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2177872 -1+ APPARATUS FOR NO SE REDUCI NG COMPCSI TE VI DEO SIGNAL Thi s
I nvention relates to circuitry for performng noise reduction of video
signals’US|ng recursive filtering techniques. 5 Recur si ve
filter \gryangenents are known wherein inconming television signals are

proporti oned and ACEPARATUSWEOR N S8 REDUC IN®CONFYS DIE . vaSsmNAL
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chrom nance pha8mdnande\6d' Tdrﬁgz&dﬂdéﬁ.‘éé Wriddo %&@9&15 e vi éefeéﬁfgiﬁéve
filter systen% The recurS|veH%;lte f the present, inventiop inpg|ludes
circuitry for LEEEAR% s Sk ?ﬂﬁdNQHrﬁfWHéhﬁH 'aﬁﬂg%+§h%PnF;$n1
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of the composite video signal must be phase inverted since
the chrominance component is 180° out of phase from
frame~to-frame (NTSC). Heretofore, chrominance phase
20 inversion has required separation of the luminance and

chrominance components; inversion of the chrominance
component and recombination of the luminance and inverted
. chrominance component. It is an object of the .present
invention to provide simplified chrominance phase
25 inverting circuitry for composite video recursive filter
systems. .
. The recursive filter of the present invention
. includes circuitry for proportioning and combining
incoming signal and signal from delayed image segments
30 which has been previously processed by the proportioning
and combining circuitry. A delay element is coupled to
the output of the proportioning and combining circuitry to
provide signal delays of substantially integral image
intervals. Nearest neighbor signal samples delayed
35 slightly more or less than exactly one image interval, are



-2- 1 fed back fromthe delay el ement to the proportioning and combi ni ng
circuit. In the follow ng description, for which video signalsin NISC
format are assumed, reference is mad@-to the 5 acconpanying draw ngs in
which: FIGURE 1 is a diagranmatic representation of interlaced vided,
signal s in three diinmensions. FI GURE 2.shows two di.mensi.onal arrays of a -
‘portiod dfedsihpek ﬁnnmﬂthﬁ ¢¢bﬁ¥tﬁée§95§e§§lWéefﬂﬁﬂﬁ99ﬁIQR}Q§Nﬁﬁglte vi deo
and the STy Eﬂq §anp|es fromtwo successive fields of interlaced
conposi te V|déo st gnal . tIGURES 3, 5, 6,.and 7 are block diagrans of video
recursive fil ters ek otlye nfo 1 hewbrasERsCrapEALnon fom @bEh Yideo | ogi ¢

di agram %f AT TR m&%&msw aE¥ %bﬁReHBYrQQe%@?ﬁé tig arhde $dethd GURE 3

recursive i's a |agran1of arbitration C|rCU|try f or
sel ect} ng’IWRﬁﬂ&%r@aS%@%ﬁl 5"f8F1§BpI ication in the

recursion.algorithiprgifRe 1 15 a dfggyggmgglbsr@ﬁfggéhﬁg;fgﬁi eyprds used by

the C|rcu|try of FIGURE 8A., The_inyent]jon may be practice el t her anal og
or digitaP terdaged W&499t5k9%$%?obPl Lhreendimensionfdware. The

i ndi vi dual .har dvar ¢ rguRER Sshd>w§ teddamenaioma.l %r:%aysera)flaes etc. are
of conventlﬁnal d%i&gﬂﬁ1 one. as %lon hﬁ nade, is that the

signal iBOF al I e?o T30 Snﬁpﬁgeﬁd“’(ﬁ Sﬁ'tliaé? e%iYhal s. The
sanpl &k opmpetsed:eorvmen rAred etheckeperposiitical af :aahtpalres eframdtwd or '
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of conposite video signal and esent "t he co erence
contributions of tifd A rehcd %@ﬁ%@néﬁ?96ﬁm09ﬁb&9mﬂﬁﬁhiﬁﬁ)and t he-

subsqrs PESreQilYS SHICRS M Ed%ﬁs@ithﬁédcﬁho’th%uer
recursive filter.

FIGURE 8A is a block dlagram of arbztratlon
circuitry for_selectlng one of several signals for
application in the recursion‘algorithm- .

- 20 _ FIGURE ‘8B is a table of codewords used by the
‘circuitry of FIGURE 8A. : _

The invention may be practiced-on either analog
or digital signals with the appropriate choice of
hardware. The individual hardware'elements; i.e. adders,

25 scalers, memorles, etc. are of conventional design. One
assumptlon is made, and that is that the signal is in , s
sampled data format for both analog and dlgltal SLgnals
The samples operated on are phase locked to the: color |

- subcarrier and, for convenience of the description that

30 follows, taken at four times the.subcarrier frequency. _
Samples are. presumed to be taken along the I and Q color
difference signal phase axes so that the samples occur in

~ the sequehqg{}Y-Q)h;ll (Y+I),, (Y+Q),, (Y-I)n,'(YfQ)n; |
(Y+I)n+1; etc. where Y represente the luminance component.
35 of composite video signal and I and Q represent the color
- difference contributidns of the chrominance component of
composite video and the subscripts denote successive
cycles of the color subcarrier. | |



-3- In the,NTSC signal format the chrom nance component is [err] out of
phase line-to-line within a field and is ayso [err] out of phase from
fyame-te-frame. Referring to FIGURE 1, portions of three fields 5 of
corrposM_g*w deo signal are illustrated diagrammatically in a three

di mensi ohal . represent at ixm. thérherslrca@ aﬁxférmsﬁrﬁﬁénéhrbﬂuiaﬂég Si ggal Sd
whi.ch contribuyte-t e .hor pta vertic L ons repr.oduce
i mge. The 't g“fﬁg’ S’ee&qes.'&t]lsgf hion tbr gl’%hﬁ%lﬁlg g‘gn én%fwy%l@oa field
di spl ayed i nagad 1'§16a]lsmel<8qfarcmted>ftphasle frmlsramd-ﬂun‘ﬂﬁamd n+i
represent horizont al | The, +_or - n
reBresents the rel atlverif%fase Oéle co%fsubcéé)#%?g?o Ptﬁgrﬁﬁr f‘?‘@gﬁﬁr
line. Lin8s noF compesids \@sqﬁmcsanal pexe | bhlestratedi dbsgtammatichiilgs

