient Kq is then quantized into
33 different levels (32 steps) and made available as the

35 control signal K at an output termlnal ‘112 for application
to the soft switch 30. .

" FIGURE 6 is a schematic block diagram
representation of the mixing circuit 30. The output



TF = 1/8 [err] ...(13) where [err] represent one, two and three pixel

del ays-and Z is' the conventional Z-transf 30 variable. The outputs of
the twb | owpass filters 106 and 108 are applied to a divider 110, which
devel dps the ﬁ#eﬁéemf gdesubtractien sl2@iots enul tdplbed thernthpiafedtzed i nto 33 -
different |ey 2 d de- | ¢ | gnal K
at. an out-put t‘?ef?n' a:’aTéjiﬁg_&}jé?ﬂalpp 'icgiﬁ/g#'tt?% &?s%%%%%%%uﬁﬁ% 6
is a schemati$ bl b¥K-ByagehnthegPekhRiennl 27 wikh nthe ianakBy 30. The
output  -13tglpt8diite Othe welbghesd oF ided éfgrﬁ'é’itwl£'|é190brbYOdﬁ]ﬁJifaCt or Kin
a multiplier 122..An agggr %§4 combi nes t he out put . [err] of the

mul tiplier ®12585PiRaL nk2€) gMABT¥2rr] to produce the weighted video signal
[err] at an output 5 te nin&LT$26,(th)eB [err] ' «..(14)

(14) The weighted y doPe putibgh VYaco Lbbtge 0 14 ot dice D lpag Seo
once-del ayed vi deo signal |er and e resultirngp signal 1's divide y a
factor of 2 tbherbandeassed hendardplayed videonslgrahat, Cond theviously

descri bed. (Sﬁssﬁwﬁggr\r&sén%gb%iﬁ@f&@&eﬂga@drﬂ@é f 2PPES A5l Se

applicable to PAL s ) ey enc et ween t f NTSC system and PAL
systemis %%aﬁh?h%a¥?3%§s%¢"QWERmFt§JQQ?ﬁdﬁpi%%dpﬁEW QHEhe PAL systemto
gener at e conbges et dH@d s nusée begesPRORtEd) an integral nultiple of two
lines. For a line co filter, the appropriate video signal |i | oyed
in the PAL systen1arenP?ﬁeg£ﬁgk?s gdﬂﬁgdigéimﬁgt$%p?53€%€ﬁﬂ% %#gfﬁﬁﬁgﬁ% g
term"cross 20odPALespstetsis Te¢idbfifesente wetfveermnthe (NTSC,sys¥gmbet ween
di agonal | y sepz : ssfe b @D f pffe v L AES
(epg., Ii%e f@ér Rge§g€g%@di%ytg%ti?&%@?%ﬁé%u%ﬁgig %&gﬁ?qiibééﬁﬁ?ééﬁzdnta
liRes, and&di spotke BALts¥sbpPoke teererrEe ofonhed sabgnalermust dpest

separated an integral multiple of -two lines. For a line
comb filter, the appropriate video signal lines employed
in the PAL system are lines n-2, n and n+2.
In the-folloﬁing claims the term "cross

20 difference" is defined as the difference (e.g., j-y)
between diagonally separated samples (e.g., j and y) from
different yideo lines (e;g., line Mb and Bb) separated
by an integral number (e.g., lH) of horizontal lines, and
‘disposed on the opposite sides of the sample of. interest

25 (e.g., k). The samples (e.g., J and y) from which the
-cross difference (e.g., CDl) is developed are disposed
on either side (i.e., left and right) of the pixel (e.g.,
k) for which separated lﬁma and chroma signals Y and C are
currently being developed. _ |

30 : While a particular embodiment of the present
invention has been shown and described in detail,
adaptations and modifications will be apparent to one
skilled in the art.

