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conb fil t% h ﬂim essing video signals. 5 In processing video signals,
it is kn tlcul arly advant ageous to separate ' ce and
chrom na Ml s fromconposite video signal wt h@@W‘#H}Z@Q?s The
reason bei ng*apeX* t he separated | um nance .'conponent is of full bandw dth,
e.g., 4.2 MHz for NISC signal) and dross 10 conponents are substantially
elimnated fromboth of the separated ,|um nance and chrom nance

conponents. Typical intrafranmevIned doMB AIELTERr NTSC vi deo signal s include
circuitry for conbining 5|gnals whi ch are displaced in tinme by an odd

integral nunber of horg nfrﬂjcnhbﬂelso?éla% -to BESRAYS Eil{ehe fgpa?%cggsut,ge 15

chrom nance subcai i er changes exactly 180 fromline to
additively cY)‘ﬁ’ﬁPnﬂfleal{H'SC Vi deo SI gnal s di spl aced by one line interval
produces 5a signal in vlinl pfbddmngumdwnsxgnamumnenksowfvnom tbee two |ines

constructi velil)%/m(t;:ﬁl Egogpr&)m racfl \E/quq'ﬁﬁﬂ hée C el | ed.

Conver sel y, y. ,CO ,| nef | um nance
conmponent |s°lHQﬂb‘élP~P€%l WfﬂP@Mﬂfé ftom COMmRARSite origeR e ftEnal r With BeMYo | i nes

constructi vemgcmnbme réréc@nvgéing:achat ahe! sépagaedS limnéndnesi ve: ﬁennponent
S conproms 14S apl e 0 ave a
chrom nance § %Pgtt%c%%%ﬁe‘iﬁ ?gh Aé‘i%ﬁ 38?’%'8@ shgxgal tcafqg %Oevery t wo
hori zontld} |¢emeppaensdare Thersedrsially telpminaied nirpaf rkoth PALtheonb filters
conbi ne vi de&p&'rﬂl%a' auwﬁh&kh@r@ddlaﬂbﬂﬁﬁﬁxddﬁ ddnmaoxtam&wo icgont al

i nterval s. RAL canb tier ffungﬁr bask cal.l vy. re same as faor the
NTSC corb 1 AL HBRAGaRp GIEES TR NLRG, ARSK pitals tingii swsrlﬂsa B
spatial |y dieghbhtrddgbyignats whick) anehdispdacddcah timeebyl ani odd dntagral PAL

Lum nance copp@Bentiof hotiz@fidl! Hﬂé‘tbéhd)cm)a' Bé&éhusgNehe ‘i)ﬂ%e thtWﬁfedS not being
accept aﬁli YOShI m tsu titlhed "I rrproverrent

of Pict giom Mr}dﬁ’ﬂ c%ﬁﬂg%?smérﬁg‘aﬁyy 3ig6 PFhIh %ﬁell

Pr ocessi ng" addiEiEelly mnbmmﬁiwsmmmqmgﬁleodmphce , byvodne 31, No. 4,
Nov. 1989) pﬁrte:%? @1‘%&&%%%' g%nﬁﬂ%t Mﬁcﬁofﬁ% flhhﬁﬁiﬁcc"%b Giakd ne sanpl es

fromthree S ces e li ,es o) deo. si ste the NTSC
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al i gned) SI rrccbtapohentt he aﬁmeﬂd@scﬂdmdrﬁdw mlth&ﬂmasdaxﬁAL conb filters.
The PAL o] | DY rom

adj acent ngism i ‘?E\éghtﬁgggrggezr@gﬁgﬁg%er ﬁbbﬁggpresg?ﬁfalg? of the

| um nance coﬁ’ﬁé]ﬁerﬁ ° ¢lromiaange nePmppBeRts: Eramt ther §Wogdingsi ng t he vi deo

si gnal s but teﬁdsudtbvﬁgveoﬁibm&iverm_e aketticdl oesolurgrsof ahealuthimgneerti cal
lines. Sinplg,f 'ZSJﬂeB{ P geﬁﬁn@%ﬂué&i Bt leu&%fg[%é conmponents_in the

separated lumn nce m nance Si ere di fferences exist in
t he conposite signal IPA&L {4813 Pleonl‘thﬁl ethesohangd Wvér?h’f%’t“a&%h Cross

]golrrponerw eybdaerier owhicle aitibics edutgOP phadsbechimgeeevesy @d@pt i ve comb
4, 786, 969 1 SUBAORE ViRBCPRHRHE. q‘@ﬁ%ﬁfﬁerﬁﬁﬁmﬁﬂiﬁﬁ‘*ﬁg&&“§9m.%§‘$2é to
filters combine video signals which are displaced in time by two
horizontal intervals. The PAL comb filter function is basically the
same as for the NTSC comb filter however, since the signals that
30 are combined are spatially displaced by two lines, the vertical
resolution of the PAL luminance component is significantly
impaired, and tends towards not being acceptable.
Yoshimitsu Nakajima et al in an article entitled
“Improvement of Picture Quality for NTSC and PAL Systems by
35 Digital Signal Processing”, IEEE Transactions on Consumer
Electronics, Vol. CE-31, No. 4, Nov. 1989, pp. 642-654 describe
adaptive comb filters which combine samples from three
successive lines of video signal. In this system, the NTSC
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15 Stratton. In adaptive systens) signals froma plurality of adjacent
| ines are provided. These signals are conpared to determ ne which signals)

when conbined to provide a conb filter output) will tend t ce the
JOBREHP,

nost desirable signal. In order to realize econon es of e 20
manuf acture of video signal processing conmponents it is advantageous to
produce multistandard processing el nts whi ch are useful for, e.g., NISC
arid PAL signal systens. To this en is desirable to have a

rrultlstandar%gb ”R:cmlé&ﬁm@@' 95@?“}5'\'\%‘3%5 eetvﬁ'dcaw ynngh?@ St at es Pat ent

No. 4,727,4 escrl bé"an stan Ilter system

In this sysstumiarde theeaforedescribed Wéc SG 1angy Aﬂapﬁq | §lterS i nes
conposi te ViTgeo Pa&anpém%oﬁnaamadioamr& J:meﬁ\ssf dvagealBi gidignedt 0 produce

T Tter adapthig Seiih: AOACER, HABE: o TIHEASRE Go bleseble fhk PBREA! by vo
hori zont 3l Wm!gupo pfodméumm@t sompaneahc sedurPsc MYRPHANCce conponent s.

