;e3e$ ! D'"#6. $TSbe+ 1 DI d TAL COWPCSI TE VIDEO  SI GNAL | NTO
COVPO\IEI\FI’S 5T relates to video signal procgggupg@ooa gener al
and in partl cunmummmﬂnmmm% apparatus for separating a 'conposite video
si gnal nance signal conponents. In NTSC and PAL
tel evi 5| on systems 14514 commn practice to conbine video |um nance ("Y")

and chrom nance ("C') signal 10 conponents to forma single conposite video
("CVv') signal for transmission. Aftjer transmission, it is usually necessary

to separate the corrp05| tq, gﬂ nponent parts, |um nance
RN R R )

obtain the lygihance conp@IGNABINTOAOORAINENTY gh-pass filtering the
conposite si gnal to obtain the chrom nance conponent. This approach, while

having the virtue of sinplicity) has the disadvant age of not being an
ef ficieft form Thissépeentianomekatesc ¢ot videoosignal tprosessiigg ins général r ansni t t ed

with the gRyOH rmaeumnwtﬁgftaﬁ% aFdthl Yfor Féﬁ&&hﬁ@@%&hﬁbﬁﬁ&e | um nance

conponent . ch.,better Siﬁmp t1on F I'zed nmeans” 0
filtering idehmighds intg, RanGe, &n xﬁ Eﬂf{‘“‘&é‘PFoﬂ ba‘%?&“%%‘k‘é‘ %nd band
rej ect charact eli NTSE ahd dhALateletibion systemssitpisr aommdre practigenent s of a 2

5, COMPOS 46 e vikd NENORGR! 409! M Gat6ihdck! 0 OERIPT | seo comd

fllterl:ﬁg the co 05|t “ﬁheo Si ]Q? 8‘5???5 rate rom nance ,
corrponé compange B 8i Hige %é’%@f?ﬂtﬁt eeh 2 AEDA cfﬁf)onent fromthe
conposi tetmusmisaognalAfter Ctbaresmiission, Sitpisr aswally umceasurg ¢wnponent. 3 0 As

an exanpl g 0:,.3£P C site signal is
first sanﬁkg%fﬁé%ﬁ%oh‘v’@*a SR SRS sATCIREPRE Kthobn BARG £ o102l |
in a menodymiRgnge, Ande chyeminanas) fora ‘éftbﬁbtfii&%‘ill msﬂssstnaa. ned with the
non- del ayed sarmlxeaewmenmqumethbdoufpwpaadtml cuinpmesomvﬂﬁss two 3 5

conpon t r tail" .conponent
whi ch ?2%?"3‘%2*?%‘14 CHRFRIRIIIS SFEHR *&’Z?’?’.‘@& 9%&‘%"%2003 2 direction
and occupl“@énP(P'&j\SeﬁEﬁie?am%ﬁ/ o chigh-Bagsn fHtert I CBEHH’S“‘Fhe ot her
portion i sighdl ¢esobtaih ¢he ocliroatinencs womponentobTis appryatinewditeoni nance

Signal i t 1 RpcassaiNed Gf gaﬁgmwehag”&%d @9haB 6K GloiiGefthe verti cal

detail signa onpo one e remel ni ng separ ated conbed
chr oni nand@® €&fipisnst formap b&ep@mmmc&mwtyecmpﬂ@&p \ﬁigllﬁtlfﬁe conposi te

vi deo P @nednsmitedd awitht el ¢htdiaNfehceo Todmsdient Sspectralty | um nance

corrponent t a d [ QM nance corrponent
the lum naﬁg%d%%{%p ﬂ‘éﬁt{ gﬁ) l%g‘@&[ﬂﬁg%n%%@gggﬁgp w&chﬁrz%rﬁqnance band and
combed wi tS¢Paratien anppnbe areadizednbly amenns o0f wombifilteringnteghnifiese si gnal
spectra. ISudls ﬂillftml l&xhﬁﬁ@gp&ri@&ict bahd-pusslean&ebdml refEctt ure content

condi tions Vi rat,or neral type
descri bed, hngwﬂe ) 8"%0@%\\ cﬁn ggg@#& o%rﬁ‘tr? Fﬁ; &teﬂf's gﬁeg‘pr esexf
i nvent iZ® Gogngoal&t%analo Qnet method m:,feappbfma @mgbt eEiBEp GOMPEISES deo

si gnal sep@dmbomuemn\ghltn@ ¢otfipogité arded csighal rtedolmih d\sepagited for

accor Sé'né‘%‘%oﬁﬁﬁé@cﬁeﬁﬁ%ﬂ?“ b L SRR tpésgéﬁase&?’i cthe
conposi t e GhresHnARgetcampanent dromr the dlompesitee yiden ctigark den-abine
conponent . thd SSepapatedC dhmifbned n@oxﬁﬁbheh@ provi ded for renoving a given

nunber Ieast L gni f| cant, bi,ts o arat ed.chrom.n e nponent to
pr ovi def nodi fléﬂ a1}, 3 mple e 40 c?mé‘(gﬁ@ﬁt POSItP i %%J&Baa‘ﬁ ﬁbtgg of bits. A
conbi ner coompnsite t signabripofirstesampled sngnaonwmbd tthedigitlf fagan.chr oni nance
conponent 4gea Pfixﬁ légl ttﬂ@nsﬁ ?@aeﬁ) rfh@ﬁi@ mﬁée&éla &@ accordance

wth a first a |nv ere, oVi ratusfor
separating gng aEIF §B‘t’rﬁ8§§1f’6 Q%Bb’é} ayit hoﬁlg%s'i‘?'é iac)ge@am gnal

into a | unsamples tonprdace i) oatphitasighabrwvhichc eomprisesetwo (C) Corrprl si ng
a sour C?S(&élﬂ'ngfoﬁ[an&r Oéhg' 89 ﬁl@' go{ill‘p?%,ﬂis §8 ?eﬁea""\ﬂﬁﬂc&! Weadil'( CV)

i ncludin hrom nanpe conmponent (CO);
a chrom naﬁ%@P@inQﬁhl wh&ibvr@pyemq el,unyg@ncg téb‘uﬁ!‘e@l vertical 4 source and

havi ng an out put (58) for providing said separated chrom nance conponent

(©; and a binary subtractor (80) coupled to said and to said chrom nance
filter (20, 30) for substracting said separated chrom nance (c) fromsaid
conposite




22 July 2003 2a video signal to provide at an output thereof said separated
| um nance conponent (Y), characterised in that said sepapap@g 2008 om nance
conmponent (C) is coupled fromsaid chromi nance filter to said substractor
via a symmetrical rounding unit {100&; 100B); said symetrical rounding

unit ( 100A;, 100B); said symmetrical, roundi ng uni{ (100A; 100B) .reducing
t he nunéé‘?ecé'forb?’t‘ OSLUBLESY r§8t}8¥18{eéob%lﬁ%ﬂ?%ghl‘%n&ﬂﬂf&n%ﬂpa?g?z’@uch t hat

