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VI DEO SI GNAL NO SE REDUCTI ON APPARATUS 2181322 This invention relates to
recursive filter circuitry -for enhancing,the signal-to-noise rati.o of video

signals. 5 I't is well known Tn the video signal processing art@
that the signal-to-noise ratio of video signals can be enhance%ié '

recursive filtering. {epghsisteniarl si ' gm@{ hdnt 1@2&2
portion of current vi IDHOS SNAD 199 ﬁb?IBﬁ?y anl¥¥§nf vi deo
signals from 10 previous frames or fields of video sighals. A typical
recursive filter inclyHes dAnViedittitsh eteT®bbsl €6 gelavigiosubsigati ally one

field/ frame_ of vigeo ilgnal . _a.subtracter, a s%aler.and an adder. _ Current
vi deo si gn&FrTE-EE 59EdS ing the isgnetatorprige fatanof ¥idso
applied to simpalsive i nput ports of the subtracter. The differences

out put by the subtracter.ar u (o} calar i i he
differé%ces by a coef??c%gngfﬁﬁhghggptexépeﬂ%[gksﬁgmgg%gﬁﬁgHgg%ﬁe%ﬁfgpscene
content. ThRErY®i ghatdthef sdgnadetambike ayatiioi ado viidemlsifgrnal $ healdo :
storage el EUnidRcEQTBYNedcht il iiPtel fngl 00RERUIBINR TAEE ML dCO
signal which is applied To the input port o he storage el ement. ReCursive
filtering i HRe pe¥PERREdOSN IORTIRING| AeBOSFaAR & HocwiFrehpbidee video
signal s. |fgidmnal tWEtRr ACeemplemeiiDfPEso £Ei6AMBENI e &iGnsd DeakSonl - €.

on |luginance_signal and chrom nance, si gpal s.separately, usj kno

Cocur S0ve Breuraly; BRamREaAn Fimas Phreiast BignRns - o R K TeAl  nan i
t he procesxecurmiver feliter daclaxids aistboraggnelemedt tffor ddkaybagd, if
the 30 pro | (o] ' videg:sLgnal: t ase of the
chgﬁhinancgﬁéﬁﬁ%éﬁegéigipﬁgF_ ﬁ%ﬁbdﬁﬁgﬁﬁedégdg%éégdgé nﬁggﬁtgbsignal nmust
be ™ nvert esubtmactene auscederamndianyaddergnafurxeatestiderdsignalhi s

latter MGy UAPhPedCHLED SilgHAT £k "BhEYEBHoAGEellkndre &paPOsite 35

[
signal differences Tesulting. i, ke 1 ntegration o e_|l.um nance and
chr ontRanc @RRMARA che sTBFPERELVE IR ROFRe of the subtracter. The

differences output by the subtracter are coupled to the
scaler which weights the differences by a coefficient, the
value of which is dependent'on interscene content. The
- weighted differences and delayed video signal from the
20 storage element are combined in the adder to produce noise
reduced video signal which is applied to the input port of
- the storage element. _
Recursive filfering may be performed on
. component video signals or on composite video signals. If ”
i 25 the process is performed on component video signals, i.e., E\
on luminance signal and chrominance signals separately,
using known recursive filters significantly more storage
circuitry is required than if the process is performed on
composite video signals. On the other hand, if the
30 process is performed on composite video signals, the phase
of the chrominance signal of either the current or delayed
composite signal must be inverted before the current and
delayed signals are combined. In this latter mode a
single scaling circuit is employed to weight the composite
35 signal differences resulting in like integration of the
luminance and chrominance components of the composite
signal.
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-2- P.C. Mchael et al. in US. Patent 4,240,106 recognized that it is
advantageous t'o recursively process.: Iun1ﬂ&mce and chrom nance conponents
witj different weighting factors because Vi ewer sensitivity to noise 5
différs for the noise in different bands of the video si gnal frequency