As such, inréf@r&ibni¥P86r delffifig 'ﬁleavﬁdlﬁﬁ s@ nM?rBlth@éndseW' HaveOhn This
t owar,d CII‘CUI'[I‘ i ng control signals for

invention is rect§d
an adaptive ﬂﬁf’{ fGLAP 2HIAsCS %oqtp 3&'?1“@!‘ ates alternative conb
filtered signals repr8iaple egmb [fdtarscwhdr tmantmdncalcmsme from vi deo

si gnal Sa”p|c%§nﬂ<ﬁﬂh?§ SRl tRY &parfied! ll{rh{n%?'l):esﬁﬁ&néhﬁf}ﬁldaliibédS1%ﬁlsz ont al

i nes fi r Cl r neans, denerates a rst sanpl es
T onf 0 (7HSTE SOt iErRGeSe SHIF R (155 FomPasiisosianal Gneaddfe. pliris | ¢y of
sanpl e suns kinown,showeser,oticatasuch iross lompenenss thamebc sigdifieanslyat es a
first pluralpdysdf b g tfer ‘%g&?ﬁ% of a%l b?scé{:{@”ﬁ&éhﬂ ”;23& ds sgrcond
hori zontal |i1,nes and sec ural it e § rom said
second and t34APHVEK9BR HFTSI m?é'sbeA%’é’@oh%l Eis EF‘F“ %é@it es said
control si grisduederpdfecNeelyt et ahi and iU.St Rments Boont{808/54d| issued tof sanpl e
Sums i ny gai ;&dt&ﬁ{ ”ﬁ{’eadagﬁf@ ?{ﬁéﬁée%@ﬂég ﬁﬁﬂx”‘)'pléﬂagi fofea%! frve to

i

ones of sai g, suns of uralifitires e suns and

ones of sai d'iSf REt dﬁ@&’sd%‘f s'gh%ﬁ"f SHEna %r?des%@%f‘iﬁ ﬁ?aﬂ?‘ﬁ"@é‘“‘of
di ff er ences wiiichasignakc owlenoctenbined to ]Jrovxde al sombc filkanoetpno, Wil first

aspect of trl@nd r%eg%g&cf ttngr&okﬁé%rsﬁ'\ﬁéﬁ %té‘ﬂ% 12 mul ti mode conb filtering

vi deo S|gnals correspon andar ds,
In order to realize economies of scale in the

20 manufacture of video signal processing components it is
advantageous to produce multistandard processing elements
which are useful for, e.g.,, NTSC and PAL signal systems. To this
end it is desirable to have a multistandard comb filter. Shinichi
Nakagawa et al. in United States Patent No. 4,727,415 describe an

25 adaptive multistandard comb filter system. In this system, for
the NTSC mode, the comb filter adaptively combines composite
video samples from adjacent lines of video signal, to produce
separated luminance and chrominance components. In the PAL
mode, the comb filter adaptively combines composite video

30 samples displaced by two horizontal lines to produce separate
luminance and chrominance components. As such, in the PAL
mode, there is a loss of vertical resolution.

This invention is directed toward circuitry for
generating control signals for an adaptive multistandard comb

35 filter which generates alternative comb filtered signals
representing a particular horizontal line from video signal samples
representing at least first, second and third horizontal lines. A
first circuit means generates a first plurality of sums of samples




in fjrst and second nodes, said video signals including a chrom nance
corrp})nen,t-, and sai d appratus including sanpling neans for providing video
signal sanples the occurance of which are phase aligned zy@@rg ) nance’
subcarrier axis in the NTSC node and phase aligned a pré r? nunber
of degrees relative to the chrom nance subccarrier axis in the PAL node,
said appratus further including delBay neans for providing video sanples

“fromat least first, second. t ol i o i t | 4 dpl UFBIRGS
responsi velTPH éat‘grﬁrrsbla%c{]gﬁgwq ol?&éjie]onﬂe}rggtlﬁﬁg g+? e# @E@g plcuorrb filtered
signal s repf sample noumsifrogesaiti seeenditand thisd herizepp es@ppr at us for
?enerati ng%g,;:g,gwgogt fi?it ?l&'&i’i'ty C@r@ﬁbfédoﬁfdob)samples; from said first reans
or generating respecti,vé s of samples fr . con
hori zont al 24 moa%hmm@i?ﬁngmﬁdaaﬁacoqq‘iﬁﬂ@}f |é€)fﬁlngpﬁc%gs and for
gener at§ ngof GaRfEs Vieonh Shil secersd ainds alipd chorizamak diness iA stecand second
hori zontal |ines fr ' C Nd: ol hsivenicsald st and
- nmeans resp%}’fﬁl e“l%gg%ig%%@%gcﬁ%@e@ﬁ’n@ gﬁﬂsag LR or aen?grati ng said
control si gndlsecandapluralities ofpsampls Sumses iy FaiY, S8k 1986 '3Pds,; g
respective éHfﬁ_tésn@aﬂn%n&folSﬁgﬁaF gespnisiwe toli driesr eficsadd f sumyeoferat i ng sai d
control sl 52’1% first %%Icldscsceo%%%lﬁrr%ﬁ?ies of sample sums and ones of sdid '

10 differences of said first and second pluralities of differences in

caid second mode.

In accordance to the first aspect of the invention, there is provided in
a multimode comb filtering video signals corresponding to NTSC and PAL standards

in first and second modes, said video signals including a
chrominance component, and said apparatus including sampling

5 means for providing video signal samples the occurrence of which
are phase aligned to a chrominance subcarrier axis in the NTSC
mode and phase aligned a predetermined number of degrees
relative to the chrominance subcarrier axis in the PAL mode, said
apparatus further including delay ‘means for providing video

10 samples from at least first, second and third horizontal lines and
means responsive to a control signal for generating alternative
comb filtered signals representing said second horizontal line in
both modes, apparatus. for generating said control signal
characterized by:

15 means for generating respective sums of samples from
said first and second horizontal lines and from said second and
third horizontal lines, and for generating respective differences of

. samples from said first and second horizontal lines and from said
second and third horizontal lines; and

20 means responsive to said respective sums of samples
for generating said control signal in said first mode,' and-
responsive to ones of said respective sums -and ones: of said
respective differences for generating said control signal in said
second mode. '



- second horizontal line In

EQQZ H-bdWL t t M 17 MARCH 200.3 3a In accordance to the second aspect
of the invention, there is provided in a nultinode conb filtering video
signal s corresponding to NTSC and PAL standards in first{7anaAReRICZ003 nodes)
sai d video signals including ahrom nance conponent, and said apparat us

I ncludi ng sanpling 5 nmeans for providing video signal sanples the
oecunrence ~ of vsihich are phase aligned to a chrom nance subcarrier axis
in the NTSC node and phase alignedag predeterm ned nunber. of degrees
relative to the chrom nance subcarrier axis in the PAL node) said apparatus
further including delay neans for providing video 1o sanples fromat | east
first, second and third horizontal |ines and neans responsive to a control

signal for gener att g, kdgridiebity thef dind bbpers BFid!iLhion, tRB6GS BRidRA iR al d
both nodes, apparatus for generating said control
si gnal char ag&muitimede comy filtgringvideq signaleeoreesperding ta NESEandfAL stardasds

sanpl es repregent] i ' i I oL4 ' .o TOr providing

sanpl es representi ai It orizont a [ in sal i?st node, and for
B ohrdtsboddd hofl 4t AaeBOHERN Shelydifp g "o

provi di ng sanphrminaneengomponentmaddi §aid rapparatns Hneclpdinge samplingsai d

second rr?d;; &@_agggmdpamaﬁ%rﬁgeﬁnﬁgum t"qf“%l-%@' dw/:cdéean%aaaf@ts which |

representing sai | rst. an i r ortzontal fines ar. provi di sanpl es

representing 35 (E’hPFﬁr 15“(??% i%rﬁ &m??ifba"icﬁ gléﬁ)%arg_ i $AI5 ﬁoggﬁ C&gﬂgq or

provi di ng sanpicele andephase! glignein & predetermingdd niimber ofr degreeal 1ines in

sai d second ~rdIBfige to the §EHrOMIGRAEE FuBBaFE 2kis §RPEIS PAL! RiRIMafd

provi ded by said first ans.arld sarrpiejs from said secong, [ine), for .