Sy e ¢ I ePOftelr it ¥ ARA L P PYRHO R AR OLi 301 ITEIYRALBARP sromPONEN

(C) relative to'a binary value of zero maintain 1ts symetry after rounding
for redebromivanensignay ibis nacessaepdodibdr thercnarbeel signpbterixc{ige t o

exhi bit gcontouring when, di spl ayed. The foreqoi.ng and further features of
the i vt VGRUIGHodpiai L Signal e HRORTIE. QRSSiHAyF g e 40F RGP ARG n |1 ko
el SNt 5e30kte € AL En Vil idifee 6SARBRER! G HELGbRacARAL) N Whi h: Fl GLRE

1 is a block diagram of apparatus, ehbodying'the invention, for separating
a di gi t @bnmdinpdsiith thedmmposgitalvidet cignali tvaokb@iante dhminanatice conponent s;

FIGURE 2 is bl ociksdi%g amillustrating a k omn{mthq(.)gg of g -5 bit reduction
by trunEqEIRgRent: Sin miRaNcE SOMBRIGRD SIS PY SEBHFCHORdi 11 cat i on
of a porifitae RipatdtedesHrediinBite Qonkp SAdH, the Thidiiare A ohPoakat kil er

diagrans illustrating operation of the conposite video séeparation apparatus
o

of FI GURE uncanpedbrivw the ¢hromimaace hiand arnd ggnmbad withinrthei ng five
d i . i i i i 1. f h tus ' of
By oune FrogitipFRrBEAd B AbEEAqRs Ghihe iANUplihanG, fadi BRRAS BL LD, O

filter outpuflt$s gepdinviglcogaizettthati wadet cartadn tpiciredrinment 10 conponent and
a chrom nagce cog,onent for the five assuned input signal conditions of
FI GURE sondtiienmedigital compagiteyidee st sersantaregtthe genaraktyrg i ng

chrom ”%%Eériggg?ﬁ{ﬁ%eﬂﬁ"@#ggﬂ't ‘h%%e?ﬁ@ﬁrca&rﬁguiirn ff@@ts‘.’e[]fﬁélgf’%gle gtail

conponent an ction or the apparatus o RE 1;
FI GURE 8nventaopiixelirgtitadrammedangvedeéd dor lal Ggikal Tommplosiké wsdemt i ng

separated chrom nance signal val ues produced after bit reduction by
st rai ght181HERAT BT Wﬂ‘%? &%%ﬁengleé@ﬁésgeggcﬁq um nance signal ~di agram

e L AL Sopar AR08 o ABgErOEe e Tor (he
composite, video input signal, in accordance with the invention,
comprises a filter responsive to the composite video input signal for
providing a separated chrominance component. A symmetrical rounding
unit is provided for removing a given number of least significant bits of
the separated chrominance component to provide a modified
chrominance component having a reduced number of bits. A combiner
combines the composite video signal with the modified chrominance
component for providing the separated luminance component.

In accordance with a first aspect of the invention, there is
provided apparatus for separating a digital composite video signal
composite video signal (CV) into a luminance component (Y) and a
chrominance component (C), comprising a source (14) for providing said
digital composite video signal (CV) including said luminance component
(Y) and said chrominance component (C); a chrominance signal recovery
filter (20, 30) coupled to said source and having an output (58) for
providing said separated chrominance component (C); and a binary

subtractor (80) coupled to said and to said chrominance filter (20, 30)

for substracting said separated chrominance (¢) from said composite



bit reduction by nmeans of straight truncation as shown in FIGURE 2; FlIGURE
10 is a pixel diagram derived fromFIGURE 7 and 2 5 i”EﬁUﬂI?tzbO separ at ed
chrom nance signal values produced after bit reduction in the enbodi nent of
the invention in FIGURE 1; and FIGURBall is a |lum nance signal diagran
derived fromFI GURE 10, illustrating | um nance signal values for the five
assuned vidgaatigaahtn provislectt s cuRRtstheneo Hprisl seuprated hemdnancenbodi nent of
t he i nvept.| ' 1 Fl i S i aqr further

exanpl e é;qlhﬁﬁ%w%&g\]&g%a? %eflsgéggir é‘tzqtric’galg S%bg%&ﬁ %‘gﬁ-ﬁ@g‘?‘[’%g{vi deo signal
into | ungsrapoge@N(CY ¥ 05U pRIICE o@D BRI EREcm Rithdenfilteditogasy mret ri cal

roundi ng using sign-magni tude processing; 35 5 FIGJRE 13 is a tabul ar

di agr am Btosiractanyiep syumaeteal rqutipgunig (100461 0Qeeid cal rounding in

t he exa . : Wl Q TQe - hiti.rgunding with
5 er o0 RinbteiGhlitimaing e AgBRIA dorh; g Bufingulaldaibg Nl 2

t abul ar whiagn80Aqf1 0By sethfodng fthaaiumberd bf bitsrof said Separatad’ symmetri cal
roundi ng .in the exanpl e of or a case of , 2-bit rounding with 3

5 FIGURE 1 f
zeros di%@%&aﬁﬁﬁw%?ﬂﬁ%(cgﬁ%&ﬁ#@f symopeigic pppitixgandinggadiveat es an
exenpl ar | i a rJd o | A a1 Q% 100k B LQN" unit
100A enb%%@?ﬁgdﬁ%f ?%\92%1}%@6’?@%%%ndog’g%??%gmtgjn%gp%etgg% tzli)tnirln g]é%%nrrposi te
vi deo 10of mena nsiigtaah itnsymimetryafte mmhdihg dot mradgeingoapendmay oThe
conposite, yideo signal separator 10 of kI GUR .conprises an analog to
Qo tal e perstsl B e ReR Sortrp et (Lo eshitif CPBePTREEEN anal oy
conposi tgsyl4eQy i nput signal to be separated into |um nance and chrom nance

conponents and 15 having an output for providing a digital conposite video
(CV) output si Ghalfossgoingl amt fantherfgatugephpf $he dnweutiporareAl so, for

pur poses; J raftl i 1.4 su ty. C S} i deo
signal i émé#rlfl{?? #\lh'@% g?%%éggygl&gf%\gfngﬁ &Hiﬁ%ﬁlé%%gﬁlgfgg%a%ﬁr%g rate is
equal todtnuted bydskd hefelewenienapactérst Rddcial whichtbcarrier. Under 2 0 these
conditions there will he 4 sanple intervals for one conplete  color cycle)
2 sanpl e i nt el&TUREGL AP @ Bloskrdiagram %EPE%)‘I%P%%P@dXh%B there will be a
total of; : [ Ne. 3;A; ] | i o El lis
that a ig%ggééggqhgéﬁpﬁl%rtLﬂéaga%ﬁn?w:ougﬁ ﬁp%lyﬁégdag%ﬁsﬁ%l%ﬁﬁu er beside
it indi catbeschroatinbhee 2c&mpionentss a bus and t he nunber indicates bus
conductors (this i ndj cates .the nunber of hits per sanpl fier
conversion to di g:i:ltléﬁj#g%s %’ﬁ‘éc%gha&f?m é”wtaét}ngiagﬁaPW eéﬁé%pﬂ%i:{ad to a
pair of ls prafeddictiohaby kidd@iRHm0 and 30 which produce the chrom nance
conponent C fromthe conposite video 3 0 signal CV. The first filter 20 is
a one line (1-H) conb filter in which the conposite video signal is applied
directly to the mnuend (+) input 26 of a subtractor 24 and is applied via
a one line (1-H) delay (e.g., 910 sanple intervals or clock periods) 18 to
the subtrahend (-) input 22 of subtractor 24. By subtracting the 3 5

del ayed conposite video signal CV fromthe undel ayed conposite video
signal) the subtractor produces a conbed filter response