‘spectrum It is an objBef-oMichaed @ferali nidnliSn Patendy 4240 2Q6rsi ve
filter whi cfré@@gtsﬁieaytai;@cs%SQ% S A §eoas eadre%&@ AP ff&EQEE”t S

.of conp05|t i deo 10 8 whi ch requires”a storage. el enent arger t han

storage ele %P?@ﬁﬁlﬁ@ FBF°N&9§Q§Q&99NP?$?QF$ngl@bmﬁiﬁ ereftico
signal s. |n¢é‘tbgmtfﬁ§nfac&beat b@&a@ﬁﬁ)&fﬁk&efldéﬁsitﬁ% &?rndféiefor

I nstance fro first si separ at or lie osite video
si gnal , “are ﬁ%ﬁ%d%?ﬁ Eggp&?tlﬁ?e Ff%ﬁ? té?‘Fﬂiﬁ 5&‘ @ity of
scal i ng{corrtss:rg'mgl cfrequenchaspegtahan. 30 rﬁspectlve second :jnput

term nal s. unm ng ci ggultr ede t e_0 t al

scal i ng/ conbi ni ng ci rcgﬁt é& énpigg%gg %bé %%83 i &p}lor))\ Wi ay

el enent iswplqwiﬂbta secursmwnlﬁghhennuhzqhfsepdrhaglygpmucexx&srmﬁe
signal by aty n

si gnal separa of as | S&I%%gb %& éﬂdhégé%F% ? %ghgggmgke V§%$enent
and hg&png-hutuWhamhsaequurgatpusunaageugkzmqmpe30|icrgammnhanito theI
second i npu qgg? : n
t he accorrpatr?ﬁ% t?Zémf%ﬂéntFGﬁgéﬁ%%a o%é%ﬁig?g#? 1{31'%%531}}% ve filter
enbodyi ng' t IROMRQSELE Yhﬂ@ﬂtﬁéﬁnaﬁFGURES 2 and 3 are block diagrans of

alternative Y/ C separ atn Othézl;bmémMnobnmynbeoaﬁonehﬁplﬁm efigriaide

g‘:: ng/EE él ((:}IJr uid r%%u%:%{ V%n????%.r frOﬂch gr arsn18fna§ns%|otaerra atre seuné)ooldlé?nt

15 w:Lth a composite video signal, are provided to respective
first input terminals of a plurality of sballng/comblnlng

circuits hav1ng also

20 respective second input terminals. Summing circuitry is
coupled to the outputs of said scaling/combining circuits
to produce a combined video signal. A delay element is
coupled to said summing circuitry for dela&ing the
combined signal by at least substantially one field

25 interval. And a second signal separator has its input

Y coupled to the output of said delay element and having
' first and second output terminals respectively coupled to
the second 1nput termlnals of the scalzng/comb;nlng
c1rcu1ts
30 In the accdm'pany'ing drawings

FIGURE 1 is a block diagram of a recursive
filter embodying the present invention. -
FIGURES 2 and 3 are block diagrams of -
alternative Y/C separation circuits which may'be
35 implemented in the FIGURE 1 c1rcu1try |
" FIGURE 4 is a block diagram of an alternate
embodiment of the FIGURE 1 recursive filter.



In the various figures, elenents ‘desi nat ed with the same nunbers :
correspond to identical or functionalT$~similar circuits. The invention mpy .
be' practiced on either analog signal's or di gi tal representations of anal Qg?

5 - signals with th riate choice of citcuit ele suc t he™

“nvent on wi 1 be. ABcRRBoY Al qus el §irEs orhEienia R e fig Ve

el enent s.thefsame ngmeEbGdaE:rhspmndmsothendecasJ g:mlfumc‘b:aombl:gssed for

e sonp LAHLPLE 2L RRLR " oB%: KhvefieN GG b DA Sl 8y o1 P! 10

pr oduces mnana&ogommits ngréigltﬁi aaprlesmmrmrmﬁnmaleggnal s,
m%yyyab g

scal [ ng/co |Qn%§6?[gﬁ trll:"“?érc I'ts "13 and r%&%é{% g?{ ?vg&f@ﬂéﬂeées

chr om narfs® sueh} uﬁhﬁan@aemmml%ﬂgeadeswib]ed( ﬂrfbrﬁm%n%fl una

separ at Orgeer &1 C£GABRE 310 Sif Ak | dPsthef@BNect i ons of scal i ng/ combi ni ng
circuits g_LS and 19 respect Ively. The _scaling/conbining circuits 13 and 19