brovi ding a f APRATSHS, Cutriies SRCINEFR delay) maansnitan, Prading igeo

conbi nati ggs sampkspéramngt tleagufisstofsepend sand thdrd iloarizdntakbllingsedndanpl es

from said Tir flesAQdreipRARTI96 208bRol isiERall ToP hendiafiie 3Refitfve 2N

corresponding to s% o) Aal r? of verti,carly, ali ge& anpl es_ fromgsaid

second and ~ ©HMby Hséerngog'cgﬂaq irﬁBE"s&PPBSné%idné R gﬂ ogtal pé?‘?'s"“ of

vertical |y al bottednedeyl apparaons sfurd génemmtingndaixk coonmtrdlorsigmait al |ines in

sai d second :gﬁgﬁgtcri}gdwggm 2003 3b second conbi ni ng neans, responsive to
sanpl es provide y sald sécond neans apd sanpl es from sai d,  second

hori zont a5l i ne) for pirHESUIRANE TRSRORSINA tPaspid, ifegasnplesonbi nat i ons L
sai d conbi nat represeingssuiddfizgt tands dhiied ohorizbhtalS lidlesy eok | privigingl | gned
samles f10m sitflee 265ty AR0  Ndid ARK QLB 168 1 53R il 'badiode
and corresponding to fTérentes Of pairs of vertically afigned sanpl'es
from said fir3pdafer gsevitingopamphnsalternatelyn tropn aaidgfivst Bndi thigd ences

‘of pairs of Vigepiigalhid skt@idednsdepl es fromsaid second and third
0T 20N 1ok O 151 SRldho SREANE G ARO05 SERPYIRLY SR 11
pturalities ofeRJERpRERE | saidafirst enghdhirdaborigonglolingsnfornproviding ude,
MAXI ) of thesamples representing said third horizontal line in said- first mode,
and for providing samples ailtcmately from said third and first
horizontal lines in said second mode;
25 first combining means, responsive to samples pr"bvided
by said first means and samples from said second line, for
providing a first plurality of first sample combinations , said
“combinations corresponding to sums of pairs of verticxlly aligned
- samples from said first and second horizontal lines in said first
30 mode, and corresponding to sums of pairs of vertically aligned
samples from said second and third horizontal lines alternating
with sums of pairs of vertically aligned samples from said first
and second horizontal lines in said second mode;



sanpl e conbi nation of pairs of sanples fromsaid first and second 15
hori zontal ~lincs having the | argest magnitude; neans responsive to said
second plurality of sanples in said first node and said Lir % econd
pluralities of sanples in~ said second noda for.providiﬂawwg Cﬁggﬁﬁtude,
MAX2) of the sanple conbination of pairs of sanples fromsaid second and 2U
third horizontal |ines having the | argest magnitude; and neans responsive
to the magni tudes MAX2 and MAX1 for3§enerating said control signal. 17
MARCH 2003 3c FIGURES 1 and 2 are pictorial representations of video
sanples from'portions of three horizontal video |ines for NTSC and PAL
signals respectively. , 15, FIGQURES 3 and 4 are bl ock di agrans of

al ternative nul tistangdaghddafhbiténgofieahs) treESorsiPOdNE nAniples pr esent
invention. . FI| EE 4A L% a bquk dlqgra of C|rc%itr g@ich nqx . be
| ncl uded | n PrREdefchitesaid; Second mepds At Samples, trom sA ¢acon
al t er nat i ve honizonsalc éine| dioal provi assecond [ploralityi af-samplean exenpl ary
sv~iitchabl fil ' Hs PEorvbédd ~tof unRl $¢26, 28
and 30 in tﬁ’é’“ﬁ%ﬁé@sg g%ﬁf f%%%?gtaug. i ,F%ﬂ(gJR t|os ahnﬁl g’gﬁpﬁggr am of
circuitry f&f kSPBWarﬂ}'ndlI‘S“&dasiiF‘B el frQmofaidepegqnst|apdydhisded sum - and
di ffse(r]I ence -hotlzonddls lines GaRfsaid ifirse mbdek aﬁidagompmdia'grﬁoji try' fox |
providing a S : 0 [ G6i pcui t el ement
651 n' 1 curdiehiespbP gl OrpveRARly eitgheliihles Morh Gl BEHE |, 7 37
a control siagdasesend harizamsal dinesi aljernating wish t differeaces ®f grirs) dfURE 4.
- FI GURE 9 i syetibal0g Kalip e yangilesi fromi tsayd f osechndvafd nthird dvtrizontalsi gnal
KL, for ﬁfntrollln% Hre cireuit g]enent 74 of FIGURE 4A. 3 5 FIGURr 10 -s
a bl ock adp5ﬁ18} @ éﬁf??é ?%%1broducin an alternative | um nance signal
The invention will be mgsnsr a¢spongeest tpbsaidi firsephuradity dohisamplps doessi ng
har dwar e opefadd i fit Ofode Jakd Haa@ OfifStAMd \WedBAd plufaleCdf298@ples in

said second mode for providing the magnitude, MAXI, of the

sample combination of pairs of samples from said first and second

15 horizontal lines havinp the largest magnitude;
means responsive to -said second plurality of samples

in said first mode and said first and second pluralities of samples

in said second mode for providing the magnitude, MAX2, of the

sample combination of pairs of samples from said second and

20 third horizontal lines having the largest magnitude; and
means responsive to the magnitudes MAX2 and MAX]
for generating said control signal.




4 signal) however) it will be appreciated that the invention may be
practiced on either analog or digital video signals with appropriate

sel ection of circuit elements. Referring to FIGURE 1 the arra é circles
represent 5 sanples of an NTSC video signal from porti on¥ Mﬁ'%r‘u‘f @3adj acent
horiaontal |ines. The sanples arc presuned to have been taken at a rate of
four times the col or subcarrier freg‘lgiency with a sanpling signal phase

| ocked to'the | or Qaxis (I and Q ng quadrature phase color difference
signal conmponents). The 1 O darkened or filled circle represents the sanple
point for which a conb filtered signal is to be currzntly generated. Since.
xhe sanples occur at a rate of four tines subcartier and phase |ocked to

. the | or Qaxis each FIGPREScAnhnad 13 dreopictoriall represymations of eidebusi vel y.

comonent, 140 eéfﬁséﬂ %ng%%ﬁg N aags ghiesofon NG A § e

represents ¢ rrhgRals| Fespestivebh. To avoid confusion the Y terns have been
onitted §n Fl GURES 1 FIGURESBSCaia o4 Gire t Blockf dig rdfbﬁﬂeﬁﬁﬁﬂbl ng met hod)

ohase of voRblitRiRlCRaRaTTe Comretids  siboded SRR SR e Thas T
sarrpl es a) bhvemtienhave equal values (Y-1)a, (Y+l)b and (Y-I)c
respectively. Subt racpl@gmmm %s 3 bR aﬁg%hﬁa Bf Witduiy OFHIH sanpl e

+21 whi ch r .es ac rrb onent, pr oper
phase. Si m F‘E‘{f%'t EG&T egccqq‘Bngﬂnﬂrgpﬂ‘%W pPBﬁﬂég the sanple
val ue 0. hegmmtlanmmnb signadr ed sanpl e representing sanple point b
or 1ine N1 oy, be conRTaRI B e, Bﬁ“’[fyd%%ge@f A Y celecting the
sanple to CBWH)F/P@I)W ?’ﬁ“gﬁﬁiﬁ 115ch(§76th: cﬂggéﬂgh@?releﬁ%m?’éﬁs > te izi