5 having the periodi c passband response as shown in FI GURE 4A (not to
scale). The conb response of FlI GURE 4A exhi bits peaks at 20ddiyabsi pl es of
one half the horizontal line rate (e.g., Fh/2, 3Ph/2, 5 SFhl 5 etc.) and
exhibits nulls at nultiples of the line rate (e.g., Fh, 2Fh) 3Fh, etc.).
Thi s response recovers two signals fromthe conposite video signal CV. At
frequenci es centered about the ,col or subcarrier frequency, the conb out put
signal conprises mainly chrom nanceg conmponents {Cl) substantially free of

| um nance 10 c LA equenci es | ow.t he |1 ower, band edge of the
chroni nance si Sﬂ&%@ﬁ§ thé {?ﬁg g@ﬁﬁ%ﬂ‘ ‘i atiagsa edificatien ffoAl y cal | ed
t he "vert pottiomafathe' embodiment of \FIGURE e | um nance signal. This signal
conveys i nf or magg i N ] ' t d contains
casental Ly no TIODRISSHAS drerBiiel dispRarpd TRERERE dlsGhuttf &

chr om nandke compRfite videshspparasione ppparptusd &f aBFIGHREAl: conponent (VD) from
Lhedcon‘ﬂ fil FGFFPGUTRBTS e ar%ﬁ@&ﬂdp‘tigli@ia'?ﬁmﬂqmwmﬂg.tﬂw@e st agei 30

and- pass, ni e, ul.se. respo | ; Vi n.inpu o]
whi ch the?&% i é@i @ﬁcﬁé%"ﬁéﬁcgﬁgﬁd s@@i 8@%“%‘8?‘3.? sitgga RPYENS, vD) are
appl i ed. PfIRHIGURE leonprises a first adder 44 having a first input 34
directly coupl epIGURI® idAUdiaptad) defive@ RO FIGUREG, Colpdtealidgd the i nput

32 via a seri,e onnection, of .t del.ay, ekenment 40 and, 38) .each having a
dot ny of. COE HEAD SEpus Sighal VElpsS RENGIENEL a oVt TG an g by
conventli®campaitent r and f orchrominanee ¢comppnent for thegfivevessmeshent of "2z

si gni fi es japut [ ohd | 8f PFIGURRI 5del ays. The del ayed signal at the
conmon connect | ags 3&. and 40, i.S ti pk’!‘ﬁﬂ@/ twﬁ in pultiplier 50
(e.g.) a one bi g ) AR aPIRerl. OSIVAG Lo, _@J)‘_ f‘ﬁﬁ%‘}m%f a

subt r act occh#émihamde Tdnpomentasignal hvaltitesageparatetl rfuomi ghe edertiopbal from -

the out puty 0 ' ApfioRa i09RdRELidN, €6F 1tHE dgbaFhfusf bfter 30 is
provi ded ti%iﬁ&l é?ltﬁggﬁ?%tfégg B%/loanioag%er 50 kllavi ng a ?ir ta #nSuP 52 directly
connectlel lout put of subtractor 46 and having a second 3 5 input 54

coupl ed to the FIGRUREOS isbpixaltdiagrein,y derived drom SAIGIREJIZ| and el enent 56.

The conbi ' ; t | e t 6 nd adder 44
RRRY | Iphidph HIRElAeC LAY sulvs prifuted, dRep]

fornms a fir.st Qa S \

subt r act orblﬁtfea}‘i’ﬂogﬂ‘@'fﬁ“faéshtbmcﬂggg 5 I"t‘e#ﬁlt’]gﬁks a second band pass
filter. The thi RIGUREe® ist aghiminanoe rsigndly diagttem, Siprived fromay el enent 56)
chr ot S CIQURE ??)?‘?‘e39%%‘3%&“%%‘%%??@%%%5?R??‘E‘EEQ"Er Fricient to -
renove t heASBmed: s1gnad¢an 1@9%&1’«3%&0 uﬁe‘&?‘%ﬁ thsnBSSUmRUOn Qf and so t he

chr onmi nanchit aietipotioii Gy ahesins qfr ostuaighit atundationuvpshovin idEIGERE s free of
significan. | um nance vertical detail 10 conponents. FI GURES 4A-4D

illustrate the nposi t.e video separati.o r F) GURE 4A
illustrates t he%&g 38c'(§n% pixek éFa&"%@pdﬁ%"Gf&P\% ﬁ&ﬁkﬂ js apdeyi ousl y
di scuss2f. ilkisGdtngiB sdpasatedatchrominanpces sipnald valudshproducext #fferhi ch
rehoves t hgs.v. i tel | tebar { fid 20

| eavi ng onﬁ; chgﬂ’rho%?rg%geetﬁg()%?f‘aggs oehaﬁﬁoﬁ &Eﬁ% 1'U}atﬁlamat ely,
as will be expl FHEHREMd, is iniluminanesnsignal diagrsm.adesived froa®nni ned with
the conposFIGUREeN0,s ilfustiating londasesd isiirlal velues|foi hhecﬁwem nance i
conponent hoof t..a ustrated in
FI GURE 4D, 54}“&%0F?§5é&ﬁe9€$%88§§,%¢r§1@%% g SRR B | yoo s gnal v
to obt a3 A embodimanteof thee inveption iin Elﬁpgﬁgéd to a total of four (4)
arithmetic oper aRIGURE A i£626Rck diagbraﬁn‘@ffd FiRther? @xampleldfaghed and

direct compeRlhfon €5 scpathihg E°hgiATPEERBbEs ViALS signal into
luminance and chrominance components and including
symmetrical rounding using sign-magnitude processing;
35 FIGURE 13 is a tabular diagram of a transfer function
illustrating “wide" symmetrical rounding in the example of FIGURE



2 5 "extends" or increases the nunber of bits of the resultant difference
signal by one bit since it is possible that subtractor 242nmpy Jpogduce a
"borrow'. Accordingly) the conbed chrom nance signal is 9 bits wide at the
subtractor 24 output. This is signified in the drawing by the "hash" |ine
drawn through the output bus of 3 0 subtractor 24 with the nunber "9"
witten beside it. OQther signal buses are simlarly identified as to the
bus "width". Some signals also include an indication of the nunber of bits
concerned. In the FIR filter 30 theé chrom nance conponent is subjected to a

total of IMoeeaadaséheﬁtzJ-thommai REith NS aREes didposedSabowt alpaind subtractor
46. Each s&&gﬁé&_& ﬁpﬁg tlﬁ@ s another bit to the chrom nance si gnal
because t 0 ?f duce 22 July 2003 7 either a carry (for
adders) or a bdfkGWRE d# sleartabuhrsdlagmndlfdang‘nygfer Hunetibiit conposite

video si gfiplstaRitlg e‘i’lafrﬂ)\ﬁ‘o’?&nfuhhhféalzﬁ’omfdlngxh?”dﬁd exhifx ??f;" ;f tsla?”f”he