effectively conbine séerw BB AL nofioBRPrEids e%’tgg?bn&Ps in
predet er rbélqsir@éeeeéal [ 53 mw@chemmeﬁ/sedneedwmwt si gnal s Cout

o 4 osﬁzig”%%éfﬁsr 283ER S, Len BB 10,1 0otk BSRsLEE ) o s

IC gprgg Slc;)rsrﬁgnabmz coupidledy to earmnrélﬂa/]r.]ﬁnaaseplaerm::b . 3I]dexiagh t he

corf espoidtnres cEBeptrhaY, SOt B ERhagR o i Eifames o

fiel ﬂ percqmtsonentageg‘nad.rq:;osﬂ-t e Bigrehrominadceaansl e'lrmm;nmces coupl ed 30
tot

ot nanoC BBeALAE 2258 "%@raﬁ%ﬁﬁ“r#@ B REeRLiBG Lo gure B8 e a trame
recdSsi veckxouitst k3 abgh d‘é%ﬁﬁ%‘?b%bﬂéd b9eaéw ghraminance sands| gned

so that tit;tﬁnﬂ?aﬁéfédcé oaeartdella%m t(ﬂﬁam ‘ctigomd sLappl | ed 1o adder
4 t t |
Suceoed) MFURTREST | dAdenr Er Rl tt@es%% ARl SURIEDLFoRE 48 2) 1

rtron ed” conponent
scallng/comblnlng circuits 13 and.19 respectively. The

scaling/combining circuits 13 and 19 effectively combine
20 the delayed and non-delayed component slgnals in
predetermlned proportlons to produce noise reduced
component s1gnals Cout and Yout. The noise reduced
signals are applled to an adder circuit 28 which produces
noise-reduced compos;te szgnals that are applied to the.
25 input connectlon of a delay element 30. Delay element 30
delays the composite s;gnal applied to 1ts input W/
 connection by an interval corresponding to substantially a
field period or an integral number of field periods.
Delayed composite signal from delay element 30 is coupled
30 to the chroma/luma separator 32 which produces the delayed
chrominance and luminance component signals Cpr Yp-
1f FIGURE 1 is configured as a frame recursive
filter the signal delay providedﬁby delay element 30 is
designed so that the delayed and non-delayed component
35 signals applled to adder 14 and subtracter 20 correspond
to the same plcture elements (plxels) in succeedlng video
frames. 1In addition, the respective delayed component



-4- signals and scal ed signals fromscaling circuits 16 and 24 applied to
subtracter 18 and'adder 26 correspond t o4ki ke, pi xel s from succeedi ng vi deo
fraags. In-order to satisfy both condi ti ons, conpensatlng del ay el enments

may be 5 required to be inserted between the chroma/ | uma, separat or, 32 and
subtracter $B89RA4SARE SHRlel ALINILEy ITORe SERLING Girqwitsr160png ghal

processing &pbhléﬂa@dfbdhﬁruﬁtéﬁ 1®e§ﬁdrSﬁﬂb&emwﬂdbﬁﬁﬁkﬁﬁﬁ&/t@ pigei de
such timng cog&}s t he FI circuit is
[

configured BE¥ F&mr éétﬁ%%‘tf%l?‘?l‘{éiie°d§r’fé§'eél e %‘tﬁ% IF°b§a&é§|f§ned
such t hat thotttebanaitamhstomd@ayedtsngndbaagomm tpapubé&t antial |y