FI GURE 1 théSdar«B@rrmwhe(MURBSeG Bndmﬁ paratiissat e the pairs of sanples

whi ch may be conbi ne eq] rgfnl be f&ﬁ@pﬁﬁ. é&ﬁ?&ﬁgn“ ng
poi nt (pLxel) the ro nar WS, 1 n ate” palr nples 3 S
whi ch r??é/ BB‘WBF Fﬁyg c °lébiﬁ‘5 $um; and di P%% QIBPalﬁespectl ve
sanpl es al ong line N FIIGUREIr‘mdsaa blddk digramnof tdircuirygpfort providingows

or acese, ewﬁ?'céﬁ Suol, SHERICK tf?""tad%?ﬁ"uﬁe‘*ﬁ%?“#ﬁ@@pé’déﬁ“ﬁwﬂ‘eﬁ o in

t he .descri pilt GURES 6 10. For exanple, sanple pair 3 consists of

sanples a and b and DHIGURECmiisﬁfbl@ék of circhitry fBerREnain a
S onal e %‘éﬁe*%?lg o Koo o dsniiolfifip W, ol SIpARALYS B VLEE or
four times ‘ t subcarrl er f~requency The sol idcircle ,represents the

pi xel 1 ocation for \Athm 9/!16@@lﬂbélmhiiﬁmwﬂﬁmwm:n?rwigmigd u
an represge e r S this
i nst ance th% gé’“‘g{’]‘aggﬁsu hﬁg‘ %ﬁr&wﬁw eeg ?%fthél (§r7su carrier at an
angl e 4S of I Kjdéol or dlfference .signal axis. As a result the

chrom nqjgee conponent Fgguqaghl@qm ‘bld)dlé%ﬂni of |difbudtry fopntribution from
both col or dj ;}ference S'ﬁgﬂrgaﬂrﬁ E r.than excl ysively one or the other of

the col or diFfPAFENge 4L uninangce, i ver that the values of
every second pa| r of Fheplimeertionewill bt geaerally rdescribed eite terms kof

chrom nance p@ﬁé‘i i @n a 1) 3, 5,
7) etc. A C(§ﬁ g{r:cecs %%ﬁdﬁge con{}glge%P ?o?msig%r%fe@&)vgtvg?opl xel b
may be provi ded by subtractively conbining sanples a and b. A conb 2 0
filtered chrom nance conponent for each of the five pixels in line N,
starting fromleft to right nmay be provided by subtractively conbining the
sanple pairs 1) ~ 7, 3, 9 and 5 respectively. A conb filtered signal of
this type is heroin defined as a line alternating subtractive conb filtered
signal or LASCFS. If the signal 2 5 represented by the sanples-of FIGJRE 2
is conposite video this conb filtering process will substantially elimnate
the | um nance conponent except whore there are line-to-line anplitude
variations. Unlike the NTSC case, vertically opposite pairs of 3 0 sanples
are not conducive to subtractive conb filtering because the sanples , are
of |ike chrom nance phase. For exanple, the pair of sanples 8 opposite pair
3 are of the sanme phase, e.g.) +(V-U). Thus) if the conb filtered signal
produced by subtractively conbining the pair 3 sanples is likely to

i ntroduce an artifact, one




3 5 cannot sinply select a .sanple representing the subtractively conbi ned
sanpl e representing pair 8 as a substitute signal. Nom nally the energy

content of the |um nance conponent within the frequency cupi ed
by the 17 MARCH 2003 ' chrom nance conponent .is smal | 157%'%@%220@8 if the

signal represented by the array of sanples of FIGJURE 2 occupies only the
chrom nance frequency band) the alte#dnate pairs of sanples (e.g., 6, 2) 8)
4 and 10) nmay be addltlvel y conbined to provide a 5 substitute chrom nance

2l Sornat | ng. SERRS ahBkePErEyCSERe Akl IRaCHE iniEpARHGHAS' KT D

al ternating amltxcpdeonomhﬁ lanalag ofi digitalorideaasiznals withs apprgpaiata | |
depenti ng on” The bt ong L o1 i e DUBLTact | ve canb iItercd &1 gnal

i tpmay Stgl Il be agvan{g&éﬁﬂg gt ¥ s&ggl{ﬁufel Fh@%o‘?tFVﬁ °50Fﬁ?r?ﬁelngereg ’
signal even simplgs of aoMNTICcvidde sigmel Ifromnportionsi gﬁahremdjanemhe I\FI'SC
roni 1 or ed 1 onehzYfial b ”d%"oéﬁfhﬁﬁ 1?“’“?% ¢4 do By HERCRR ap

provi ded as Bufﬁigt%l Sﬁ'élum%s‘l FabP ft?ﬂb:?aﬂl"ﬂ HFRAVBEY nPitsided with a hi gh
. degree of cosumptingtsighsl phhse Pockedsto nige Haor @uraxis ¢l alndtQ beingNTSC node of
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the samples are of like chrominance phase. For example, the pair-
of samples 8 opposite pair 3 are of the same phase, e.g., +(V-U).
Thus, if the comb filtered signal produced by subtractively
combining the pair 3 samples is likely to introduce an artifact, one

35 cannot simply select a sample representing the subtractively
combined sample representing pair 8 as a substitute signal.
Nominally the energy content of the luminance

component within the frequency spectrum occupied by the
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2 5 filtered signal LAACFS. The signals LASCFS and LAACSF are
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sanple b on line N (FIGURE 2)) LASCFS = (b-a), LAACSF = (b+c) and OUTPUT =
(1-K)(b-a) (7) which is the desired Bignal. The optional scaling circuit 65
in the LAACFS path may 3 5 be included to attenuate the LAACFS when the
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The second aI ‘ﬁreat IOﬁ or t to scale the
numer at or of &tio and to add a constant - 17 MARCH 2003

In the NTSC mode of operation the multiplexers 32
30 and 34 are conditioned by the signal provided by OR gate 18 to
respectively pass samples provided by SBPF 26 and SBPF 30.
Refer to FIGURE 1 and consider pixel b. The desired comb filtered
output is (b-a) or (b-c) or more generally
- OUT = K(b-c) + (1-K)(b-a) (1)
35 where K ranges from zero to one. When the sample representing
pixel b is provided by SBPF 28, then SBPF 26 and SBPF 30 provide
samples ¢ and a. The sample provided by scaling circuit 40 and
polarity inverting circuit 44 is (K)c and the sample provided by



14 to the denom nator of the ratio. The preferred PAL algorithmfor YAL is
t hus KPAL=(CL*CC{N, N-1j)/(CON) N1j + CON N+1lj + C2) (16) where the
coefficient Cl is typically in the order of 1.5 and the g&ggmm C2is
about 4. These nodifications tend to a) permit Kto go 1owar unity faster
and b) insure that Kis closer to zero when appropriate. Refer to FIGURE 6
whi ch includes circuitry for genera?ing the required sumSi and difference
Di sanples for 1 0 performng the calculation of the adaptive control

signal K | @cﬂhﬁJRErtﬁuSd@piseilﬂ{hm |Combitifig peiosiideth lmpmbiges ne t i pl exer 34
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provi ded t hemnitipleyxére 3dr lSBZOBdBlQ!md byuthedignalaprmiided thy @Regateng or

conpl emppf i ngg Ctl:)r kﬂst aft %:ﬂ léﬁsﬁgﬂﬁ'lﬂﬁstN-I hend qle1 CoRpalics 'a9”a| N/ P,