85



25 (e.g., k). ‘The sanples (e.g., j and y) fromwhich the cross difference

(e.q., [err]) I s devel oped are dlspoééd on either side (i:e., teft and :
right) of the pixel (e.g., k) for which separated |uma and chyoma signats Y f
and C are cwmsntly bei ng devel oped. 30 - "Wiile a particular

enbodi nent~oT T he presen& |nveRh|on ?S g ﬁn shown and dSscrlbed I n detéﬂ
adapt ations and moditi catlofis® bEL8NPS1aR: SYStBReSURIPFEAtPn the art. |
35 - 14-retépbBonlof &n dncolmdngt ebeposiite sigeersighaecB to reception of

o "BoReTReThGpY! F818d"anR1ca oERLLROng SUhEhEBRODRTY B3 tn
vi deo 5|gnalsaaolhgggcieﬁkhsﬁlzeﬁt§E5h|neidcanmpngitseqmdnoyspenap and

bei ng 'nC'H§V!ﬁg°biaehuﬁbQQEBEtEQ”HQREHEanﬁ&HgafEEQUEﬁE d(?upcarr'er
chrom nance corrponeniB aring._an yp ﬁr regi.on of deoH equency

“spectrum i A4 PRARBe 91PﬁF¥PI 5Véd1P@ EPPSRSHPB°°BH"§pﬂaFa9u§ for
separat|ngmeaumateoleaoceraodrcbhcomﬂaanceYcandoSeot casHa@@AROaNt e Vi deo

| t d
3 Snal G TBbbBEO%RelRR BrothBl FidkR, ERBNRCI sBeLREOEL AR goTOS LS v I
once- delayédeqoaposlﬁeterdeavedgmaﬂapﬁoasbépdpaosadpama&osngoconpos|te

vi deo S'Q”QE é?ét% said ﬁihﬂﬂégaﬁﬁ%d RRomidgha%ey gﬂﬁpﬁsb¥e %i%eo
si gnal . ﬁ aﬁd asse tw.ce 3 conposite video S|gnaF sai d
separat|ngcappaﬁétasVéﬁapaéﬁgﬂﬁieéoﬂPr1ﬁéa§s coupl ed to receive said

bandpassed 'nCO”1ngméEHSOESQpQQHaXQdr@%@ﬂ@%‘ESiH'gﬁ@cma Eab%mb%e&ktor
err bet ween pal rs

det er m ni ng fir f cross, di.fferences._[err
of di agonaVi aege5398§2dgd?§Ft groducing tRe®Fo11 iLg als:
a non-bandpassed once-delayed composite \_) -
video signal My _ )
() a bandpassed incoming composite video signal
o Bb’ | _ .
® a bandpassed once-delayed composite video
" signal. My and ' |
] a bandpassed twice-delayed composite video
signal Tb’

said separating apparatus characterized by:

means coupled to receive said bandpassed incoming
and once-delayed composite video signals Bb and_Mb for
determining a first pair of cross differences-CDl and
CD2 between pairs of diagonally separated digital
samples having like sampling phases and being
symmetrically disposed on the opposite sides of a sample
of interest
means coupled to receive said bandpassed
:once-deiayed and twicefdelayed composite video signals
M, and T for determining a second pair of cross
differences C03 and CDA between pairs of diagonally
separated samples having like sampling phases and being
symmetrically disposed on the opposite sides of said
sample of interest; and . |

means coupled to receive said first pair of cross

differences CDl and c02 for determining their
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respective absolute values ICDll and



sanpl es having |ike sanpling phases and being symretrically disposed on the
qpposi te sides of a sanple of intérest; nmeans coupled to receive said

bandpgfsed once- delayed and tw ce- delayedlgpnposite video signals M and T
for determning a second pair of cross b b differences [err] between
pairs of diagonally smp@natedugdeﬂlés racedgel siad dsabpsbilpgepkaiessand being -

symetri call apgggd h%fOBEQ?'¥§{§Ed§§igfo?abgo§§”ple of interest;

and nmeans colpld ceﬁv f "croSs differences [err] for
det er mi ni ng GH&ifETEBEESECCPye 28Hs 6Pyt €°Waﬁﬁé§rpéﬂﬁpg ‘thei1maximums coupled to

receive saldag@@QbmbevgabgeﬂA rmheego$ald first pair of cross differences
[err] for determ ning valuggN%X1 t here neans