I |ke p| els ccee n | ar C|r uitr or_perfor
conposi To SFRALTACCRS Be Lrashfes BEFPReB) ks kol Bia FroRERYPF
U. S. PatentazpphdcsmbmraﬁnenﬂlakanGQQdaét Zﬁlteﬁﬁ&mnﬂﬁn&yl. Q885 and
entitled (o] [ | See al so
UK appl|caf?o§&3%¥§§§§tfmgﬁéﬁéc |ng conb BEeE%ﬁ¥%ﬂﬁggﬁ%gH@%% 1 are 20
exenpl ary orefegpises theseuineqwihrenents Bodi ®rQvidersueh t he
recursion akgmhi Eh@bm?@ﬂggﬁﬁ oghe circuitry 19 functions as foll ows.

er

Del ayed | um nanc I S subtracted fromincqom ng | um nance Y in :
subtrak®er 20. The Iu%ﬁ1 ERGURE chceirapd tapsl iconiigurrd sag| anfisedd

CDie lrcuiéI i24 ﬁétﬁbswegtftﬁﬁd&ehchéi deéastéﬁehi‘. oWRiiQit i gi”éll @@@iéﬁéﬁgﬁ??ﬁ[ rr]
aye u anc er en, adae um nance erences
o o, SeERatEnkth aved il NG anlakbd HToRAIE: qaRSShaRa B! put

| um nance [sub}staatcleaalyl ﬂeﬂcdnpi*telsqﬂnbmosucberela]ln'&&mw of [err] is

doset bed | RRSRPLARYT BRRCRARY ofof dref FagRinY Sokibarita, Eladfl F739°

succesbSveIyesuthWEUEum;qunq isoﬁesqnabednz@Zﬁetax&nmn|WnS(1rapent|It
there is noapBhgEbt3Th 'SBB9%1 A 0708993, 02103k SRIVEES 10 1985 and

entitled "Apparatus For Noise Reducing Composite Video
Signal". (See also UK application 8615923)
The scaling/combining circuits 13 and 19 are
20 exemplary of numerous circuits which may be implemented to
perform the recursion algorithm. Briefly, the circuitry
15 functions as follows. Delayed luminance ¥,
subtracted from incoming luminance Y in subtracter 20.
The luminance differences are applied to the scaling
25 circuit 24 which weights the differences by a weighting
k;; coefficient K. Delayed luminance ¥, is then added to the
weighted luminance differences in adder 26 to produce
noise reduced output luminance ¥y -The output luminance
Yb'is described by the equation: '
30 Y, = KYY+(1—KY)Yb. ‘ (1)
The value of Yp is equal to the value Y"produced'one
frame interval earller and can be descrlbed in Z transform

notation

is

Yy = Yoz" = (KYY+(1-KY)YD)2"‘. - (2)

35 Expanding equation (1) by successively substituting YD

from equation (2) in equation (1)
= R YK Y(1-Ky )2 T+, Y (1-Ky)%2” 2‘+KYY(1 K.Y z
If there is no interframe image motion, eguation (3)
- converges to

=31+, (3)
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-5- [err]- Thus, the output Iuninance=§%%nal equal s the input |um nance
si gnal . Noi se conponents occurring in e lum nance 5 signal, -however, do
ndt add [inearly but rather sumaccording to the squares of the RVS noisg£5

value. It can be shown th th Lse Qutput_[grr] attendant t

| um nance output is reduCeghby{t Fygé??ojq'ﬁgbiz T:if [err]'Thefﬁw‘Qﬁ

scal i ng/ cBhbsni theciondput Iaminance| aignalcieguals 1thexinputt hat. t he adder
and subtr ' hanged. The interchange accounts for thé 180 phase
change offﬁﬁfﬁgﬂégnkﬁ‘ngg'conponent-fron1frqne;tpffraﬁe. Wth the [err] 15
chroni nance phase dNPASERAMNIRERTSPCTRITING ihsthe bumibangs:er and the
subt rqact eg4 §HAEL | ABweARAN &fdfdt dda t3nkhrily 'b‘h’tﬂoﬁ:a e’ 8{me to recurse