r31

PAL mode. S Sar@gs?ré% s o R, ek e LSULPid

to one i nput9t§r mtcnal Thé nmlaﬂhkacr amlambmiﬁlmmd)ttoapasdmtmmmgrm nal of

a subtracter S@Ef 38 cafHPlisd shivpfesSecond i nput
term nal of iah ad m‘% ue n term nzﬂi‘epf subtracter
602. Cut put 48 %def‘?)'orﬂ‘? OK%tlF%t & r}ﬁog Ar é%ecﬁlﬁi edMt Her HStaMscade

connect il@n os‘anhﬂslaeb i3 ﬁrouidechabml%lﬂérz&dsmphya iseprowided byhi ch provi de

t he del d I t

co?regpgxg t%hmieﬁﬁip d anrnpfe alr g&?erc\ldl%ga?‘ﬁl &ﬁiﬁ?éifgh?i; %h% Q3
MARCH 2003 1desired pnw%a%smed@z 23 4% (§ri8) sorQmers %ﬂ@@é‘ﬁond to the
differences D of sanple pai rQUTs= KB+cpt-ad-K(big)bl e 1. Qutput sigBnl from

dder 600 A | d
Fhe”del ayeq YHEHDIC e E%imﬁo*ﬂ“%é%eﬁ’frh’?@h% T SRPle Py 001 oS

~ conb fi ﬂ%rebjysscghag giseuitopddist (okri aed theamn 1pamdpd byjscatingnt to

the signal pgievdidetd indt polity tim&tﬁﬁi%Mt HGIREKE, I'Dhé hfbn'ﬂﬁhx de the

21 gnal LAAs‘é%rcf?ofﬁ‘dc%gﬂim% e’ Bieleschadl 208, 309 Y aEhtfon @ B
conb fil teretr-l@ilgltml devel oped fromlines N and N1 in the NTSC npde and to

the line alternating subtractiveuEpmbfi(itE)L4 k¢ gnal LASCSF in thg) PAL

mode. 25 which can be shown to be equivalent to equation 3.

The embodiment of FIGURE 3 is arranged to scale
samples and then combine them in a single combining circuit to
produce the comb filtered samples. - The alternative embodiment
illustrated in. FIGURE 4 is arranged to develop the alternative

30 comb filtered samples and then to proportionally combine the
alternative comb filtered samples to develop the desired output
sample. In FIGURE 4 circuit elemen(ts designated with like
numerals to elements in FIGURE 3 are similar and perform like
function.

35 Referring to FIGURE 4, the polarity inverter 64 is only
condmoncd to complement samples in the PAL mode of operation,
The optional scaling circuit 65 is also only operative in the PAL
mode and is presumed to be a short circuit in the NTSC mode.
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signals for the NTSC node in the r okdesi gnated 2 0 NTSC. The row
designated PAL U corresponds to output signals Q for operation in the PAL
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maxi mum det ec res uaIﬁH nmax (1S71)

1s81) 1s91) A °’E‘P?é"‘l‘3T§ Veﬁ@gs‘ : Stered in the
| owpass filt subfibdter 260, Bygnmtu@aa;fseue tpolatiey nmvertingoircui8®4 dncitspl ed th -
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det t t 50 Th
detector, 75d b2 BT D e (i W B R L8 o me

det ect or 786 pr&pmainatelgrmambmhde irPRheutivotiz. 63f toSPPdace tamnelitpat ( or
conposite vi %‘39}6 rfﬁmrw' lgﬂﬁu@-&@l’@?é %‘ and 30) are applied to
cter

respective input term na 782 The oui:s)ut signal from
sitbtracter 782 is coupl QUTBUT sddAULAGE the m ni m{M

det ect or 786.widrei Kurarjs ecztdm 70 t6 dn%$pqlﬁ3pﬁﬁldtﬁa1t darizdend 5 control
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= (b+c) and

OUTPUT = (1-K)(b-a) )
which is the desired signal.
The optional scaling circuit 65 in the LAACFS path may
35 be included to attenuate the LAACFS when the luminance
component is large relative to the chrominance component.
Desirably the scale factor Kch by which the LAACSF is attenuated
approaches zero when luminance is present in the absence of



17 MARCH 2003 17 The maxi mum detector 750 passes the signal CON, N ) in
both the NTSC and PAL nodes. In the NTSC node this signal corresponds to
MAX (1S21, 1S3l) 1$41) and in the PAL node to MAX (1D21Q ﬂnﬁ%bH 2dd¥tl) . The
signal passed by the detector 750 is | ow pass 5 filtered7 n 1ow pass filter
?62. The low pass filter 762 (and | ow pass filter 764) may be nade

sel ectabl e responsive to the node cddtrol signal NNP to tailor its response

to the PAL or NTSC signal, spectrumor jt y be of fixed desi, al beit such
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(NTSC) 3h5 addpfivencdntbol( 2bgralt K{orw)énbihes Ithe éémboﬁlcered'ri]ghixﬁinlfaﬁéél) for t7 f;g
reason that S r : [ : i pl exes
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the factor 1be{ROPERéomAll-Kdde andhKL respectively.otoproduesitthat si gnal from
the multipl ¢uminaht? oarmausigadl.t oTheevaliyi sttt icontiol tsignaINKIL ehngére di vi de

copt e’ £ S8 REReCS GdIEraRaP dr tho BRAES B and The 5 ORS' S
deci mal val gaxdigmyoduminange wignal ovilk dewdiscussed| herginafteshowieh . The

control sigraferésde t@ FIGEGRES Doamd 19caling circuit 65 (FIGURE 4) is
generated by the circuy ' Kch is to approach

try sho ., FI.GURE 8. The signal
zero when | um nance i§ %%?ﬂm&ntQ%@dﬁngﬁc‘ém{Hﬁcﬁhggﬁf%ﬁée and is to
equal 1 wherpeptormedoas nda the NFSE moteata watio ds| forimednof the n t he
FI GURE 8 sempdhpeih Ehforiinan¥é! biivesh Sindsa e aalieN-1 QAN Mgp. 1Pl for the
reason that the allal ng _Ccircuit %&FI g.JRE 46 1,5 resu t,0 mdltlply by
ei ght hs. ThéUH g‘gff %rﬁqE@WB?'Fﬁ'fd BH PLPCER; IF‘?A) # &8s given by
15 Kch = 8 Hietween {ine$ ¥ ad N+K(LGIN, N+ €GN, N+ Kc)whers CC
denotes chrominance change. The chrominance change CC[N, N-1]
is defined as the maximum of the differences between the pairs of
30 samples 2, 3 and 4. The chrominance change CC[N, N+1] is defined
as the maximum of the differences between the pairs of samples
7, 8 and 9. Since the phase relationship of the respective pixels of
each pair is approximately 180°, a relatively accurate
chrominance change may be calculated by summing the samples
35 for each pair. Thus, if the sums of the sample pairs 2, 3 and 4 are
designated S2, S3 and S4 then
CC[N, N-1] = [MAX(IS21, IS31, 1S41)) (8)




where HFLI is a high frequency |um nance indicator and Cl is a 2.0

chrom nance indicator. The |um nance indicator is determ ned fromthe

| esser of the Ium nance content of sanple pair 3 (FIGUR maxi mum
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di fference bei ngrrgqualo @égﬁp@ll rm[ll\é@z% 'S?ﬁé@'ﬁhe aver age ch?gam nance.
The differehbes (D3-DS), (D1-153) and (D7-D9) are 17 MARCH 2003 19 then
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filtered d 0 t bt r act ed
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are 2 5 cou 0 r of a two-to-one multiplexes 814. A
const ant va%glgii é‘f gﬁ? ]pgggfpﬁe é{?r&ﬁSna second input termnal of the

mul ti pl exes 814. The whet lgarvthm for) detespuning ghe adaptine reomsradont r ol
signal NP gf 'ICIQSmtﬂ%%%@déﬁstﬂ%W§ﬁlmh1@6Hrdrﬁﬁaﬁéé ues (8 - hlIFLI