after t traction econes

firet aadFIGHRE 1 Fandr caseyof TR sondinz oy ithadcrord 4}&%&9& ABAY 1. i ¢
signal due paoint hef spmmetry (POS)ction in subtractor 46 and finally the fully
filtered chrom f t he final
addition in adméfhmhs?ﬂﬁssﬁg\%ogﬁ&#& %ﬁgﬁbﬁ&%{?e&g:& nal. from8 bits
to 12 bit §ymanerica armPB ey 95 Ritef “icé'@nt thﬁhrIQHﬁneFﬁE odyiggal 10 by a
factor of tise iheemti¢d 6in ahaapphcmmtﬁo; wﬁrmngdaa@mhpoam ovided t he

nvent e I §sis
Ib:/t rg%}:e@h sﬁ%ﬁg@fﬁ;ﬁw igi?gid;{% ;%i; q‘(}nvertlad by a 10 bit
D/ A converter 62N u to out put

term Inal Cémpk fsebuannamﬂfe St@ﬁ%itale(AVBDYCdxﬁwltheMdhiwimgeah Mp\nbm nancle

si gna e i e ct.jon Si e
t?uncatl 2“ §§£r r}g%%lggrgé gﬁ#oﬁt ﬁéﬂ)ﬁo&gghﬁ#ﬂ ’fl@;rut é}lkgir}gqgrééent sya p?gbl em
wi th regasapatedcinter }umunmm chieminangen cosappeerist andt has been
found H@%a&h&g'dﬂﬂdﬂ@w’@féﬂ Previding 4 aligital Copipubiee videte(OWp! e vi sual

chr om nanasiaft, HedHiBe B@gﬁmﬁt %ﬁi‘& F%%ﬁ@‘{f{’ﬁ ?@%3&9 RUERKE  nose

chrom nancoéltg
artif act s,ofi Hiusseatian,cnwillr beggssumesiithatp the compesite yiden Higpdl i mages

h?w nghveriy 60\thé UNTST aeariided carid thaenke AMt éanvertardsmapling2rdieExanpl es
of such si a a ires
educt 1 on 16y S99 °fe O tﬁ'ﬁgdﬁh n?'%gxeé’fﬂ’ {fa % GUBENuHCRRILE Vnltet
- (8-bitHOd: esmecomlmgsst etg il ample sintegy 9(65@”%(9%[’
chrom na?%l@@'@@[@nﬁ §dlﬁﬁlel?ntbt¢t€lst lﬁl@'d@-ﬂhﬁh@ﬂblﬁelnbbnﬁ'uﬁailﬁl g\r/l)éd)DCI ﬁ 0
cocor danc A Shecdwill bk o€ d5%, 8¢ 10 philes ot G R, dﬁ%*”éﬂs% e
"symmet ri ceanviestioni need int FIGURE df s rthabgnidScdegree: haske matk dsaws of
Condency. toroRtt,  ing aid hafitiey 8 e besite T indicanie iy el 22
July 2003 BIETIHTREF e ytybe 1BHealS, ks, Sndd RO 885,
"truncat i cindicates uthe instmberc of bbids bpelFISBng)le) al. in their US Pat,
4,589, 084 ont {1 £RoAPRARRHSN-F AAFTBLGALIK T EB%};@% ieNGi oD sBeEPL ENENT

Bl NARY SI S AS SE 5 WT | whi ch
i ssued 13 ey 1§ pRplE 'C‘%zn%J e PRIL; A lé‘%eaﬁl%ég}ﬁ’g?il%%s y?ﬂ%la ?vﬁ runl:;tlon of

two's conppm(hwe thearghromihence |®mpmimtrrﬁj fn}fnsthq)lqomwm alidgot he LSB' s
of pOSIjb\/iﬁﬁi g&vcgﬂ% g’ff_tag‘f@ei‘glo ‘?Qea oh@ Htlﬁ@ fH)‘%‘nﬂSj filesaid ve val ue when

any one of S iS a aratus to
y r GAWPOSYR VH@OUG&P l""l AppHad n&ﬁ?‘/‘d& Wgh?ﬁggt AND gat e

perform an
and an N-i mintefR @9t inputu26 ofh aasubtogetoe @4 isndr & happliednpiee boe is

suitable fQpe Uffl_;?? f’a%p'&xggfgipp?%hglec%%ewhﬂdbp%lbgk ér%@si)c tEOA s

separation app rical  rqun
the subtrahend (-) input 22 of subtractor 24, By su ractmg

35 delayed composite video signal CV from the undelayed composite
video signal, the subtractor produces a combed filter response



15 shown in FIGURE 1. Symmetrical bit reduction or rounding) in the exanple
of FIGURE 1) is provided by rounding unit 100A. As an overzéif&é%dog this
unit an Mbit (e.g., 12-bit) chrom naace signal) the MSB t M nd an
integer K (e.g.) 0111 in binary) are added to 2 0 produce a sumwhich is
truncated by N bits (e.g.) 4 bits) to provide a symetrically rounded or
bit reduced digital output signal having "N' fewer |east significant bits)
LSB's. The MSB nmay be applied in t;ge or conplenmented formto the adder for
sel ecting wi de or narrow roundi ng des having different nunbers of 2 S
out put zerhawing shespatiotdioupasabal mespeinseyameshgwhoin FIGURE #Aput si gnal
i gl ol ol heC BRI antod and £ his bag been found Lo begiiective in
reduci ng | urr{ nei;@é %‘?‘B aleSPRRS Bgré@jRE&iﬁ I"’F‘Hi@étsdeg%l?ﬁ BE(?.d%B 0 In detail,
in the exampltiples dfl GhRchdlf theuhotizontahilinel @8 ¢mgpr FREs 3FHR2,bit ful |
adder 104 5)F1ﬂ24e'96? dnid'@ i@”ngﬂ% tat LRl sao#f’itl‘i@rlihenk'&me{e.grdﬁias source
102. Int eppodf mept e 12 bit chromnhance ,conpopent ovided by filter
30 and a %» ’ Gﬁ%g WE]FPO@FSROé‘Segf,eCBV‘aESt 5‘1"0"%11&2 &Wﬂar‘ €"0111" in
bi nary) arcomipssinpides! signdlh€\addantfrequencisgesetiterefuabowt! thedddlor 01. 1n
2003 5 o oacREart Pl g SORD Bilpuf | MbHSF idcFundscs BAREL i gnai i 2
appl i ed t occhreeisanes -¢amponents ofChsubstantialy, freqrfe duminangs ch) with its
ca(r]I _r]y_ ogO)cmpynaﬁs. At $r bnéﬂ%&?ﬁélwgtﬁesl@m -baﬁheedggwrof, tthtSB' 818; t he
nmodi fied c . e ak _are. tr e - D ngat or
t her eby pr%&‘ﬁ@“ﬁ H%:ﬂ?i%ﬁ?h 9%& qlggﬁﬁliﬁgﬁhggﬁt%&% signal for
uni t 100A.c<anmoe§y e ywertical udetaill oopmpon sOfdéied to the
;:Er omhnanpmxﬁinﬂﬁaé ﬁgﬁi\lﬂlgfTgﬁnﬁigﬁia@ail:oﬁ\%y@dit_lmrﬁQﬁﬁﬂdlﬁégatrﬁng gﬁ‘f‘ff" «'it(r) ity of
e chrom pance al . sl i1l e
(deci nallbls"gn'aqgalslhgﬁp%‘;%ed&éﬁw (‘J"b?ﬁ? R/E@‘ai‘gﬁésﬁ‘?‘%%ﬁfh ocarry-i n of adder
102 is zehrpmimance eyuormatiaunperal. a val ue of "1000" (decimal "8") is
gfffcl:g i ve:jy ?‘f'?ego St'egeegf ft_ﬁ{s'\@ﬁroaﬂ?ﬂ,ghtes é%nbbﬁeﬁtara'ldné,nlthﬁ v?@_dreﬂ 181 WIt I .
syrmst 11 caffe ik steal CAraSheal (Y rpF helporh HiSt JE e 2o OORCE S
the tabl esreshovedsUREBis 3s adane by whilgnei staget band-pas.déinitendmpnlser ow' nodes
G 43 e R e e e s 50 usi ng t he
appar at%g> 8#%“9"&60%‘84 Jerue n&?ta‘pe%“?isr 393 %g%)gﬂfq f?p?'ggﬂrll. Col um .
(a) |ists Filéed 3Pucomipgises dinsesadderoé4ihaving Golfirsh ippyt Mows the binary
i nput si gnaireeslg' Yo eaStot S@H% ngur;fm @lza%hawa seniBhiptt 86ccdiipléd ol Nput