1075t s s S i epe Ty i
nes in frame ra
i Inmedl atel y pFEPEGSHY Eti’r?e PG (FeRtYipete  BprEBent signal

sanpl es corr ehpfmdlomc!-atlo an&wﬂ:ﬂiﬂrmﬁmﬁ@imét SOf £0rep:|?u§ﬁeéal Yﬁaﬁémﬂ es
along a parti ) r i n s relative to

col o? sugcarr:i'gr EtPgi’Jraﬂes ‘}%‘iﬂ%saeﬁnﬂ% {]]%é)ﬁ fﬁils%%‘??ggﬁoﬂg F%et he
pixels RLO & displayedaimage .of Fhee|lines Iaandahlel s‘ecpatheexl ayisnandlr ane

interval . ThaugpBee@adaige r@ﬁ%éﬁt %#@ﬁaf 11 f ihf}ﬁPmXﬁi‘ég as

anti phase wt oi_nts res ec |ve
rel altol onshi p B&gplllaﬁ?@r -at éféPq r'f' If%l'GURI§129'Tx IIFFM%&IE’-? tl@embativenplpaseu ons

of thLee I'i nes£f the todwr éﬁwuaxfrirdzew?mm aﬂéfom{x{éaﬁerl%esl (J)rl
are shown. €.S each inc a | um nance conpone a co

di {ference coﬂpgnggpbﬁa FOQ-S=hrE Eiiogr?s RQ%JC%Reo aﬁﬂ?%ggﬁmsg‘lﬁ%ﬁ
not si gndd poMali of. fHamesJmil.i n@lpimen—tﬁZZﬁﬁd z(ﬁﬁ??sml’ehes [err] from

}sg(rarplsgrsml?l " E?ﬁi@sgpgwr omgflrz??r{eﬁ%l are égsl rFlcheﬁEaand be]'l?#%&e egferr% %%I Y,

t he sanpl es RcursentTframe and \framepd-Y dthe Jimmediately | preeedihabel | ed.
The . frame The dots on part:.c_ular lines represent signal

_ samples oorresponding to picture elements (pixels).
20 Successive samples along a particular line occur at 90°
.phase intervals relative to the color subcarrier. Points
'R S, T, U and W in field M+l correspond to the pixels R',
s, T', U' and W' of field M-1 and are separated by one
_ frame interval. The chrominance phase of points R, S, T,
25 U_and W are antiphase with points R', s!', T', U'! and W'
_'Trespectively. The phase relationship is illustrated in
\  FIGURE 2.

In FIGURE 2, samples from portlons of three
lines from frame J and corresponding samples from frame
30 J-1 are shown. The samples each include a lumlnance
'component Y and a color difference component I or Q. The
t signs indicate the sampling phase and not signal
polarity. The sampllng phase of a +I (+Q) sample is 180°
from the sampllng phase of a -I (-Q) sample. In FIGURE 2,
35 the exemplary samples R S, T, U and w from frame J are
‘circled and labelled Slmllarly, the samples R', s', T!,
' U' and W' from frame J-l are circled and labelled. The



-4- antiphase chromi nance of corresponding pixels fromfranme-to:frame is
evident. Consider sanmple W Conventional wvidea recursive filters conbine a-
fraction of sanple Wwith a 5 conpl etfentary fraction . of. sanple W 7
- (assum ng frane J-1 has been preV|oust subj ected to recursive flltefheg)

I'S

Unl ess the_c financ phase . t he hase) of: either sanmple Wor
i nverted, & 1P 5ﬁp8ﬁ§ﬁ’f“1ﬁaﬂ eoé’fpzﬁqq%q ROnG¥RE | PEELls THuem t he necessity

of a chronfnameetégframavdssem1dentuut Exam ni ng sanples fromframe J-1

FIGURE 2 revels t T and U all contai'n the sane
::'Rrom' nance phase aseggﬁ%pgx\ﬁl\%%@%%raneipn %V?Réi hEs2EQFPFRESHEG be
recursiveI§1£§ﬁ§SnGthanh afplactlors of \danpil e Wewnmmlmg chroni nance phase

i nver s on. coﬂ{ﬁpeﬂéﬁf&hk nf&'&@tldﬂ% %a‘id%lé‘rwﬁegan%ssurﬁ%\% %ﬁ%ﬁg ?e vi deo .

arrangene roduce ke response as fhe conv
recurglveqhﬁgtg?en E%SKFPHEA&%SNQU@ Qfﬁ?Q#ﬁﬁwNetfnlmeyEBg) The

prlnCIpleSUﬂIessdﬁhereﬁrbﬁunﬁna@ pHaséfﬁi'HlfﬂHé'I‘ﬁKH&Equf {ﬁﬂéft'on

depend u respondj samnpl es. uccessi ve franes, representlng t he
saﬁe or Eo% %? ?nﬂﬁeWPgﬁﬁrEEFQE$e (ﬁHQui qmPonante Wit} RRiced in the
si gnal be:panﬂbailprcanceéipdndlE@usammhesnddessitymwflafcﬁrdmﬂﬁﬂnéegna|5

cont a tage. of redundant .information. - Vertically
allgﬁgg sa%%fggsgﬁnsﬁggEQEEVe lines will contain |ike information a |arge

percentage of-*time. E¥fuipdngnsempdesofnon sframe INL.ikn tREGUREE2 as t he
InformatlOfewaﬁgn’ehst%héhgamﬁtlesslzhl glgy, wvol(}q%q;-t hety thend g{greﬁgl on 81;

.sanmple R or T e same-as _sanpl Therefore, sanple R

T can be %mt?yﬁ?@i‘jn?{}?esahﬂﬁé W FamRd@® Warfrom lf@m%e:'nmwr@ﬂum ng
per f or mancehede t S@amp besr mayebei k-EedursSWJJyarddeﬂ%& wistla &aﬂm@rwbabl i UL.J

\t/mhfllt te t he Sa%ﬁ;géﬁ%rgﬁgngh?%m&m ?W%%%a le‘?’h@esaﬁpl 25U or .
S may be‘EUﬁ%tiQntbbatolmmadpaeemy|ﬂ¢1ses is, will such an
arrangement produce a like response as the conventlonal
' comp051te video recurslve filter. Experlments have shown
_ the answer to be yes.. The pr1nc1ples of v1deo recur51ve _
20 'fllterlng for in-band noise reductlon depend ‘upon '_
correspondlng samples from succe551ve frames representlng
' the same or coherent image 1nformatlon, and that the n01se
introduced in the signal be randoit-for correspondrng
, samples. It 1s known that v1deo-s1gnals contain a large
25 percentage of redundant information. Vertically aligned
samples on successive lines will contain like information
a large percentage of time. If the information in sample
W' is the same as the information in sample W, then it 1s
highly probable that the information of sampie R! or T' o
30 will be the same as sample w. Therefore, sample R' or T' .
can be substltuted for sample W! without affectlng the
n01se reducing performance of the recurs1ve fllter.
| Slmllarly there is a h1gh probablllty that the
scene in’ ormatlon in at least one of the samples u or st
35 will be the same as the scene 1nformatlon of sample W' '
Thus, sample U' or S! may be substltuted for sample W' in
the recursion process without deleterious effect on the
noise reduction.