~the signal s"when |nterfrane:|¢§?e notion occurs. Therefore notion detectors
are i ncl LRAESOFALingetre i it eR P Er FREORMS RIS e nealeght g can
coef fici ghé SsHERA RBETOLHY RMS.ndis€! SUBput & SidEtéendRhtothdet ector, 22,

%

| @6 SR MBI RMS nolsé| BUBpuL s ided ect or,
A LGP ST N T S o A

chrom nanteeapd | um nance scaling circuits 25 respectively. In an

al terative enmbodi nent, sepanate_nptio -dgfggg§§? - scale factor ¢ ating
cir?ﬁ?try may bévprovided~jogﬁlhquanap§Y ( I gials. ~This is indici&gg by
t he noti dthelesealingysombiming glocudtn 13Edensiamilant toncircedttord® nay be

found in dkSepBatall 4re/adiidk s subtracter did'UhtdrifbnggRAraling the

| um nance and” chrom-‘nance conponents from conpo e video 1S strated in

FI GURES Thedinterchangecacaunts cEerr fhes 180t @hase wwhangreofl thierance _
conponentcRBymiAkneec donpdiferdt £#6m SEpagad dLrtdirdce WaRHWeHEN 18400 as (
occurs in the 35 recovered, conposite signal, frommny VIR s. The FIGUﬁE’
3 cikTui (SBEORIRaBLs, Phese, di1Earencei thfc addar 14 fipstions as a
subtracter and the subtracter functions as an.adder.
Typically it is not desirable to recurse the
signals when interframe image motion occurs. Therefore
motion detectors are included in the recursion circuitry
20 to vary the weighting coefficients when motion occurs. 1In-
FIGURE 1 a single motion detector, 22, responsive to the
interframe luminance difference signal from subtracter 20,
generates the weighting coefficients K, and K, for both
the chrominance and luminance scaling circuits
25 respectively.. In an alternative embodiment, separate
motion detegtion - scale factor generating circuitry may
be provided. for the separate signals. This is indicated
by the motion detector 15 drawn in phantom. Exemplary
motion detectors may be found in U.S. Patent 4,275,418.
30 Circuitry for separating the luminance and
chrominancg:qompdnentslfrom composite video is illustrated
in FIGURES 2 and 3. The FIGURE 2 circuitry is preferred
when the luminance component may not occupy the entire
standard luminance bandwidth such as occurs in the
35 recovered compositelsignaldfromumany~VTR‘s, ‘The FIGURE 3
_circuitry will provide full band luminance but reguires
more total circuitry. '




qpfe‘total circuitry. -6- In FIGURE 2, conposite video is applied to a
filter 40 which attenuates signals in the=band of frequencies nornally
occypi ed by the chrom nance conponent and produces |um nance signals, Y,
occurring in the band 5 of frequencies bel ow the chrom nance band. The
“conposi te_video signalkn FESGRE 02 cotpipdsiteovddeopiits @ppliadttacaer 44,

t hrough a dei; dyl n or; .t A ay of filter
.40. The fil '?é'?')e‘:(?‘ijl %ﬁ%%%?ﬁ%@gggﬁéggﬂ?%% {0 Iaﬁééegc.on iq#[.)ut 10  of
subtracter f¥egnengies mommigham@c’éamén Kt the shyominance rermpenensite

vi deo si--gnahnhop&rdaiw@s tﬂﬁnfﬁﬁﬁ% r@ﬂéﬁaﬁﬁﬁpweﬁb&rﬂ. Yy Rl e Pand
chroma/ Luma separator 12" is a line conb filter. I n Fl 3 conposjte
vi deo sPgnaPfi £reguencing Keloy (e GRuemipance,Lagg.i z Fie CIMPRSHEE ay
el ement 46, vidéo esiparils carerallso ofouplied €8 one Iwputacifra 50. Del ayed