+ G) gt PAI he co nal KL for
adapt i vgpy géﬁfg’fﬁ"lcﬁg aﬁ“{%gmﬁégﬁ]&ﬂanﬁloget%ﬁﬁﬁaﬂ“(%{ &fmﬁhﬁ% RaNCescri bed
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K exceeds 1/93tef |'E‘“‘P%1 es"ﬂ? ‘R"Pﬂ&e eming ﬁﬂl&ﬁﬁ B GURE 9)
t he control isiignsienKtldtr e réspebtiGeRianiplesr ofiisample iprirsc| ¢d and 8he
30 are of like phase. Hence, the chrominance differences for these
pairs is calculated by subtraction of the respective samples within
a pair. Chrominance differences generated by the subtraction
process are defined Di. The chrominance differences for pairs of
samples 2, 4 and 8 are D2, D4 and D8, respectively. The
35 respective samples of sample pairs 3, 7 and 9 are antiphase, and
thus their differences may be calculated via summing. Thus the
respective differences of sample pairs 3, 7 and 9 are defined S3,
S7 and S9. Using the foregoing definition




17 MARCH 2003 20 factor 2 in scaling circuitry 900. 'The value 2K from
circuitry 900 and a constant value of eight are applied to re$pective input
termnals of a subtracter 902 which provides the diffﬁ@;&f@ﬁ*% These

differences are coupled to the subtrahend i nput term na a further
subtracter 906 via a limter 904 which constrains the _ differences
applied, to subtracter 906 to be gregaer than or equal to zero. The control
signal Kch (fromthe circuitry of FIGURE 8) is applied to the m nuend i nput
term nal of the subtracter 906 which provides the differences Kch - (2K-8).
These differences 10 are CG(] Nellpala =f MAX (DRLIS3eiDdinal of a n(@l)i pl exes

910 via a limnter 908 V\/ﬂlé@{lqopﬁlll] AT‘S tﬂag})gé@f-,prlglgpqsmzl ues to bey-gr eat er

than or equal zero. A valu zefo nd_in erm nal

of the nulti pllds ratio. lsmnwdwsmgethe@ gabwis:s Neie dpsFIGURE h'élatmde

control si gn&hel\i‘:&nbofm'éﬁw d@irec@en Ochadlpes fronPiide-td- Hnbhe AT ﬁchDge) and
to pass tge vial u aI ues

of KL has beelﬁet g‘leapé"(f%ﬂegnFBm:PIQIBgOdgeggeﬁu's?e“PH"@I é’fl}lffg%grﬂxe nmbi ni ng
circuitry 74 ¢ dinsr dstinsbie t preferoed raombinghdireetioedsi dewswandl sThis ei ght hs.

I'n addi tion, dph ?cshﬁ@ﬁ'b% *ﬁEEo:%ﬂfbdﬁt&i“ ﬁhuf'ér cHéﬁ%an o@'eﬁx‘ér Fadi@r tge 2 0

val ue KL hav been transl at ed ﬂ 8. The aui<(| | i | um nance
signal applie OtHsPﬁ’éz's i AHAREH KB?VHﬁa anméf? ger {he; proke 4A nay
be gener at ed amsl agawse bekweeql ahq linasc -1 r y Nofandl NJAE wilile Texvisgghal QS (in
t he PAL We)n\hﬁef’al?eﬂﬂﬁpﬁﬁr ﬂ,mﬁ, ofind ﬂ cghase pairs of sanples and as 2

5 such corresponds to a natl n m?gﬁﬁmg‘ﬁ fil terefl %ig)nal for
s signa

| um nance signals in the J-c‘ O%Lf'r
equi val ent toamd 1-H | uni r@@ﬁ’é, N@MPALI#(MAX(D‘IJMSISI IDBY signal Q@ (14)

chr om hance o 32’&@?%%"{“%% RGP 320 p8TTH, SRpd ' 2

t he gener at edP&iommes dhe ék‘"E%‘?al“éfs nthet gatie fox farming Ky twhem the o | gned &
sanpl es flrom direetfom\lisardbwiard. whi ch sanpl es have anti phase ehrom nance

conponents. The ge”era%&uﬂﬁ ferﬁﬁc%e 1R P %ﬁzﬁs%@qggg gc}gnﬁwf nance

conb filtered signal nce |Iter|ng
| uni nance ove?°ff’RBn?qtné9rt%§°§b C&Wé‘?’ '&é‘-’“s mthlm’é‘ta%? sing higeyi Nty

appropriate |amd MNRLe ivaheePAlltmode the chroetinance differstet sizably esol ut ion

a0 rmge T anerer. Aance'di‘@“fﬁ%’&m{s%b@%eﬁﬂ’ﬂ%? s§§“b§53“§ Heto
burst phad® eclumaingnog |duenge thanfast that cagsmaxbbe xdliffersrcseDis ang the the
one of the 1-&thanch ukh csarrb Ihi iHeePad. &h@d@ltﬁxshmw%etb@m ﬂsmﬁnbsagm tude

Sgng?;PegaEIt hcﬁ% ﬁﬁ)tw iﬁgg%ﬁ.ﬁ?rgﬁ g’fg g@ﬁoﬁ% éﬁﬁgs{hﬁe Si gnal s @

and 6. The |co¢flisiantiKlt & wﬁr@mmvamesgmmut@ dhel terro BB3HIdonb filtered
I um nance si geglatfgmomt G4ehs abieraL 1S3 19 WheateeIS30kPisedefified €Spect i ve i nput

t erm nal f a m ni rum det r 9 T m det ector 950 p es the
one of t?esjl -H and 2-H congI qul te%@%‘%ﬁlﬂé ﬂ}nal s havi nlg t he flﬁsee
magni t ude to ANGctrmsg aumdts&mcomsnomdotmhﬁzws o saspplecpaisdrid
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frequencizs. a dnd M“\Rﬁie@gﬁal IS3L.-S8L! is formed by subtracting low passed
samples from SBPF's 26 and 30, (or composite video from the
inputs to SBPF's 26 and 30) corresponding to pixels a and ¢
relative to pixel b, and taking the magnitude of the difference.
Substituting the term IS3|° for the termlS3! in equation 11
35 pguarantees that K is close to zero when equivalent high frequency
line-to-line luminance, as in a multi-burst pattern, is present.
The second alteration to the algnrithm for the PAL
mode is to scale the numerator of the K ratio and to add a constant
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Samples from the polarity reversing circuit 610 are
30 coupled to one input terminal of an adder 600 and the subtrahend
input terminal of a subtracter 602. Samples from the SBPF 28 are
coupled to a second input terminal of the adder 600 and to the
minuend input terminal of subtracter 602. Output samples from
the subtracter 602 are coupled to the cascade connection of three
35 one-sample-period delay elements which provide the delayed
signals Q1-Q3. In the NTSC mode, the delayed signals Q1-Q3
correspond to sums, Si, of sample pairs as indicated in Table 1. In