o/



the recursion process w thout deleterious effect on the noise reduction.
-5- One enbodi nent of this invention oper&tes on these principles. Sanples
R andeT and/or S and.U are separately corrpared with sanple Wfromthe
curren{#f'-rarre The sanple R, T_,and/or S havi.ng an anplitude value 5
cl osest™to the anpli tu@%a?ﬂ’@é?-“ﬁ?&ﬁp?@ W’F§ &§¥SntFr°Ph9PP§@GF§L19ﬁ process

in place of sthede p¥indlelesparsamples Rer haantt hhﬁdW&CBI'Oan‘dl Il fae:e
descri bed hereinafter.-wth referene IE% d_enb d| nt

TheT et | oSSR G GOmbEFRRT RS, BARPIECE Bhoh 258 FUITERG, ShaBer ol o
of signal st @heyesampberRt hal' aahd)orf Sé;reU'Rhﬁmngoaﬁl G i tuded vialue
particul & : a , from
field M-l ha;b%ée%%éﬁrans?ﬁ? gﬂ?ife'eu{;é glgh £ ﬁgﬁ gél a%%‘g e%lﬂh%%[%

di spl ayed. 15FeCUFRioR RFOGeSH LRnR ﬂ¢§29 i§a§9 ei ¥'l.y dheppppagatusmto

pi xel s P and x@fbi-m nesi s rPerceDennw283 bespestrypky hAurbahhrihe sHan al
di stance it IS Iace Ijlgﬂ xgl s Rand T on lines n+524 and n+526 (or
ok e

R and T' on 3%’ 1?1 9 Because of - this | esser spacing it is nore
20 probable that pi xa&ssét:and émbodimentsofi the nnirehltﬁbnontuo.mlegel W

e Do S rliE0fes A0 PEGRYRESRARYBpE 30818 Bre BBl "
and E wi || h&kotage xathertthanoal §udlsEsavennt Referetat FIGURS pi xasid 25
Wthan pixel 5, é’f‘@hJulaxT@é“@ﬁ@fthsfasﬂigh)é%eii' let @1 QORET atripngnen field

del ayed signa ] s P an provi de_at |east as good noi se
reduction pr cdd'@r‘ﬂrég aﬁlﬁef?ﬁﬁ%s gf%s%%éffll Mrdr hasi brept trapsd ateshe
del ayed substirits effe k&g, ig. ﬂheFiooainlan a80which it is dEé@Qra ts have
gng fi elr?'%t pl Jtst{ g ’Fﬁe:‘f rlsﬁ!’%glﬂ(‘l%géi?% gsf gﬁéﬁgl aﬁ P;{p ggt >
provi de si gnlr.f:uxeirs Poand Eecouclines n$2a6P| eaBdcanlés In'espmmerla/chyy in
this manner tifézlaf'sﬁuétsﬂ%fafoalgegﬁcéhﬁt is displaced from pixels R
and T on lines n+524 and n+526 (or R!' and T! on lines n-1
and n+1) Because of this lesser spacing it is more
20 probable that pixels P and E contain similar 1nformatlon
to pixel W than pixels R' and T'. In addition, because
samples P and E are closer in time to pixel W than pixels
R' and T', it is more probable that pixels P and E will
have been subjected to less scene motion relative to pixel
25 W than pixels R' and T'. Therefore, a recursive filter
' operating on field delayed signals, e.g. pixels P and E,
U " should prqvide at least as good noise reduction properties
as a frame recursive filter which utilizes frame delayed
 substitute pixels, e.g. R' and T'.
30 Experlments have shown that a field recurs:.ve
- filter which operates on samples delayed by one fleld plus
one~half line, (263 lines for NTSC signal) d_oes in fact
'_'provide significant noise reduction. Sample E cannot be
_ used directly in this manner because it does not have the
35 appropriate chrominance phase. This maiy be seen in FIGURE
2 in the sample array designated Field M plus Fi_eld M+1.
This array is the superposition of portions of two
' successive fields as they would be displayed by interlaced



35 appropriate chrom nance phase.
sanpl e array designated Field Mplus Figld MH .. This array is the :
superposi tion of portions of two successive fields as they woul d be -
di spl'ayed by interlaced - 6- scanni ng. Alternate Ilnes are fron1fheyﬁ

M1 and int | f
be vgptltglﬁ%&gﬁrpﬁe I& e}ﬁgehaggh%sl\/hreplf&%\# d wia ghs | = seen to
sanpl es |nin¢ﬁIVﬁQEngh1@ﬂsaf§°B flPAdpﬁasePWﬁ@ﬁ ?éﬁﬁ(i“ﬁ%ﬂ%?%éﬁmﬂ%s C

- This may be seen in FIGURE 2 in the

‘I.ne n+525.. -The, cl osest

and G In gdiirtdope evéeéiaamlyoslhaﬁeunwat i prEd 68 th Plikdl avein

averaged taq
and sanpl e

sanpl e por

th t f
Ting A HER" cobhe: S0oBE5En 8 TRLEE L Al TMZS A IR o
s Pplease hailtngsample W arel shn@desoﬁ axidnid.ar Im asafmi'ﬁmaml S

Sor e or GRATHLRRAE, SE EER sphehlibh Libi¥e LM ErdEAGSE

to substanttheyhenntelprhuldnrénpnzﬁdefgi raﬁﬂﬁﬁiﬁﬂﬂ Th@n%ﬁ%%ﬁ?ﬁ@anples

are taken

i nformati on

subtracted

sampl e 8- s Fher avexpoed 5 o ]tFtBnélﬂé’sWe%nsarrpl e.

This. W@Cesﬁnpﬁlﬂﬁdé fbser shmillae 20 saimplleow ng amed inmsthé ERR] The
apparatus to erfgég1these | atter enbodinents will be described hereinafter
with referrREUSSIONBIPERBRE 5. One . further enmbodi ment is the conbination

of one or
enbeodi nent .

FIGURE 3 is a franme. recursi

aret pammade §o; sﬁbstlaﬁttlwellm sancel e‘%h%r%h%r}“a% 3¢Scircuit -
connecid Onsc&ABsREARNT Wotel Bddh HlPles desd ondied withl GRS d¢yebd 2.

enbodi nent

fo;hiécﬁgpgghwfgbm a?n{p'l*é%t At gd ah?do &9 D and F

cir'cul t ractlcln ‘the first

The FI GURES

of the color subcarrler, thus, the chromlnance 1nformatlon

| in both samples must be substantlally 1dent1cal Sample E

is subtracted from the sum of samples D and F to yleld the

-de51red sample. . This process is made clear by the

20

25

follow1ng equations. . _ )
| (Y-Q)p*(¥+Q)p = 2Y ()
| 2Y-(Y+I)E (y-1) - (2)
= The apparatus to perform these latter
embodiments will be descrlbed herelnafter w1th reference

"'to FIGURE 5.