conposite vi signal from.,del av el egent 46.is _coupl.ed.t.0.respective
second i npufg‘ggﬁ?i 5 %%’ an‘%}bﬁ?u%é %n@ggﬁgt F&E{HSP?'-:;&Z I"'ﬁllfaher 48 i n-phase
20 signal compensates for. thengroupedelam ofnfidder vd.y, Thel anti phase
conponent s, gk @00 'ﬂ.nﬁ%bﬁ-ﬁf o] oduc urg [ Y. In
subt racter gblﬁ:r?-r%%?'e SI gnaeco pé\]é%\tggéa%é{ei 1%%1%%]“ p%ase %o%%nts
sum cok8t r uefi subfnasten @it wherenrthenineingoggocompanent 5  will be

appr eci at edg}Rab-aRitleieIfridie P StéPPiaed 9ghld dProtfhcdeselbt ract er
50 or the S|gnal s fromthe adder 48 and subtracter 50 will be halved to

normal i ze t ABTOMARANCSGAMRANERE §RE 4 i|lustrates another embodi ment of a
30 conposite signal THRC FIGURE {3 | defomafhambkl S¥Baratoy @it is siriher to

L PO Roflt SllearXCl flrbh SESQARLEATUN0 Sttt L [he
circuilsy l8ocapldet taf tHeCuRIpUL dfi & GhBEhdrikzomtadnddnes delaynal from
Chro”allu”aeigﬁgﬁirﬂk,l%ﬂ&;fé&ﬁgé¥k$8 iﬂﬁuts of adder 48 and
subtracter 50. Delayed composite video signal from delay
element 46 is coupled to respective second input terminals
of adder 48 and subtracter 50. In adder 48, in-phase
20 signal components, i.e. luminance, sum constructively, and
antiphase components, i.e. chrominance, cancel to produce
the luminance signal Y. In subtracter 50 in-phase signal
components cancel and antiphase components sum '
constructively to produce the chrominance component C. It
25 will be appreciated that either the signals applied to the
W adder 48 and subtracter 50 or the signals from the adder
48 and subtracter 50 will be halved to normalize the Y
and C signals.
FIGURE 4 illustrates another embodiment of a
30 composite signal recursive filter. The FIGURE 4 circuit
is similar to the FIGURE 1 circuit, except for the
scaling/combining circuitry. The scaling/combining
circuitry 13' and 19' performs a similar algorithm to the
circuitry 13 and 19 of FIGURE 1. In FIGURE 4, luminance
35 signal from chroma/luma separator 12 is coupled to the
scaling circuit 60 wherein it is weighted by the luminance
scaling coefficient KY' Delayed luminance signal from the
chroma/luma separator 32 is applied to the scaling circuit



scaling circuit 60 wherein it is weightgd by the |um nance scaling
coefficient [err]. Delayed |um nance sT gnal fromthe chronma/luma separator-

32Vis applled to the scaling circuit -7- 62 wherein it is weighted by v“ -

| um nance SPoMBRESRRL Ao et Srbd, B3 Bhechn I Al S8 chect i ve

i nput ter rrsqaﬂ.edoﬂ.tmidzan& ,andi thepdeliayed @and Soaliesk Tumtiimancéun nance

signal . Thg uggd ciibed b
the equati onbﬂ?lr r %ﬁln%en#‘%g?etgogg a?aﬁ e%(r#j%é%@fﬁéo?’nbnancey
scal i ng/ cokBBRERFiVEr émR‘*‘E/ terminalssofi adder 58t ﬁ&wmpm@uces the
scal i ng/ cofhk BeNgethiced t]!tﬁnﬂr?an&\étgléﬁﬁlem%@ Q.'im{:ﬁ?énéé‘es

chrom nance i wei ght ed a negativye fagtor ere h@'
chr om nancBF P&ﬁf’i E’é’ &ﬂ,‘#lqli' &S ‘l\eﬁﬁﬁépﬁﬁlei’dﬁetlg’ﬁ 93 %r [err] i s
used here to account for the antyphasr, ¥s(1-Kg))®J onshi p. between cugegnt
and del ayed, chronm _na h ctors [err]  and [err]
may be congpﬁﬁ 16 lt%*fg%fbéov%ﬁﬁ 8% kisésponse to inmage notion
detection as in the FmﬂJmmommanlceeaCalIhg/cmm:mg nebremitrpell’