MAXN( 1-2)/ (MAXN(. 1-2) +MAXN( 1-3)) in said first node, and is of the form
25 Cl1 *NMAXP(1-~)| (MAXP(1-2)+MAXP(2-~) + C2) in said second node, and where
Cl and C2 are predetermned constants. 5. The apparatus set %&H% n claim
3 further characterized by respective neans for |ow pass17fM1°‘ % he 30
maxi munms MAXN( 1-2) and MAXN(2-3) in said first node and | ow pass filtering
t he maxi nuns MAXP(1-2) and MAXP(2-3) in,said second node. 17 MARCH 2003
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preferred difference comb for line N (e.g., sample b) is in the up
direction. The row designated PAL D corresponds to output sums
and differences for operation in the PAL mode where the
25 prefei'rcd difference comb operates in the down direction, e.g.,
when providing comb filtered signal representing line N-1 or line
N+1. '

FIGURE 7 shows the preferred circuitry for generating
the adaptive control signal K according to the preferred algorithm.
30 The assumption is made that the weighting circuits 40 and 42
(FIGURE 3) and the scaling and combining circuit 63 (FIGURE 4)
scale samples by eighths. The value of K represents the number
of eighths and thus ranges from zero to eight corresponding -to
scale factors from zero to one.
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passed by mulu exer 740 and the signal Q2. The output of
maximum detector 760 corresponds to CC[N, N+1] which equals
max (IS7I, IS8, IS9l) in the NTSC mode. This signal is then lowpass
filtered in the lowpass filter 764.

25 Signal passed by the multiplexer 730 is coupled to a
first input of a maximum detector 750. A second signal from a
minimum detector 786 is coupled to a second input of the
maximum detector 750. The magnitude of signal Q5 is applied to
a first input terminal of the minimum detector 786. Signal from

30 the LPF outputs of SBPF’s 26 and 30 (or composite video from the
inputs to SBPF’s 26 and 30) are applied to respective input
terminals of a subtracter 782. The output signal from subtracter
782 is coupled to a second input terminal of the minimum
detector 786. Minimum detector 786 is responsive to the mode

35 control signal N/P to pass the magnitude of signal Q5 in the NTSC
mode and to pass the signal IS3!' in the PAL mode, where IS3I' is
defined by equation 15.
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The maximum detector 750 passes the signal CC[N, N-
1} in both the NTSC and PAL modes. In the NTSC mode this signal
corresponds to MAX (IS2l, (S3l, {1S4l) and in the PAL mode to MAX
(iD2l, 183I’, ID4l). The signal passed by the detector 750 is low pass

5 filtered in low pass filter 762. The low pass filter 762 (and low
pass filter 764) may be made selectable responsive to the mode
control signal N/P to tailor its response to the PAL or NTSC signal
spectrum or it may be of fixed design albeit such fixed design may
compromise the performance of one or the other or both modes.

10 An exemplary transfer function H(Z) for a selectable filter 762
(and 764) for NTSC signals is given by

HZ)N = (14Z-1 + 22 +2Z-3 + Z-4 + Z-5 + Z-6)/8
and for PAL signals is given by

HZ)p = (142Z-2 + 2Z-4 + 2z-6 +Z-8)/8

15 where Z is the conventional Z transform variable.

. The signal provided by the low pass filter 762
represents the numerator of the ratio defining the adaptive
control signal K. This signal is added to the signal provided by the
low pass filter 764 in.an adder 780 to generate the denominator

20 (NTSC) of the K ratio. The output sum from adder 780 is coupled
to one input of a multiplexer 776 and to one input of an adder
778. A constant value C2 (e.g., 4) is applied to a second input of
the adder 778. The output provided by the adder 778 is the
modified denominator of the K ratio for operation in the PAL

25 mode. The output from adder 778 is coupled to a second 'input
terminal of the multiplexer 776. The multiplexer 776, responsive
to the mode control signal N/P provides the appropriate
denominator value to the divisor input connection of the divide
circuit 772. :

30 The numerator value from low pass filter 762 is
applied to a times 8 scaler 768 and a times 12 scaler 766 the
outputs of which are coupled to respective input connections of a
multiplexer 770. The scalers 768 and 766 are included to
translate the K values from zero-to-one, to zeéro-to-eight (NTSC)

35 and from 1.5 (zero-to-one), to 1.5 (zero-to-eight) (PAL) for the
reason that the scalers 40, 42, and 63 multiply in eighths.
Multiplexer 770 selects the signal scaled by the factor 8 for the
NTSC mode and scaled by the factor 12 for the PAL mode. The
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output signal from the multiplexer 770 is coupled to the dividend
input terminal of the divide circuit 772 which generates the
adaptive control signal K. This signal is applied to a limiter 774 to
insure that values of K do not exceed the decimal value 8 (for
scaling circuits which scale by eighths).

The control signal Kch for the optional scaling circuit
65 (FIGURE 4) is generated by the circuitry shown in FIGURE 8.
The signal Kch is to approach zero when luminance is present in
the absence of chrominance and is to equal 1 when both
chrominance is large relative to luminance. In the FIGURE 8
embodiment the Kch values are translated to the range 0-8 for the
reason that the scaling circuit 65 (FIGURE 4) is presumed to

multiply by eighths. The algorithm performed by the circuitry of
FIGURE 8 is given by

Kch =8 HFLI + CI for 0 < Kch < 8)
} a7
=8 for Kch > 8 }
where HFLI is a high frequency luminance indicator and CI is a
chrominance indicator. The luminance indicator is determined
from the lesser of the luminance content of sample pair 3 (FIGURE
2) and the maximum of the luminance content of sample pairs 7
and 9. Note that the chrominance component of the samples of
each pair 3, 7 and 9 are antiphase, so that the sums S3, S7 and S9
are substantially representative of twice the average luminance
content.

The maximum of sums S7 and S9 from the multiplexer
740 (FIGURE 7) is applied to one input terminal of a minimum
detector 802 and the magnitude of signal Q5 (from FIGURE 6) is
applied to a second input terminal of the minimum detector 802.
The output of the minimum detector 802 corresponds to MIN
(MAX (IS71, 1S91),I1S3!) which is equal to two times the luminance
indicator. -

The chrominance indicator CI for equation 17 is
determined as follows. The differences, D1, D3, DS, D7 and D9, of
sample pairs 1, 3, 5, 7 and 9 are first calculated, with each
difference being equal to approximately two ‘times the average
chrominance. The differences (D3-D5), (D1-D3) and (D7-D9) are
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by subtracting the signals Q7 (FIGURE 6) from signal Q9 in the

subtracter 816. The output differences from the subtracter 816
are applied to a magnitude detector 818 and thereafter to one-
sample-period delay elements 820 and 822. During the interval

10 that pixel b is under consideration, the magnitude detector 818
and delay elements 820-822 provide the samples ID3-D1l, ID7-D9|,
and ID3-D5l, respectively. These samples are applied to a
maximum detector 824 which passes the largest of these samples
to a scaler circuit 804, the output of which is equal to two times

15 the chrominance indicator. The value 2HFLI from the minimum
detector 802 and the value 2CI from the scaling circuit 804 are
applied to a subtracter 806 which provides the difference value
2HFLI - 2CI. These difference values are coupled to a low pass
filter and limiter 808 which smooths and limits the signal to a

20 value of 16. The filtered differences from the low pass
filter/limiter 808 are subtracted from a constant value of 16 in a
subtracter 810 which provides the values (16 - 2HFLI + 2CI). The
differences provided by subtracter 810 are scaled by one half in
circuitry 812 to generate the values (8 - HFLI + CI), which are

25 coupled to one input terminal of a two-to-one multiplexer 8§14. A
constant value of eight is applied to a second input terminal of the
multiplexer 814. The multiplexer 814, responsive .to the mode
control signal N/P provides the value 8 in the NTSC mode, and the
values (8 - HFLI + CI) in the PAL mode.