One further embodlment is the comblnatlon of one

‘or“moré'of the latter descr;bed embod;ments w1th the first

30

mentioned embodiment. This embodiment”is illustrated in
FIGUEE 6. | |

' FIGURE 3 is a frame recurslve fllter circuit for
pract1c1ng the flrst embodiment of ‘the 1nvent10n In the
flgure, letters adJacent c1rcu1t connectlons correspond to

- signal samples de51gnated in FIGURES 1 and 2._ The FIGURES
'3, 5 and 6 circuits are arranged to process NTSC 51gnals

35

However, it will be apprec1ated by those skllled in “the
art that the invention is appllcable to PAL 51gnal
proce551ng w1th the approprlate selectlon of delay stages.
For example, a PAL embodiment of the FIGURE 3 c1rcu1try

0 f ot
%@g%tﬁﬁggéé&{n 8181 pt B eCHRh BHRGATEE b0 WIS cuieesslr O nance

es nust he substantially .jdentical Sanple E is

more of theal atidd d@xthebe@mbdﬁxmenﬁHQEnﬂxateﬁeaf$$mP1ﬁent|oned

\o/



3‘, 5 and 6.circ¢uits are arranged to process NTSC signals. 35 However, it
wi |l be appreciated by those skilled in the art that the invention is
applica¥le to PAL signal .processing with the appropriate selection of del ay
st ages. \JFOr exanple, a PAL embodi nent of the FI GURE 3 circui try -7-
requires two PAufireReTwd ERIFdandd ¥ ddird Sinde % ﬁé memory
for NTSC sign essin Baseband conposite video signal Ts ap% red to
terninal 10, g& Pﬁ %F&mee emonyh &£ox AKSq signal dthﬁe%SBIQel evi si on

receiver. This signal (Wasebaimlwdmi:dﬂwg,idwtsf%,f I S{éer!eBB »
filter signal Ng ACi t . Si romrru ex
coupled to a éggggg% ?‘nputﬁo Clzf%(ﬁJ a?ig’ej'el’he e%‘r%a?rec 9§ o

circuit 28 majebevisioosyeced vier.t h&hdguatignal [(EH?]lS/\/rtﬁf@léd ste egal i ng

factor and W epk| aa AR f nal Wand t he
del ayed si gnaﬁz gﬁ:r E>rfr gs?aiglc?#\e/el y. fAs\tlcu]gesﬁlcitc# des |p |o oll'mtrf’ﬁ Jc’f‘r"&’cﬁtry

may be found u. Belpyedhsignals Spadrogs multindexery 38 115 cotmb&ﬁlmlaldes

optional notisacéatiedhpak eiff edirci 240 ahe RANGRSE tél
scal i ng facto K.as.a éunct gn of the dlfferenc I'n ma udes 0 S|gnals w
and [err]. Th Déﬁﬁiﬁt Bag °f Gﬁp&'lersﬁﬂttedzé’y JtQi’”t he input of

del ay el®®ent 26. Del ay el enent 26otdl wml-ny%a gnal, QUT, by one

d f Y srrall i nt erval
lerr]. AT FASENTK LESR BR1LNA° daRervd &R by del ayed

signal [err] W%b’ﬁﬁ@?ﬁgthi"—bﬁgﬂnﬁmﬁt isglamads VBCami\d:IEacaie]rayezbrdmgnalb S

circuit 20. |pespbet veLgs, 8l aeRat18d idestslipht si‘gnal
del ay, such tha?pél?g:@: S pled fromthe- &ut put ﬁ:;q I%%vnee%ﬁéG to

t hespoi nt_ [ er?f$Y i bpeﬁeﬁ 3Batent Noo doi24fe e'l-O@y eXdatqui e 2¢ ane
| ess onelhor i abew aintludesnbptishadi mbﬂiﬁilp@%ttefdtlldipl&n%tﬁrﬁ‘y Wy 3thich

The out put fr&ﬁ&ﬂ&ééytﬁéeggfﬁezgf %h%ogggi ing f%ctor_K-as a function of
the difference in magnltudes of signals W and_sz.
The output signal from circuit 20 is coupled to
__the_input of delay elemeﬂt 26. Delay element 26 delays
20 the signal, OUT, by one video frame interval less one line
intérval_and less a small interval tl. The delay interval
1l is equal to the delay incurred by delayed signal 52 in
coursing -through multlplexer 33 and scallng/comblnlng
circuit 20. In other words, element 26 is selected to
25 prov1de a signal delay, such that signal T' coupled from
the output of delay element 26 to the point sz, via
o/ ) multiplexer 33, will be delayed by exactly one frame less
- one horizontal line interval with réspect to input signal
30 'The output from delay element 26 is coupled to a
 tapped delay line 28. Line 28 consists of the cascade
. connection of delay elements 30, 31 and 32. 'Delay element
30 provideé'a delay interval of one horizontal line less
_ two sémple periods. Delay element 31 provides a delay
35 interval of four sample perlods and delay element 32
o provides a delay interval of one horizontal line period
less two sample perlods. The total delay interval _
provided by the tapped délayfline'zs_is two horizontal



tapped delay line 28. Line 28 consists of the cascade connecti oh of. del ay
el ements 30, 31 and 32. Delay elenent 30 provides a delay interval of one

horizontal line |ess two sanple periods8-Del ay el enent 31 provides a del ay ¢
35 interval of four sanple periods and delay el enent 32 provi des a‘..gyl ay
i nterval of_one horizaontal.line period less.two.sanpl e periods.. The total
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signal - S2 to the scallng/comblnlng_c1rcu1t 20.
- Delayed samples R', T', S', U' and 1nput samples
W are applled to respectlve 1nput termlnals of comparator
20 circuit 34. Circuit 34 compares each of the delayed -
"-samples'R' T!', S', U' to the input samples ‘W to determlne
' which of the delayed samples has the amplltude value
closest to the amplltude value of sarnle W. Responsive to
this determination, comparator c1rcu1t 34 develops the
25 "control signal- that is applled to multlplexer 33.