practyged &g sERﬁl%Q- to" Pr&REQ" s¥hi o5 Wl £ e"e' ops
t curren

COI'T'pOSI te video S naI S. IS I nstance, m nance a

chr om nancb9éowp@hem @:@enﬂaimabtbaastbepdea@aesi ¢hyominance his
chroma/| U”ﬁei&ﬁ%éat B&r Je12 de°ga’@£vé CRAEESE -T&ewqpam{é‘rémoniaaeﬁé and

| um nance sj gnal,s camera.processng circuj try are applied

directly tshmmlgémenwam:amgce#&ﬂsnys aﬁd nfyar‘éls‘fﬁec‘!?m'ymg
Conposi te gadeors l-qna-lxct)r GBlapsedyhébe tomateount oEthe adtiphdse -8

CLA”%% relationship between current and delayed chrominance
signais. The weighting factors KY*'(I'KY)' Ko and--(l-Kc)
may be constants or they may be variable in response to
1mage motion detectzon as in the FIGURE 1 embodiment.

The invention may also be practlced in, for

20 example, a color video camera system which develops
composite wvideo 51gnals.' In this instance, the current
lumlnance and chromlnance components are available as
separate signals, and the chroma/luma separator 12 .is not
required. The separate chrominance and luminance signals

25 from the camera processlng circuitry are applied directly
to. the scaling/combining circuits 13 and 19 respectively.
Composite Video signal produced by the camera is formed in
adder 28.



1.-Recursive filter apparatus for enhancing the signal-t ratio of a
vi dep signal conprising: a plurality of scalg-ng/conbinin Bmﬂl ”ﬂ”
havi®g respective first input termnals and respecti ve see ""
terminals, each for combining signals applied to its said flrst and §ecdnd
input termnals ChApMSdet ernmined ratios; input means for applying, to the
respective 10 first inpyt- t 0 | ts,

. signals occupyi ng substant :ial I gg@%%&?levtefﬁ%ﬁ(} Oﬁdﬁvﬁé”%igqﬁg}}%ﬁéfﬁ%
spect rum of saldthedségaaén§b' ﬁsre@ap|@¢1a)wiﬂap;ﬁxgnﬂltqomprxazmgng/
15 conmbining circuits fgrggugquggysb&n@hgygdqygaﬁb taﬁg f{gduce a

e elene

conbi ned rgﬁur5|vely filtered videaq,Si d o said

means for summi nBaviss HEFREFhd Ve, F4 IS QH§$QQ I An4d, )F%éi%ﬁﬁ
I easlt Zu?st ant Id aﬁéldoﬁﬂe.li.ﬁpﬂltdte&?&hhd_b,, balcherfdr:ambmhglgsﬁnamut
coupl ed to sai e ment and.hayi.ng.a_plural it UL, L &r j nal s
for providing at szﬁﬁgtgseggﬁe§aéa ?&F tp aﬁqudé(iﬂéqﬁj ?iﬂ*ﬁéiﬁ +n
signal s oc?upylngré&etermmheﬂamamabsy excl usive portions of the frequency
spectrum of del ayed comnbin d g u ﬁ?§%§% db
respecti ve ones of the si g%g sltprﬁ%\?lg 3%% ?%g'ajifl@qt g{y#eans subst an ?allz
correspomﬂQKJtofirequbnpytbﬁﬁﬁmibﬁlﬁh@fr§§pdcﬁ0ﬁixny/comb¥pkn$ applied to
the first input é?féixﬂi‘lss Qigﬁauﬁ aeehpp%gomt%ﬁdﬂy ticAi¥ive