i | . Col d f ki t th ityde of th
L2020 BTl 3 SEE"Y Sefeh qpasPubRLof T Bl bt TERMCE, o
i nput nunmb38, xadht havingBat delay odf itwof sampleidotervals. Delaynishsignifiedi| a

(K={(2Np2}4 Zthe HP@WH? o Qbnifedtiondl "ZUUGhhTOrM ndtdtidns ik Nvhgstial s "one” .
Colum (e) Jllustrates the

L PUiOf . the add | far. the 3. f oM

o tingl e egativpeerpORRIteph Iz siestified 18 cuadr of ceamiole) inteiVAT hoce

suns are trdetayst edTlby delmydi tsignalhat tes (dommont commection ofi| dedays &8 shown in

- colums (1 hugdo () nidfigfied Gy tud &e,,ﬁﬁltgfgﬁeraseﬁmgﬁetsitcmma}bout zer o
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of the input signal. The p Sizes" cQmnprises I dent cal, .olt put
val ues per @3dsapplgd st the csubieghend; (0 iapy ofy t%’yrﬁﬁgtwl}w bout zero,

there aBd) aubaiasts ahe f dolayedr aes mbhiplied signuiefromathey oditpywod@d of 22 July
2003 10 relaﬁhiﬁg‘tho zero of the input signal (hereinafter) the "point of
r L]

symetry" o ). It will be noted that_in unit_ 100A where 4 LSB's are
removed, there i@ finglsstage of: filtering 1By &ilterodP df Rravidedoby and 5 so the

total nunbeiltef fBimedr Byuseadder 356 ohdviag bhfirst2input 52 pdirectiynal woul d be

reduced to 9 bift t..the it il I i ool (i this
condi ti on, thglgleg%)g 38 fbr’i"e Obl&‘g‘up%s%lé@éf %n%ﬁﬁlggglfll %l ?%ﬁ@d by limter
104. 35 input 54 coupled to the output of subtractor 46 via a four sample

delay element 56. The combination of the first two delay elements




The "narrow' node of symmetrical bit reduction is 10 illustrated in the
exanpl e of FIGURE 3 by unit 100B and its operation is shegn By doae table of
FI GURE 14. The only difference between units 100A and 100B is that in unit
100B the MSB applied to the adder is inverted by inverter 300. The effect
on the operation of unit 100B is a reduction in the nunber of output 15
zeroes di sposed about the point of symetry of the input or output signals.
In FIGURE 14) the narrow node exanple) in which the MSB is applied in

conpl emented form (inverted to the6adder there are three zeros produced at
t he poi nt3®&fandyAfleand . adder 44 REME3) fitse bende pasaidilestarifiiee, i n which the

VBB i's anmmsﬂxaag of ﬁmﬁ%eprso Ny f%,&ﬂuaefomé Oith thé "GrRdgiRlq there are

five zeros I N a ev1ous|y noted
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at tor syt el b Sﬁé%gadrﬁ'??"ﬁgﬁ'ﬁmadf?%“ BT 28, O mance. of -
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degrade contour D\glmrtherpmwes oft fleeing abe | compesiteheviden esig®albi t

subtracti Q’f'foH Eﬁ%%‘g%ﬁ%'?ﬂﬁ, ﬁﬁﬁ aPfis tdﬁ%ﬁé&éﬂ %”E‘%ﬁlgaﬁlfoﬁfmpo”e”t
ubt ract or

Is provid racts t

su om nance si gnal
at its sutfg? GUfH RPesations, ?hé"x@B}ﬁ;BsFFechPBeo litleﬁ ‘-@/ at its 2 0
m nuend i rdelaydP. at@fdirertsubmp@siteonidetmemgna’mowere sibgraeted’VThis del ayed by

4 sanmplys | @te%ycﬁhsof Mndplals Ul oifabefhet [t Qi? EI’EH r@?+ (g the conposite
vi deo sign or sanp |s t o.Qprovide
t enpor al a‘ﬁ SW”&‘H tﬁ% q8e ﬁﬁf s&‘i‘ﬁ%l’rﬁ 18 | RfFY: 1 28el ayed by

an aver agemay prcxhrqal @ 2bbriow'er Mberdmgbanmqoammbed tdrroﬁﬂnatl@te t hat
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e sybtra d an

COI'T'p| enent| @FI on S0 the term

e then performn aé
"subt r act | Wefhe dsawing nby ubesh hé‘t"él rayy thsow aPHﬁ’“its YhtBnded to
i ncl uded 6 usubteye P4 Giidh chebnatberoto't ewtittenubeside il. Tr@tharl dipnel i c
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converter g4 to the chrominance signal because the operation may produce



Consi deration will now be given to operation of the exanple of FIGURE 1 in
separating a |um nance conponent froms5 what wll ~ hereppjhgopesl ed a
"contouring-sensitive" signal. Five exanples of contour sen5|t|ve S|gnals
are illustrated in FIGURE 5 by the signals |abeled "signal one" to "signal
five". Each signal is a conposite video signal taken at the output of AD
converter 14 and having an AC conponent representing the chrom nance at a