' FIGURE 4 is exemplary comparator c1rcu1try 34 - LJ
which may be used in a blnary signal 1mplementatlon of the
‘recursive filter of FIGURE 3. The samples are presumed to
be in parallel-bit two's complement format. Comparator

30 circut 34! 1ncludes two subtracter c1rcu1ts 40 and 41 to
- which 1nput samples W are applied as minuends. Samples T!
and R' are applled as subtrahends to subtracters 40 and 41
' respectlvely. The output of subtracter 40 is the
difference (W—T') and the output of subtracter 41 is the _
35 dlfference (w-R')'z The output ‘of subtracter 40 is applled'
to a magnltude detector 42 and the output of subtracter 41
is applied to a magnltude detector 43, Magnltude
- detectors 42 and 43 are exclusive OR gate circuits which




be in paral.lel-bit two's conplenent format. Conparator 30 circut 34
i ncl udes two subtracter circuits 40 -and 4] to which input sanples Ware
gppl i edeeas m nuends. . Sanples T' and R are applied as subtrahends to

subtrac{ers 40 and 41 respectively. The output of subtracter 40 is the
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illustrates fzetrd. corhasita ze#eosign bit output is indicative of the
amplitude of sample R' being closer to the amplitude of W.
Conversely, a Mone! sign bit output indicates that sample
20 'T' has the amplitude closer to sample W. In this example,
. the sign bit output from subtracter 44 is the control
signal.
If it is desired to select between, e.g., the
. four samples R', T!, U' and S' on a similar basis, the
25 circuit of FIGURE 4 can readiiy be expanded to accommodate
the four samples. o ' -
~ : . FIGURE 5 illustrates field composite video
recursive filter circuitry including at least four delayed
signal feedback optioné. In FIGURE 5, incoming baseband
30 composite video signal applied at terminal 10 is coupled
to one input of a known signal scaling/combining circuit
20'. Delayed signal's3 from multiplexer 69 is coupled to
a second input of circuit 20', which develops an output
signal (OUT) given by:
35 . ) OUT = (1-K)W+KS,.
where K is a scaling factor and W and S; are the
- .amplitudes of the incoming and delayed signals
respectively. A detailed description of this signal



recursive filter circuitry including at |east four delayed signal feedback
options. In FIGJRE 5, incom ng baseband_30 conposi te video signal applied
“at terminal 10 is coupled to one input of"a known signal.scaling/coanqlng
circuit 20'. Delayed signal S3 frommultiplexer 69 is coupled to a gegond

i nput of ci ' ; | £ _dey ' Loyt put signal, (. . given by: | ERR]
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- incoming sample W with which it is combined in circuit
201, o - . |
The output of delay'element'ss'is coupled to the
20 - input of circuitry 60 which provides several alternative
delayedJsighals to multiplexer 69. Ciréuitry 60 consists
of a tapped delay line including the cascade connection of
delay eleménts?61—65,-and signal combining means 67 and
66. Delay element 61 provides a signal delay interval of
25 . one horizontal line interval less two sample periods.: '
Delay elements 62-65 each provide a signal delay interval
of one sample period. The respective outputs of delay
‘element 55 and delay elements 61-65 condurrently provide
.VSamples;corresponding'to samples P, G, F, E, D and C
30 illustrated in FIGURES 1 and 2.
k - In a first optional embodiment, signal P from
the output of delay element 55 may be coupled continuously -
to the signal scaling/combining circuitry 20°'. _
| In a second optional embodiment, signal samples
35 G and C from the outputs-of-delay elements 61 and_ss are
summed in combining circuit 67. The output signal from
combining circuit 67 is applied to'a divide-by-two. circuit
68 which'deVelops'a signal ¢orresponding'to the average of



ﬁblay el enent s *62- 65 each provide a signal delay interval of one sanple
period. The respective outputs of delay elgpent 55 and del ay el ements 61-65
concurrent |y provi de sanpl es corresponding to sanples P, G F, E, Dand C
30 ildustrated in FIGURES 1 and 2. In a first optional enbodi nment, signal
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aver age of G §h§081§r80tesﬁ@§HQﬂSlve tO the signals P, (D+F-E) and W,
comparator circuit 70 develops a control signal which
indicatés which 51gnal P or (D+F-E) has an amplitude
20 closer to the amplitude of signal W. This control signal
- is coupled to the control input C of multiplexer 69 to
douple the appropriate signal to circuit 20°.
In a further embodiment, the three signals P,
__“_(D+F-E) and the average of G and C are tested in
25 comparator circuit 70 and selectively coupled to circuit
20' by multiplexer 69 according to which signal has an
Y amplitude closest to the amplitude of signal W.
| - FIGURE 6 illustrates circuitry which combines
the embodiments of FIGURES 3 and 5. 1In the figure,
" 30 incoming baseband composite video signal applied at input-
~ terminal 10 is coupled to a signal'scaling/combining
circuit 20" which may be similar to circuit 20 or circuit
20'. The output of circuit 20" is coupled to a delay
element 55 similar to the delay element 55 in FIGURE 5.
35 The output of delay element 55_is coupled to circuitry 60!
which may be similar to circuitry 60 of FIGURE 5. Circuit
60' provides output signals P, (D+F~E) and (G+C)/2, which
are applied to respective signal input terminals of -



25 conparator.circuit 70 and selectively coupled to circuit 20" by

mul tipl exer 69 according to which signal has an anplitude closest to the
anplitude of signal W FIGURE 6 i | | ustrh&res circuitry. which conbi nes the
enbodi ments of FIGURES 3 and 5. In the figure, 30 |ncon1ng basebandﬂ; .
conposite vi nal .€ termonal 10 is to a S|gna
schl ng/ c&%fﬁ'lﬁ ° ??cﬁ?ltog %%%gﬁp%§1g§ PPN,/ elrguaaglddﬁ 20 or circuit
20! The(ﬂﬂmparatorlcrnculzoez i sOutppiteigmad @MGm/ddkayﬂﬁléﬁenMrnlar to
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of which of the signals applied to its input has an
amplitude closest to the amplitude of the: input s1gna1 w.
 Responsive to the- control 51gnal multlplexer 84
20  selectively couples the appropriate delayed signal to a
second input termlnal of 51gnal scallng/comblnlng circuit
20" for recursion. ' '
In FIGURE 6, all of the discussed signals are
shown coupled to the- multlplexer 84 and comparator c1rcu1t
25 82. It should be understood however, that 1n a
particular appllcatlon, .less than all of the 1llustrated
51gnals may be coupled to the multlplexer.*
Image changes occur wherein the dlfferences
between the alternate delayed 51gnals and the current
30 signal are'all'réiatiﬁely large. Under these condltlons,:
feedlng back any of the alternate samples may
deleterlously affect the resulting 1mage.: In addltlon, it
has been determined that if the 51gnal condltlons are such
that a partlcular signal (such as the’ frame delayed
35 signals T' or R') is repeatedly selécted for recurs1on,
- subdued undesirable comet tails are introduced into the
image. These artifacts give the appearance of correlated
noise. The latter effect may be cured by requiring that