30 Generation of the control signal KL for adaptively
selecting alternative luminance signals (FIGURE 4A) is described
with reference to FIGURE 9. The algorithm for determining KL is
given by

‘KL = Kch - (2K-1) (18) .

35 'where (2K-1) and KL are both limited to be greater than or equal
to zero. The value of KL is chosen to equal Kch until K exceeds
'1/2, then it falls to zero as K increases to unity. In FIGURE 9, the
control signal K (from the FIGURE 7 circuitry) is scaled by the
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differences applied to subtracter 906 to be greater than or equal
to zero. The control signal Kch (from the circuitry of FIGURE 8) is
applied to the minuend input terminal of the subtracter 906
which provides the differences Kch - (2K-8). These differences
are coupled to a first input terminal of a multiplexer 910 via a
limiter 908 which constrains the difference values to be greater
than or equal zero. A value of zero is applied to a second input
terminal of the multiplexer 910. The multiplexer 910 is
responsive to the mode control signal N/P to provide a zero value
of KL in the NTSC mode, and to pass the value (Kch - 2K-8) in the
PAL mode. Note the range of values of KL has been translated
from 0-1 to 0-8 because the scaling and combining circuitry 74 is
presumed to proportion the respective signals by eighths. In
addition, both signals Kch and K which are used to determine the
value KL have also been translated by the factor 8.

The auxiliary luminance signal applied to the scaling
and combining circuitty 74 of FIGURE 4A may be generated using
the exemplary circuitry of FIGURE 10. The signal Q5 (in the PAL
mode) is a sequence of sums of antiphase pairs of samples and as
such corresponds to a line alternating luminance comb filtered
signal for luminance signals in the chrominance frequency band.
This signal is equivalent to a 1-H luminance comb filtered signal.
The signal Q2 corresponds to a sequence of differences of pairs of
samples having like chrominance phase. If the signal Q2 is
subtracted from the signal Q5, the generated differences
correspond to the sums of verticaﬁy aligned samples from lines N-
1 and N+1, which samples have antiphase chrominance
components. The generated differences thus correspond to a 2-H
luminance comb filtered signal for the chrominance frequency
band. Comb filtering luminance over two lines tends to average
pixel errors and yield the appropriate luminance values but incurs
a reduction of vertical resolution at image transitions. One line
comb filtering provides better vertical resolution but chrominance
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0<0=o0| 0} O~OO){fn??IIGURE 10) by the subtracter 952 responsive to the signals Q2
and Q5. The 1-H comb filtered luminance signal Q5 and the 2-H
comb filtered luminance signal from the subtracter 952 are
coupled to respective input terminals of a minimum detector 950.
10 The minimum detector 950 passes the one of the 1-H and 2-H
comb filtered luminance signals having the lesser magnitude to a
scaling circuit 954 which normalizes the applied comb filtered
signal. Low frequency luminance signal from the LPF output of
the SBPF 28 and high frequency comb filtered luminance signal
15 from the scaling circuit 954 are combined in an adder 958 to
provide the auxiliary luminance signal which is comb filtered only
in the chrominance band of frequencies.
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15 means for generating respcctivc sums of samples from

said first and second horizontal lines and from said second and
third horizontal lines, and for generating respective differences of
. samples from said first and second horizontal lines and from said

second and third horizontal lines; and

20 means responsive to said respective sums of samples
for generating said control signal in said first mode, and
responsive to ones of said respective sums -and ones of said
respective differences for generating said control signal in said
second mode.

25 2. The apparatus set forth in claim 1 further
characterized in that said sums include a first plurality of
magnitudes representing sums of samples from said first and
second horizontal lines and a second plurality of magnitudes
representing sums of samples from said second and third

30 horizontal lines and said means responsive to said respective
sums and differences for generating said control signals in first
and second modes includes: :

means for determining the maximum, MAXN(1-2), of
said first plurality of magnitudes and the maximum, MAXN(2-3),

35 of said second plurality of magnitudes; and
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0#10%¢&: O)- qﬂ#démrﬂn(u)d 2ouds of said first and third pluralities of
15 magnitudes and the maximum, MAXP(2-3), of predetermined ones
of said second and fourth pluralities of rﬁagnitudcs; and
means responsive to said MAXP(1-2) and said
MAXP(2-3) for generating said control signal, in said second mode,
according to a ratio of one of said MAXP(1-2) and MAXP(2-3) to
20 the sum of MAXP(1-2) plus MAXP(2-3).

bu4

4. The apparatus set forth in claim 3 further
characterized in that said ratio is of ‘the form
MAXN(1-2)/(MAXN(1-2)+MAXN(1-3))
in said first mode, and is of the form |
25 CI1*MAXP(1-2)/(MAXP(1-2)+MAXP(2-3) + C2)
in said second mode, and where Cl and C2 are predetermined
constants.

5. The apparatus set forth in claim 3 further
characterized by respective means for low pass filtering the
30 maximums MAXN(1-2) and MAXN(2-3) in said first mode and
low pass filtering the maximums MAXP(1-2) and MAXP(2-3) in
said second mode.
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comb filtered signals representing said second horizontal line in
both modes, apparatus for generating said control signal
characterized by:

15 first means responsive to said video samples
representing said first and third horizontal lines, for providing
samples representing  said first horizontal line in said first mode,
and for providing samples alternately from said first and third
lines in said second mode;

20 ° second means, responsive to said video samples
representing said first and third horizontal lines, for providing
samples representing said third horizontal line in said- first mode,
and for providing samples éltemately from said third and first
horizontal lines in said second mode; :

25 first combining means, responsive to samples provided
by $§aid first means and samples from said second line, for
providing a first plurality of first sample combinations , said
combinations corresponding to sums of pairs of vertically aligned

- samples from said first and second horizontal lines in said first

30 mode, and corresponding to sums of pairs of vertically aligned
samples from said second and third horizontal lines alternating
with sums of pairs of vertically aligned samples from said first
and second horizontal lines in said second mode;
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second combining means, responsive to samples
provided by said second means and samples from said second
horizontal line, for providing a second plurality of sample
combinations , said combinations corresponding to sums of pairs
of vertically aligned samples from said second and third
horizontal lines in said first mode, and corresponding to
differences of pairs of vertically aligned samples from said first
and second horizontal lines alternating with differences of pairs of
vertically " aligned samples from said second and third horizontal
lines in said .second mode;

means responsive to said first plurality of samples in
said first mode and said first and second pluralities of samples in
said second mode for providing the magnitude, MAX], of the
sample combination of pairs of samples from said first and second
horizontal lines having the largest magnitude;

means responsive to -said second plurality of samples
in said first mode and said first and second pluralities of samples

in" said second mode for providing the magnitude, MAX2, of the

sample combination of pairs of samples from said second and
third horizontal lines having the largest magnitude; and

means tesponsive to the magnitudes MAX2 and MAX1
for generating said control signal.

7. The apparatus set forth in claim 6 further

characterized in that said means responsive to the magnitudes.

MAX2 and MAXI1 for generating said control signal includes means
for providing a ratio of the form
MAX1/(MAX1+MAX2)
in said first mode, and of the form
C1*MAX1)/(MAX1+MAX2 + C2)

in said second mode, and where C1 and C2 are predetermined
constants.

8. The apparatus set forth in claim 6 or 7 further
characterized by respective means for low pass filtering the
maximums MAXI1 and ‘ MAXN 2.