10 frequency of the col or subcarrl (Fc) and a DC conponent. The DC
conponent r§ resents the | nce C(H(raponen{ and will be constant for at
| east sevE&MEPT S f@EFY i(Eor P . Ofr e BOITRW (fQR Aubtractars) | ustrate five

di ff erent Ammdgngiy.atlee B bili t:ompmsaé videonsigmat eappligdako rexmilesenting five
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i ncrea g ance “conpopent of the conposite eo, si.gnal, and a const ant
35 ehrloht nance LABRIAMEAT SIBBI, FooVFT30eRTRex CREont HTORIAGRES 1 he

chr om nancsigtdl) proceseing.i Specifically| thD)echnnpmnetﬂthltr m:hm&noadbyr om t he

out put of fo uf o ..n | a0f Pl GURE 5,
These val uéeigﬁgre S [gt%‘ y%stg eh\ggﬁ’}h VXQ#NB%&S e, e ua |on for "D' 5
(di f f er encdLEPRLSt Hepﬁgeﬂhd”ﬁh F‘?&QZEE“B feSB%%‘Wf Pga? °y§ ue of a
current Cipnshrpngpogansl It t hasvbéare fotind hehaprths eluminanpé e sigmals t hat of

t he 'm"fd't%hﬂkytc?’eéﬂdﬁ@h' dnfbAEAL "VishalMadtitabtsSin diBIASRET FRRRRSI Ng sanpl &

of the prev|ous rst s

di ff er enceWPER PR{cALCMPES, ta (&&E"Gt hes nygn ugf%ofm@a%ﬁ ue“% ) of t he
current sabiph elsy ofinfplg nerun€idon. e as been rﬁmnﬂhdmtathaseoartiﬂaets,

corresponds Vi en from
FI GURE 5. i &{“egt &“ZO%H& ]??erencge[@a ues o Edyé ﬁtﬁ%%%(ved in the
sane nmanneR@Yingmveryuew sluminance ﬁ64t° SB‘%t BEAIBRSy| ousl y
expl ai r2f Bxhimplegafdsuch fsi larei dxsbussredninter t he unwant ed verti cal

£adlE
detail fromt hes)tc‘em?%#e% ﬁ&&o%&%y Eg‘%ﬁréé tgﬁag%gy Qfanl(ﬂepass filter 30_

having the tran (f gof FI GURE 7 for
deriving tRembert of cchrominancetbitsdo coately thengrsolution @-Bithhof theom t he

cgnb val uesomipoRiteUiRded sigea lval'%'l@ls Fb‘c*uxi'ﬁ rédwsingette fdhhbmllm?t}cepl Xtelh of
chroma equ Nt AV in the
tabl e oqu?@ﬁéggnE#% tl% ﬂtrgns%o ghb“gaﬁ“@%{‘?%g@g (yegg P‘e)rtel ntime,
plus 2 3Pneempesentinto 4hei bitl seduceddyignahy This thlﬁéﬁ uetdon dsue si x pixel s

ahead and ﬁbh&%v@d5 1hh8cd@lﬂ'dﬁc€"@hh Rh X@dpfect e ¢hé rinflbﬂﬁon,'% afvipganpl e, the
val ue of the ,band pass

oL " | of I 3,
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+24 5 contouring in the sxgn




(1) The remmi ning values of the chrom nance pixels of FIGURE 3 5 7 are

cal cul ated in the sane nmanner. 22 July 2003 14 To nor exf wliy yoe=opr eci at e
t he advantages of the present invention, it is believed hel pful to now
determ ne what the | um nance conponent vaI ues would be if they were
obtained by sinply truncating 4 bits fromthe 12 bit chromnailce signal 5
provided by filter 30 and subtracting the difference fromthe conposite:
signal CV. These results are presented in the tables of FIGJRES 8 and 9.
The results obtained fromFIGURE 9% or sinple truncation will thén be
conpared w th Fl ARExamplpi ofi goiconivertiondle symmatrical drowdingt rorcal |y

5ot o A AR 1 oo E € AL U T e
si gnal ofirﬁgﬁ@f‘ Mﬁwé R M result on the

| um nanceTRW@ATﬁﬂGm&ﬂOMPL(EMENH‘ BINARM SIGNALSAS RORUSBf FI GURE 8
from the. syirs] IRTERATBAVELS QUASSRXRUIES STGIFACSRGufan iivadl 13 Mgy 15 seen

I'n the Tumnance si gna

subst ant [ % éog li\ ﬁ
truncati oh?$ pthee&ling eh el ARPATAS c Bymme{Ecal 'Itﬁ'énqartm'i’c&tfeﬂﬂ%ﬁr om nance
val ues usto@ ﬂdﬁﬁeﬁ@ﬂﬁﬁﬂty omamnbess ripl performedattyr sifplpf discetding? are

det er m ne p f tySi wb conposite
vi deo val ﬁleegi‘%ﬁg &J@Siﬁ@% vg\“sl%e%ﬁgslaft%{ué{rlg %V\mwl Eh%: %%di FI GURE 9
i || ust r at Begatine |valuenavhen anynane |of, the disparded [8Bisnisd aclogieali on of sinple
Lr uncal Qonoé" 4abid.S Appasarisctd pétfdrnt i NCBIOCRUALANGN -inbludel snarray,
ere is at signa
is Signal ?¥5¥@§H‘€e{5 &J&Eh fngﬂlg ?’gﬁ%eéﬁe Q}{c{)?ﬁ B{)ﬁ}%‘g?ﬁsﬁg é%cﬁﬁ%%ncat ed
chroni nan8® supngementisumther complex hbubis guitable fart use fagonposi te vi deo
si gEImGURE #Epliyéiﬁt sy m{;‘f}fﬁ%?@iﬁ&g gplif, at glllﬁﬂmaﬂéh&mﬁ e %?ratlbﬁfj Iamal pi X?'
in e Coipo eo val ue from
FI GURE 5 Bﬁaﬁ@ ofefted symbietrict; ix@gﬁg HER00K ¥ FrGURe 5 the
conposiltde showaoiny EIGERE/lequal s "7". From FI GURE 8 the truncated
;:Erolm nance val B?rﬂrﬁetrrdﬂ bif\Credudtion! vr Tlfdimdﬁi g Theesramphs of) p;xelt%)
e lumin 0 q 03]! correct. value for e -
| um nance mﬁg@m ES;I%B Btrz?g B?gm%lﬁ) "ﬂgfelr es\&flggrg& ixb si gnal
val ues of ths an gar t)f chrominangadsignakh t, it is
Ceeh bt L e recen, LS
chroma |Pl58dP%° gu%)(vhlggoléo ruﬁﬁa néy Nn&htén e..g O%CPI ﬁ) ?dolpﬁ%ﬂ;lel S
t runcat ed & lsymmetricellyirougded or rbrt tﬂhmdednmaklomamts signal are di scarded
"t eger Znﬂfa“"‘“ gy S Rate sfe %‘Sﬁ"““”ﬁ‘%‘*f?i’““ o S oy b Phe
correspon h{:ﬁ’l }'él BsPt ﬁfﬂgp EﬁlRf?@l httgv oﬁd@é h(falsﬁ%gg t he
| um nance wistep@re marrovor rassulip gedeﬂer ;zapinga|d1fﬁerenmwnzbmdoﬁ of Signal
Three ing F@dﬁg t f gheerddpwi xel s of
Si gnal Thr%ehﬁf ;E;b§ ﬁkg@ﬁd ;ﬂ?gﬁggﬁﬂgkﬁ &0:4&1%3329 fdﬁg)& sg)éﬂatﬁg all
contain cl"ﬁégm Ei}lf%m@m‘;qgag?bn |“Bﬂ°§‘ﬁﬁ;t:h b Br 2 WEII and
this can | ctiona r fignalsn moeir preyented (and\mkm ae besmpdounds are
ul timatel ytod'b%pbﬁ%%ve'ﬁxhi@@ﬁéigg” 1441\@ fﬁ(@gp I WBntotirii! 2shpilopd Five
contain th o £X gt sanme chroma bt t unma er y one count or signal
| evel .
30 In detail, in the example of FIGURE 1, rounding unit 100A
comprises a 12 bit full adder 101, a 4 bit truncation unit 103 and
a binary number or bias source 102. In this embodiment the 12
bit chrominance component provided by filter 30 and a four bit
bias number (e. g. digital "7" or binary "0111" in binary) are
35 applied to the addend and augend inputs of adder 101. In this
example employing "two's complement arithmetic”, the most