~/




I'n FI GURE 6, al'l of the discussed signals are shown coupled to the

mul tipl exer 84 and conparator cjrcuit 25_4,82. It should be understood,
however#* that in a particular application; less than all of the illustrated
si gnal s\phy be coupled to the nultiplexer. Inmage changes occur wherein the
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Summing the X and Y samples, i.e. (Y+Q) and (Y¥~Q) produces
a luminance sample of twice amplitude (2Y) assuming the
magnitudes of the +Q component are equal. Summing the
20 . samples corresponding to points R, S, T and U yields
4(Y+I). If this value is divided by four and subtracted
- -from the sum of signals from points X and Y the result is
(Y-I). The amplitude of the luminance component of the
_ result tends toward the weighted mean of the amplitudes of
,25 the luminance component of the six samples, and the phase
_ of the chrominance component tends to correspond to the
N phase of the chrominance component of the current sample,
W. The signal
o | (X+Y-¥;(R+S+U+T)) o (3)
30 -.where X, Y, R S, U and T correspond to the values of the
~ designated samples, being produced from samples from the
- .same field and which are symmetrically disposed about the
- current sample W, will have a magnitude similar to sample
. W, and thus is suitable for use_in the recursion algorithm
35 when the amplitudes of the alternate frame and field
‘'signals diverge significantly from the amplitude of the
~current sample. Unfortunately, averaging over five
samples in the horizontal direction tends to limit



4(Y+l). If this value is divided by four and subtracted fromthe sum of
signals frompoints X and Y the result (Y-1),. The anplitude of the

| uni nance conponent of the result tends ?oward t he wei ghted nean of the
anpl i tudes of 25 t he | um nance conmponent of the six sanples, and t '
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valuegsof sanples P, D, E and F. foér@BnDdELgyyd recursion signal, () may

be derlved E{ %am%eﬂ% ndx% g@g Ehe amplltude values of samples P,

D, E and F. ,
o ' - A frame delayed recursion s1gna1 F3 may be
derived. from samples W', X' and Y', i.e. S
20 | - ‘F3 = X'+Y¥'-W' | oo (5)

- where X', Y' and W' are the amplltude values of samples
X', Yt and W' respectlvely ‘The signal F3 is vertically
symmetric about point W' since each of tbe contributing
samples are from the same line as point W' and disposed
25+ horizontally thereabout. An alternate frame delayed |
- signal may be derived by averaging p01nts R! and Tt.

From FIGURE 2. S : "/
F2 = [(Y-I)+(Y-Q)+(¥+Q)- (Y+I)]/2 (Y-I) (6) |
and - - F3 = (Y-Q)+(Y+Q) (Y+I) = (¥-I). (7)
30 : o It can be seen from equations (6) and (7) that -

. the chrominance components of both of the signals F2 and
F3 are of like phase as the current=sample'wfand thus are
~ suitable for recursion. | |
Circuitry to incorporate these featﬁres in a -
35 composite wvideo signal recursive filter is illustrated in
'FIGURE 7. In FIGURE 7, incoming composite video signal
100 is applied:to'a delay element 102 having output taps
for providing delayed signals S, ¥, W, X, U and R. The




F3 =X + Y -'"W where X, Y and W are the anplitude val ues of sanples
X, Y and W respectively. The signal F3 _is vertically symretric about
poi nt V& since each of the contributing samples are fromthe sanme |ine as
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signal F2 according to equation (4). : : :
The delayed signal D is also coupled to a
further delay element 114. Delay element 114 delays
20 . signals by approximately a further field period to provide
the frame delayed signals X', Y' and W' at respective
- output taps. The signals Xf,'Y' and W' are coupled to the
“arithmetic circuit 116 which combines these signals to
.. . form signal F3 according to equation (5).
25 . : The signals Fl1, F2 and F3 produced by arithmetic

- circuits 104, 112 and 116 are. coupled to the multiplexer
\—/ 108 and to the control circuit 110. In addition, the

signal W from delay element 102 is coupled to the control
circuit 110. Control element 110 develops a control

30 signal that is coupled to multiplexér 108 and controls
which of signals F1, F2 and F3 are applied to circuit 20".

Control circuit 110 may be similar to the

comparator circuit 34 described with reference to FIGURE
3. Generally control circuit 110 should tend to favor

35 signal F3 over signals F2 and Fl, and signal F2 over
signal F1 because the order of most-to-least signal -
correlation with the current signal W (at least for still
pictures) and because the order of widest to narrowest



*
The del ayed signal Dis also coupled to a further delay el enent” 114. Delay
el enent 114 del ays 20 signals by approximately a further field period to
provi de the franme del ayed signals X, “#&=nd W at | respective output .taps.
The signals X', Y and W are coupl ed to the arithmetic circuit 116 Wich

conbi nes thes als to forn1s o 0 egquation. - 25-
The si gnal% éwgggﬂaﬁac"—%sﬂ‘l%’dﬁ& agf th retl‘gyc' %‘]lt"cu sioﬁrlé’i%tﬁnd 116
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addi tion, f @ I t 0, ntrol
circuit 1f%gf%%%?@§# M?enentq%%g%ﬁSVe op coﬁ%féﬁéu%ﬁigé sigﬁ %% S
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correl ati o 15 tﬁge current signal W(at least for still.pictures) and
because th er of widest to narrowest -16- bandw dth recursion _
signals is F3, F2, FEIGUREi 8Apshows FWW&M%MMWghU ng the
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arit ti 0 n 1 t ling
Ci rc%s 1 é ghiﬁf‘é ég'ggi:%é' g'tzé'uﬁzg Saf{t&#\ﬁﬁ %ﬂ?seﬁg ésc‘ﬁ‘f‘?ﬁ circuits -
121- 123 ar%JEQHhFeB3PoWPR§ the recursion signal to be-

applied to the recur51on c1rcu1try 20",
slgnals ‘Fl1, F2 and F3 are mult1p11ed by the
factors al, a2 and o3 respectively in scaling circuits

20 121-123.  The recursion signal, RS, developed by summlng .
circuit 130 is given by S :

| | RS = qlF1l+a2F2+a3F3 T (8)
where - - al+a2+03 = 1 or O. o e "~'(9)
Typlcally, two of the three scale factors will be zero and

25 the third will be one. However, there are instances when'
it may be desirable to force all three scale factors to
zero, and instances where at least two of the signals:
F1-F3 are proportioned to form the recursion signal.