coupl ed to receive sapﬁagécﬁﬁﬂpggpr%efre §§edFP r 8RCA8 [EPSF of or
det er mi ni ng cireiss u&fﬁe¢Encesan9%Lahd ¢al u¢sr| detbrmindng thepred to

recei ve said % d;s r, of cross '

di fferences f@gﬁ%cgage 3 é?EP%In }Hggnggb RgngQm 'val ue [err] thereof;

means for produ0|ng amsagﬁaponpﬂcdc&ntropeﬁhe seﬁdtabeO&UXEngaéﬂeSald

bandpassed c @gos dVLégolsbgnngd[éf ngy Q&E Wn?rggg of sai d maxi mum
r ere

absol ute val es3[err e sum [ er err and conbini ng nmeans
coupl ed to r8é§|@€e§§ﬁé 8- BARdSRgsEarofeteamingag $bRPAIXEBUR deo si gnal

M and said bab@bagaedvhng@nnmg Qneeedelayed and twnce del ayed conposite
video signals [err] and resgpn |ve t Q,sai qntrg naI K fgr eneratlng
r %

at | east one separat eB€88fpdRENPTOAYRANS 2 S gapt € aim1

wherein saidrelative mixing of said bandpassed composite video signals_
W B,» M, and T, by dividing one of said maximum '
absolute values MAxl and Msz'by the sum (MAX
MAX., ) thereof; and _
combining means coupled to receive said
non-bandpassed onte-delayed composite video signal M and
said bandpaesed incoming, once-delayed and twice-delayed
composite video signals Bs, M, and Tb and responsive
to said control signal K for generating at least one
'separated component signal
2. Apparatus defined in Claim 1 wherein said
combining means comprises:
mixing means coupled to receive said bandpassed
incoming and twice-delayed composite video signals By
N~ - and T, and responsive to said control signal K for
producing a bandpassed weighted composite video signal
Wb, where

1 +

b-K (T )+(1 K). (B ); and
.means for subtractively combining said bandoassed
oncefdelayed composite video signal Mb and seid - '
bandpassed weighted composite vioeo signal wb for
generating a bandpassed chrominance component
representative signal 2c,, where:
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combi ni ng nmeans conprises: nxing means coupled to receive said bandpassed
i ncom ng and twi ce-del ayed conposite video signals [err] and [err] and
responsive to said control signal K for pigdu0|ng a bandpassed wei ght ed=..
conpasite video signal or subtractively ‘e

a
conbi ni ng said bandpéssedAaﬁéEa&HFaggg %Hpéglnzaémdéo ¥hgrgin[ &8RP and
sai d bandpagsmtin¢hghnednsofpeshee ihdtodesgmeany ffor Uig&uehgtths

o Pgeoe L P % e R R AP e RS BhBbui End. FRBhs! BB ﬁéaas[?rfl
further incbfidésonbangeheratevadnagmahdzedt phrosfingace samooaenmvely

conblnlng SabYca. factor of two to generate a nornmalized chrom nance .

conmponent S|g§aF [ebr Appar atus defined in Caim3 wherein said
conbi ni.ng nmeans addlékonaﬁp9aFﬁ§H§d8§fﬁBSHs1F0P1§éﬂtBacﬂh#éﬁ}"céﬁﬁﬂnlng

Ealg non- 3aaﬁma§ﬁ@ﬁlgomeandehauqdigﬁamyl iAcYudes ﬁ.'egnel f%and sai d -
an asse C ce.,co 0 err e sa e Co onen
v ey SORRTapRive 150 dRRB Rtoosnl o BPRCERRARAsRES GRCRANEL TR
chronlnancecomupemgat91d§oasdgnpdthenuldeddsbgndbassehstambmahbncas
her ei nbef or SoHSBSEh‘Be?}b‘“‘tBh gefb?a%8CEala 10R1RGRREPRNHARRTAY NTS.
where ' :
Y =M-Cp.

'_'5. Apparatus for separating lumlnance and
chrominance components of a composite video signal,
substantially as hereinbefore described with reference.
to the accompanying drawings. | - '
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