15 Between these two signal levels (6 and 7) there is only one internedi ate
| uma val ue produced, and that is from Signal Four. This % N ogay be
viewed as a luma | evel of 6.5 (averaged). FIGURES 10 and f I'Tustrate the
chrom nance and | um nance separation performance of the present invention
and 2 0 are .derived fromFIGJURES 5, 6 and 7 using essentially the sane

met hods as in FIGURES 8 and 9 except) of course) that here the 12 bit

chrom naace signal fromfilter 30 ig subjected to symmet ri cal roundi ng

f h h b
oty & ruﬁgli@%“?ﬂ& R slatS béﬁ"?ﬁstb 1 HiE SFOERRAGE 1gBALH om mance |
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si gnal ' de_ f.or chr . hanc ter. 1202 which
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15 hagn t g STk HRBuaS Oidchy i H“fdff e et o hrome
s gnal 2 ORPUIRE: FoRRRetiveRve The, §1d mite s Psel ininll 1008, oo o 1508
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35 step above or below the zero level. For symmetry about zero,

there are a total of five zeroes that are symmetrically disposed
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5 Al'so) the other chrom nance filters may be of the high pass type or a
conbi nati on of ~ high-pass and band- pass types. 22 July éoog'o?r]@ CLAI V5.
1. Apparatus for separating a digital conposite video si gl?r Bsite
video signal (CV) into a |um nance conponent (Y) and a chrom nance
conponent (C), conprising: a source (14) for providing said digital
conposite video signal (C- including said | um nance conponent (Y) and said
chrom nance conponent (C); a chrorlaance signal recovery filter (20 30)
coupled to said source and having out put (58) for providingssaid

separ at ed rekitioei tarkeeo cofnthednput Gjignalntheseinafitery theibipoint of (80) coupl ed
to said angnifef vdmclpr nance filter (20, 30) for substracting said
separ at ed chro e fro sai d QO S|te |de nal to provide at an
out put thereof ﬁsB{’) OJFQGF hﬁﬁlrf&ﬁ& ﬁ’Ee ?’Yi‘s h&fScterised in
that said rsamanedt ethemhmsnra rp@mbxlﬁgrrpﬁrtem{SBC)ovesﬂowupt an\rlfy' -oumt add

chrom nanc, thd tt@trgltxﬁltﬁﬁéxdo? €st Eé’cﬁf B3 ?o X Et{é C Bﬁ“i’h?)é@g uni t
(100A; 100B é sal 3 nmetric ng un i. %e symetri cal
roundi ng (ii8Ral Yowld “hegpdue lfsnen?ltu tf"bF‘ tymg lléal d separat ed
chr om nanodesimdpdhﬁWo(cC)thfsucmmhah, sheelSB ofptiri butpmtasignaleofit i ve

excursmnsu t (C relative to a binary val ue of
zero naintairn i s sy h%é}?}&eer roun?l for reducing a tendency of said

separat ed | uni nél?h,ee "8areNhe modeyoft symmg apal dihreduetion ien di spl ayed. 2.
Appar atli@ dlustrated @t the dlample lof FIGURE 316y aniien08Bdand itdat said

frst i hﬁpﬁﬁgﬁ A osiR @W&&@Ogﬁm&hgmd@! Wﬁsﬁgvén?h?r g
out put f or betaeenyuniss a1 004 ande 100Beds shatiiy unihsiQOR tg B and a
truncati ngagplfsd) tbothe raddestis NEveRedab§einverlcp U0 Thal etﬂéca o eRet er m ned

nunber  of Qﬂaérﬁtmn of unit 100B is a reduction in the number of output

15 zeroes disposed about the point of symmetry of the input or
output signals. In FIGURE 14, the narrow mode example, in which
the MSB is applied in complemented form (inverted) to the adder,
there are three zeros produced at the point of symmetry. In
FIGURE 13, the wide mode example, in which the MSB is applied

20 in true (non-inverted form) form to the adder, there are five zeros -
-produced at the point of symmetry as previously noted.
Advantageously, one has the option of widening or narrowing the
"zero crossing point" of the symmetrically bit reduced output
signal.

25 Returning now to the problem of luminance signal recovery
in FIGURE 1, the foregoing rounding-off process may increase the
number of bits of the chrominance signal to 13 for the reasons
previously explained. This may appear to be opposite to what is
needed for extracting the luminance component from the

30 composite video signal CV. However, since the round-off circuit
has effectively moved whatever chrominance information from
the lower 4 bits that was useful and placed it.in bit 5 and above, it
is now possible to truncate the lower 4 bits without significant
loss of the chrominance information whereby the luminance

35 contouring effect is substantially reduced.




3. Apparatus as recited in Caim1 or 2, further characterised by a limter
(104) for limting the output of said truncated (103) tzp sulyp2eaBt er m ned
maxi num of bits. 22 July 2003 19 4. Apparatus as recited in one of Cains
1 to 3, characterised in that said symmetrical rounding unit conprises: a
full adder (101 ) having a first input, a second input and a third output;
sai d separated chrom nance conponent (C) conprising Mbits and bei ng
applied to said first input of shild full adder; a constant (K) being

appl i ed to saStnsmeriaihg, nputthist peititd thddsyreetricalc bit rpdadtidmrisappl yi ng a

TSt i bl ANy Dhddill &%k %Haom';;gfm EOMRARRing Ghe Gy2py LN rd i nput
of said I qdder; an eln;, saig circult pat s, a_selected one of
first a hdAhPat ¢ trgcatare 5 pﬁhﬁ %éc@ﬁd“‘b‘ﬁg?h%rlpsﬁ'é of thei t pat h.
. AQD Al Shioiindice Afmal! byfolir fandA\if@rérses AT nuidierADE . MISB .b4nMIr . A
- AY- Alg AQuitf®n ‘a total of 9 bits. This is only one more than the
resolution of the composite video signal (8 bits). This last bit is
removed by limiter 104 to produce an 8 bit chrominance oytput
signal. The process of limiting after symmetrical rounding does
not degrade the contouring performance of the overall system but
10 will facilitate subtraction with the 8 bit composite video signal
without having to discard an LSB. In other words, it has been
found that it is non-symmetrical truncation of chroma least
significant bits that leads to the problem of luma contouring and
so the limiting of the most significant bit of the chrominance
15 signal does not degrade contouring performance but does facilitate
the later 8-bit subtraction for luma recovery.

Recovery of the luminance signal component is provided by
subtractor 80 which subtracts the 8 bit chrominance signal at its
subtrahend input 84 from the composite video signal CV at its

20 minuend input 82. Before subtraction, the composite signal CV is
delayed by 4 sample intervals in delay unit 86. The reason for
delaying the composite video signal by one full color cycle (4
sample intervals) is to provide temporal alignment with the 12 bit
chroma signal which has been delayed by an average of 4 sample

25 intervals in band pass filter 30. Note that "subtraction" in digital
circuits is usually performed by means of two's complementing
the subtrahend and then performing addition and so the term
"subtractively combining" as used herein and in the claims is
intended to include such conventional subtraction techniques.