respective neans foQr, cou outpul térmnals of_ said filter neans to
t he respective s@%ﬁﬁﬂ°Pﬁp8f gb?n%ﬁ&ﬁyeBFYSEEEQSﬁﬂmrﬁﬁcﬁﬂﬂﬁrﬂ Qircuits
wth 35 the sg9gnas;applied to the first and second input termnals of
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15 ' combining circuits for summing signals produced thereby
to produce a combined recursively filtered video
signal;

a delay element coupled to said means for
summing, for delaying said combined video signal by at
20 least substantially one field interval;
filter means, having an input coupled to said
delay element and having a plurality of output
terminals for providing at respective ones of said
ﬁlurality of output terminals, signals occupying
25 substantially exclusive portions of the frequency
\_/ spectrum of delayed combined video signal, the
frequency bands occupied by respective ones of the
signals provided by said filter means substantially
corresponding to fregquency bands of the respective
30 signals applied to the first input terminals of said
scaling/combining circuits; and
respective means for coupling the output
terminals of said filter means to the respective second
inpnt terminals of said scaling/combining circuits with
35  the signals applied to the first and second input
terminals of each scaling}combining circuit occupying
substantially similar frequency bands.



2. cording to Claiml for recursive filtering of a'Conposite* -,
\m\m W rein: said input nmeans conpr@ses a second filter. 5. means 7,
noe

seépar‘at ed- | umi nance and chromni nance signals fron]saidfconﬁosite"j
signal to the first input termnals of a first_and a second of the,scarinﬁﬁ

combining circuits; and sald fAPPRIAtMS.AGROKAING &0 Flakm/ 1 ufer 10

separator coupl egeé@raiveuERlterendg ¥ aclconbobite Ayidden@ignand itself
having first and secogd output termnals respectively .coupled to the second

input termnal s ¥R®E&HRfirst and second scal i ng/ conbini ng means, sai d first
scal i ng/ conbi ni ng. neans. r esaidi igppht means conprisesiaseécond ofiseer
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scal i ng/ conbi ni ng” eanS™recervrng Fumnance signal’s” from sard second filter
means and sai d céignalsufnomepaidt comoosits. signAlk stk chixshginput] ai m 2
wherein said Secogfmihalgl ofPANTIEAMPANNCE seddtid NOf OHE @41 1igy separat of
having an input termnal coupled to a source of conposite video 25

signal s and haviﬂgmpiﬁépgaﬁér§8é65d output termnals at which to provide
sai d stepar at tedf ch{ (r)]m nagce;gaczjshuai E%g@t g;,\j%w;_s mﬁ-{ghc_{s;c V&'(_;’k(xjtdma/i’hﬁad
appar at us,get for in Claim2.or er.ein eac aid first_an
second sci ing/c%ﬁB?ﬁ?ﬁarnﬁﬁHglesnan5§~§H§E¥§;Eﬁﬁﬁ*&ﬁ#k?fiﬁg;éﬁ%%iay
termnals in preebérentnardpitpeldfi having fiReturand esdcondrowgpappar at us
354 Sybstant | AlunfRaier ELBRELRI6e16° RS e i HEBGHa Enfle- ! O

Fig.4 of the acc ng : : _
terminals of said first and second scaling/combining
'means, said first scaling/combining means receiving - Wl
15 chrominance signals from said second filter means and

said chroma/luma separator, and said.Sggqnd:_
scaling/combining means receiving luminance_signals
from said second filter means and said chroma/luma
separator. = s '
20 o -
3. .Apparatus_acqgrding.to'ciaimhg wherein
said second filter means comprises:. _ f_ _
. a further chroma/luma separator'having an
input terminal coﬁpled to a source of Composite video
25 signals- and having first and_second_output_términals at
which to provide said'sepa:ated chrominance and |
luminance signals respectively. . o
4. The apparatus set forth in Claim 2 or 3
30 wherein each of said first and second scaling/combining
means combines signals applied to its input terminals
in predetermined proportions. | |

5. Recursive filtering apparatus
35 substantially as hereinbefore described with reference
to Fig.l or Fig.4 of the accompanying drawings.