In FIGURE 8A, the scale factors al-o3 are -

30 generated as follows. The signals F1-F3 and signal W are’
applied to the differencing circuit 124 which produces
three output signals corresponding to the “absolute values
of (W-Fl),-(W-FZ) and (W=-F3). These ‘three signals are
coupled to a second differencing circuit 126. '

35 Differencing circuit 126 develops three output signals
corresponding to the polarity of the difference between a
predetermined value, TH, and each of the signals |W-F1],
[W-F2| and |W-F3| applied to its input. - The convention




cni rcuit 130 whi'ch devel ops the recursion signal to be applied to the
recursion circuitry 20". Signals F1,. F2 a F3 are multiplied by the
factors™err] and [err] respectively in scalTng circuits 20  121-123. .The
recursi & signal, RS, devel oped by summing circuit 130 is given by [ERR|

' : 4 : ; 9 ' ly, 1 f_the
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factors to zefig, igné '1Wi@wdmerﬁl@tpdfa%§t}{:‘%¥i%ﬂesf*%ﬂ s?fé F3 are
proportioned Eg fﬁrgg%he Lecursi n:z naLl§r1 I ég;QQé rﬁ;gsca.ghfactors.
[err] are 30 “CYBA&F té’d.télf Fﬁﬁ‘&/\/&t ’:‘%“Fﬂka. dhala 2| iWREFR W ar e
applied tb thprddhtesembengcahaﬁﬂdctbk%\ﬂﬂigsxwoSyEes théeevgugput ihgngls
correspondi ng to the abgal v W E2) an . se
three signals are coupl %%#tc‘)ﬁg g'ezclégilnc?%i & e"?ﬁﬁég"tﬁ% d'lﬁ“f“g?%&%'g)
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olarity of the1dpbEaiBnee cogbRtidny Fetg(dn p !
'Phe signal s [ér r] e\l Ffﬂ’ir H’ L:er r] W1F2[ err] and I{{% rﬁ%‘gg[néﬂ# %%%?a%%_ to
its input. ThEREORFERPLERY scalf faeder-dinmi: signale qannaspangencexibeeds
t he predk@ernidbidstzbitedTlin the peble lof FTHURE igH) | Sk | Qivdnrls erw se

. . . . ; i ut
Lerm nal s of B tcBTer 21 S0 Rt FS pRntesaet e red o laniter )
Decoder 128 n8jgnals.reZheoseyorsniny thesd qwhmm'{mrﬂw;ﬁe mﬁlf)glt%er/?ty |
Toput st gnal 2‘?%?%?‘25%%3?2??%82T‘%‘efg%%?%&pu B A 15 B 1Y 10
i I\ustrated | ACERRtERAYesHRLY EoREthe. Partd cadiarmsdianpl FH, taybe2 and sgn
F3 repres®nt ¢beplédetopehar ferdbaekalinputl bE 289HR{S ¢ rzd-h.es%f?% s -
I ndi cate thatsi8§aféf55rSH&GF992¥%eEc%2%tT i%SCBSQ%fﬁéﬂ“gfsboéi aré
utilized by programming o1, o2 and a3 to be 0, 1/4 and 3/4
respectively (rows 1 and 5 in FIGURE 8B). 1In all other
- instances, only one of the three signals F1-F3 is utilized
20 ‘'except when all of the signals F1-F3 are unacceptable
(bottom row). Note that if signal Fl1 and one of the other
signals F2 and F3 are concurrently acceptable, i.e. sgn
. (Fi)=0, the other signals F2.and F3 aré selected over
éignal Fl. '
25 - Normally, recursive filtering tends to reduce
_ the bandwidth of signals representing edges of moving
/ . objects in the reproduced scene and introduces phantom
images.: To reduce'these-undeSirable'features,_the
scaling/combining circuitry is arranged to be motion
30 -adaptive. The motion adaptive circuitry changes the
scaling factors K for pixels containing moving edges so
that a lesser percentage of delayed signal is combined
with the current or incoming signal. This in turn tends
to substantially reduce the noise reduction function of
35 the system in the areas containing moving edges. Thus,
' the areas of the reproduced images adjacent to the edges
of moving objects tend to be noisier than the non-moving
parts of the reproduced scene.

are



aécebtably small- for the particul ar signal Fi to be 15 coupled ta the
f eedback input of circuit 20". |If both._signals F2 and F3 are acceptable,

portions of both are utilized by programring [err] and [err] to be 0,-}1/4
and 3/4 respectively (rows 1 and 5 in FIGURE 8B). In all other instaRges,

only ane of the threempmgigt £1-F3 d. id i 24 '(¥g§g§ V@@#h of the
signals F1-F3 are'unag§gp?§%ﬁ£%%$%t€£%¢€§$.&%§%é?§$%ﬂ | _§?gna_ ?ﬁ&and one
of the otheredugratbernusherrofacsdrandem thataddmation adaptiye
o il |y, T R T e hoaT 5 ana
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phant ons i negeeomingr edgnelt.he Thisndasisalberdiesd wies, coipasatdr ng/ conbi ni ng
circuitry i rrang t [ | - t The [ i
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so that a | signalper Bbet ayered lieiffent sigrhat thaomsprodured imegesrrent
or incom nghé{ren%lewe}hggtmafdﬂgﬂ arf Aedd il oY | Aldys T&FURGviAG Noise

‘reduction function o the systemin the areas containi'ng nmoving edges.
Thus, the aP@d8Sef the reproduced inmmges adjacent to the edges of noving
obj ectgotend to be noirpeeiciroarn trfie Ildrustrd el tedd deén tdelecpe@dused
scene. The Eeﬁursbme filteh% descri.hed herein tend to uce the nunber
of occurr erBESt FECLANY HSECEiPRITHT FGHHRY cohibi SRR FeBRe i o

acti vat ed t appedaiatedebyerthoseagkidfladenicthyartsighatirenatitry conbi ned
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Skilled in FRelBFItge Such delpra- LT Be apprest et Y
_ e - In.the claims, the term "image period" is- :
defined as the. time interval of one field of video
information or one frame of video infoimation;..A'delay of
20 "substantially one image period" is intended to include a
range of delay intervals from an image period plus .
approximately one-half of errhoriZOntal line period'to an
image period less approximately one-half of one horizontal
line period for field recursive filter apparatus, and a
25 range of delay intervals from~an=image'period_plus
approximately one horizontal line period to an image
-periéd less approximately one horizontal line period for
frame recursive filter apparatus. A.sample.pe:iod '
_ correéponds to one-quarter of one cYcle'bf_the_color
30 subcarrier frequency or integral cycles plus one-quarter-
cycle of the color subcarrier frequency; '



desi gn, however, that it may be necessary to interpose e.g. conpensating

del ays at various points in the circuit, 15 and that per '
dhe art Wil readily.be able to include such delays. In thiﬂmuﬂm}”mﬂﬁlmm
term"l-..mage period” is defined as the tine interval -of one fi ekd bf wi Geo*

I nformati on or one frane of video information. A delay of 20
"substantially one image period" is intendddto include a range of del ay
intervals froman image period plus approxinmately one-half of one

horizontal |ine period to an inmage period | ess approxi mately one-hal f of

one horizontal |ine period for field recursive filter apparatus, and a 25
range of del ay‘?ﬁéﬂ'@wal s froman inage period plus approximately one

hori zontal |ine period tiq am |ﬁ&gﬁg§_@fé T 1ess ﬁﬁ)&@ﬁd@gﬁﬁg npEd zont al

line period far frane recyrsiV | t.er pparatus anpl e perlo
cor r esponds tgt@né: PSS %cﬁ?e oA NG % Y er

frequency or mmﬂgmﬂg csa:]des:qnipnslmua wjided engna:]l,e sﬁal:tm;,(mimhnm.m;ar rier

frequency. f

data conposi t &N geo Si na| é?.g-fgo?d \ﬁeq édﬂ eﬁ ?%r app !?I ng sal

conposite Vi dé@g@ag}naﬁrons@mdwg/amﬁna% @d’r@@i@ﬁﬂﬁ smnih rdataconi ng _
sanpl ed data ecompRsite Vil Figtdll i BreddtdMiidd prspgbiial v ehmanpl ed

data conposite videqQ signal gl edeterm ned ortlon and neans
et udi g del Bgamganze 1on dele T means  Com e e AR SHYHER R ng
neans for pr osadmsmmyammmsdm eYeRdd iy \saieDd galgnad said
signal providi | ncI g? an I’OVI din pl ural | ty of del ayed
signal s each 33%2&% é’%l%% % Jy aﬁcéllade i mage period
wLh respect pm‘osra.ddrlmmamg mmldsmwmns)rﬁmsunmmdim - gﬂairamtttv each
of. said pluraligt Yeqhvdg! | e conponent
substanti al | ybl n S g@ﬁ y%%g%sg%?r@oﬁwégn}gﬁe% d(?iaggc&]o%m te video
si gnal, and nSpstantially at least one :|.mage period with respect to
said incoming sampled data composite video signal with
each of said plurality of delayed signals containing a
chrominance component subs_'tantially in phase with said
incoming sampled data composite video signal, and means
" coupled to said signal providing means for arbitrating
between said plurality of delayed signals and selectively
- coupling one of said plurality of delayed signals to said
scaling/combining means. ' '

2. The recursive filter set forth in Claim 1
&fa wherein said means for providing said delayed signals

includes means for providing samples representing picture
points which are disposed about a picture point
corresponding to a picture point currently represented by
the incoming sampled data composite video signal; and

-means for combining ones of said samples for
produclng signals hav1ng a chrominance component in phase
with the chrominance component of the incoming sampled
data composite video signal. “



coupled to said signal providing neans for arbitrating between said
plurality of del ayed signal s and selectlvely coupling one of said pIurallty
l amﬁ“mm to said scaling/conbining neans. 2. The recurS|ve ' S
fi | “ﬂﬂ n Claima1l wherein said means for providing said defajed
signdl s 4 nél ufles® means for providing sanples representing picture points
whi ch are di sposed about a picture point r respondi ng to a picture point
currently represented by the incom ng sanpl ed data conposite video signal;
and means for. conbining ones of said sanples for producing signals. haV|ng a
chrom nance conponent i1 phgse ) éé;g{vgc%g*ggpaggg g@gn tc?£ hhe
I ncom ng sanpl-ed data conp05|te Vi deo_ SI . e recursive
filter set f@m@WQMn(gﬁﬂdnHJWWﬁ#kﬁYlQﬁu%ﬂﬁﬂ%ﬁ%]%@?l%ﬂe§l§h§P§1$ncIudes

signal s deri Ry e i al xdﬂ@wléye@@ytamgeéhhamyfbﬁédfieiar val
and signal s delayed by FbStaml ZAé/one frame jinterva to said

RY

i nconi ng conpd qyﬁgrQ%u?%P%Ea?F+?%iYngefgF?ﬂeln
Caiml furt fiertemd]u(tmtimnso 01| xtbdmingi domposital videoappl yi ng
conposite V|deo signal, for providing-a plurality of .conposite video
signals all ]th represent-picture points fromthe same field as the

pi cture point represented by the conposite video signal applied-to said
termnal, ones of whicly éﬁy§¥“ Cint site

vi deo signal -applied to sa| ternlna an %%§§r§$é€mf§ﬁe§r%ndg}gggggln tinme
with respectfﬂ@ﬁhﬁ?(&ﬂﬁiﬁﬂ#@QVldeo signal applied to -said term nal; neans,

coupl Fd t]9 sai d geans nany, ng\edt @&ttlﬁ i&mateimﬁalc@aﬁoappeyindeo o
Si gnal s or roaucl ng a, I nhe a aVvl N a cnro a. cO onen (0]
i ke phase aSORRGRIGH St i {die e Sl PaLEEyoSEP T \J

comp051te Video s1gna1s all of which represent picture
,p01nts from the same field as the picture point .

represented by the comp051te video 51gnal applied to said
'terminal ones of which occur advanced_in time with
respect'to composite video signal applied_to_said-
terminel and ones of which are delayed in time with
respect to the comp051te video s1gna1 applied to said
_terminal , o _
' means, coupled to said means for prov1ding said
plurality of comp051te video signals, for producing a
combined signal having a chrominance component of like
phase as a chrominance component of the composite v1deo
' s1gnal applied to said terminal, . _ :
) o means for coupling ‘said combined signal to said
. means for selectively coupling and wherein said means for
selectively coupling couples one of said plurality of
delayed signals or said combined SLgnql to said.
'scaling/combining meansg”

o ;'5. The recursive filter set forth .in Claim 1,
including. | , . : _
_ means, coupled to said means for prov1d1ng a

plurality of delayed signals, for producing at least two
signals hav1ng a like ch:ominance phase as a chrominance



“signal applied to said terminal; neans for coupling said ' ' to:
,said neans for selectively coupling and wherein said neal]uﬂmmgg'gmtﬂy :
scoupl immg couples one of. said plurality of delayed signal s*oresai d
.signal\Jo said scaling/conbining neans. 5. The recursive filter set-forth
in daim1, including: neans, coupled to ? id neans for providing a
plurality of delayed signals, for produci g'at | east two signals having a
I'i ke chrom nance phase as a chromn nance -21- conponent of conposite
video signal applied to said termnal, wherein at | east one of said two

signals is fo ‘ ondy nj : o all :Qf si gnal's.
6. Recursive %gﬁ’gc?g‘%f‘% \%Eldgg ﬁ%ﬁ%ﬁ glﬁi‘er%r% élpg%g%il}%ds&?s%n%l ally in
accor dance w termipadf, twhexeisr git leasthons Sedd daecsignald tis

reference to EBemaEC BFP-AMLIhiHGAWNeES of said plurality of delayed
' signals.

6. Recursive composite video signal filtering
. apparatus substantially in accordance with any of the
alternatives hereinbefore described with reference to the
accompanying drawings.