30 The arithmetic operation of subtractively combining the
composite and chrominance signals produces a separated
luminance component with a one bit extension to 9 bits (because
of the possibility of a luminance "borrow" result of the
subtraction). This extra bit is suppressed by limiting the separated

35 luminance signal Y to 8 bits in limiter 90. An analog luminance
component output signal is obtained by applying the limited 8 bit
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ponent to output ferminal 94 via an 8 bit dlgltal to
analog (D/A) converter 92.
Consideration will now be given to operation of the
example of FIGURE 1 in separating a luminance component from
5 what will herein be called a “contouring-sensitive" signal. Five
examples of contour sensitive signals are illustrated in FIGURE 5
by the signals labeled “"signal one" to "signal five". Each signal is a
composite video signal taken at the output of A/D converter 14
and having an AC component representing the chrominance at a
10 frequency of the color subcarrier (Fc) and a DC component. The DC°
component represents the Iuminance component and will be
constant for at least several subcarrier cycles. The five signal
lines illustrate five different steady-state conditions of a
luminance signal representing five different but “nearly equal”
15 luminance values in 5 contiguous regions of a displayed video
image. Although the analog chroma into A/D converter 14 is
selected to be“constant, the "digital chroma" at the output of A/D
converter may not be because changes in the luma, when added to
chroma and quantized, can produce changes in the digital
20 separated chroma.
It will be noted from the table of FIGURE 5, that a. change
from "Signal One" to "Signal Two" is a change in only one of the
four composite values. Specifically, the composite value of "9"
appearing in each line of Signal One changes to "10" in each line of
25 Signal Two. The values given are illustrative and may be
considered as IRE units or IRE units converted to an 8-bit binary
scale (e.g., 0-255). For either expression, the change from Signal
One to Signal Two is very small. The same is true for the change
between Signal Two and Signal Three (“4" changes to "5" in each
30 line); the change between Signal Three and Signal Four (“2"
changes to "3") and between Signal Four and Signal Five ("7"
changes to “8"). These changes between the five assumed signals
represents a nearly constant slowly increasing luminance

component of the composite video signal and a constant
35 chrominance component.
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steady state values calculated from the equation for "D"
5 (difference) in the heading of FIGURE 6. Specifically, the value of
a current C+VD sample equals the value of the present sample
minus that of the immediately vertically preceding sample (i.e.,
the corresponding sample of the previous line). For example, for
Signal One the first sample difference for line 2 in FIGURE 6 is
10 equal to the value (+4) of the current sample:of Signal One line 2,
minus the value of the corresponding previous sample of Signal
One in line 1 ("-7") taken from FIGURE 5. All of the C+VD
difference values of FIGURE 6 are derived in the same manner
from FIGURE 5.
15 The next processing step, as previously explained with
regard to FIGURE 1, is to remove the uawanted vertical detail
from the comb filter 20 output. This is done by band pass filter 30.
having the transfer function for "Pn" shown in the heading of
"FIGURE 7 for deriving the filtered values of the combed composite
20 signal from the comb values of FIGURE 6. The value "Pn" for a
current filtered "pixel" of chroma equals the current value (Po) of
the corresponding pixel in the table of FIGURE 6, minus 2 times
the value two pixels earlier in time , plus 2 times the value 4
pixels ahead, minus 2 times the value six pixels ahead and plus
235 the value eight pixels ahead in time.
As an example, the value of the band pass filtered
chrominance signal for Signal One, line 3, pixel 1 is determined as
follows. The current value is +3, two pixels ahead the value is -3,
four pixels ahead (of the current value) the value is +3, six and
30 eight pixels ahead have values of -3 and +3, respectively. The
value of Pn thus becomes:
Pn = (+3) -2(-3) + 2(+3) -2(-3) + 3 = 3+6+6+6+3 = +24
(1)
The remaining values of the chrominance pixels of FIGURE
35 7 are calculated in the same manner.
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10 FIGURE 8 illustrates the effect of “simple” truncation (not
symmetrical) of 4 bits from the 12 bit chrominance signal of filter
30. FIGURE 9 illustrates the ultimate result on the luminance
signal of subtraction of the truncated chroma values of FIGURE 8
from the original composite video values of FIGURE 5. As will be

15 seen, substantial contouring results in the luminance signal where
"simple" truncation is applied to the chrominance signal. The
truncated chrominance values using the conventional "simple"
truicator 200 of FIGURE 2 are determined by dropping the four
least significant bits from the composite video values of FIGURE 7.

20 The results are shown in FIGURE 8.

FIGURE 9 illustrates the luminance signal levels for the
assumed condition of simple truncation of 4 bits from the 12 bit
chrominance signal. In this array, there is only one signal that has
the correct luminance value, that signal is Signal Three. FIGURE 9

25 is derived by subtracting each truncated chrominance value of
FIGURE 8 from the original digital composite video signal values of
FIGURE 5. For example, the value of the first luma pixel in FIGURE
S at line 2 of Signal Three equals the composite video value from
FIGURE 5 minus the chrominance value from FIGURE 8. From

30 FIGURE 5 the composite video value CV equals "7". From FIGURE 8
the truncated chrominance value is "-1". Accordingly, for Signal
Three, line 2, pixel 1, the luminance signal value equals "6". This
is the "correct" value for the luminance signal as explained below.

To determine which luminance signal values of FIGURE 9

35 are correct for luma and which are not, it is helpful to examine the
filtered chrominance values of FIGURE 7. There it is seen that for
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pixel 1 line 3 Signal Three, the filtered chroma value is "16" or

"10000" in binary. When "10000" in binary is truncated there is
no division error because the 4 LSB's that are discarded are all
zero. Thus, all pixels in FIGURE 7 which equal +16 or -16 or any
integer multiple thereof have undistorted values of chroma and so
the "corresponding pixel positions in FIGURE 9 have correct values
of the luminance component. For example, every pixel in lines 2
and 3 of Signal Three in FIGURE 7 is either 16 or a multiple
thereof (64) so all pixels of Signal Three, lines 2 and 3 are correct.

10 The remaining signals all contain chroma errors due to truncation

15

20

25

30

35

and thus luma errors as well and this can lead to an undesired
contouring effect when the combonents are ultimately displayed.
In addition to the foregoing, Signals One and Five contain the exact
same chroma but the luma differs by one count or signal level.
Between these two signal levels (6 and 7) there is only one
intermediate luma value produced, and that is from Signal Four.
This output may be viewed as a luma level of 6.5 (averaged).

FIGURES 10 and 11 illustrate the chrominance and
luminance separation performance of the present invention and
are .derived from FIGURES 5, 6 and 7 using essentially the same
methods as in FIGURES 8 and 9 except, of course, that here the 12
bit chrominance signal from filter 30 is subjected to symmetrical
rounding prior to subtraction from the composite video
component rather than being simply truncated. The effects of this
treatment of the chrominance signal on the recovered luminance
component will now be compared with the truncation example of
FIGURE 9.

First, it will be noted that the average luminance output
shown in FIGURE 11 is always equal to the average of the
composite video. This.is superior to the simple truncation example
of FIGURE 9 which produces an unchanging video signal for
several signal regions even though the luminance level (from one
signal level to another) is changing. Also, in the example of FIGURE
1, each change in the input steady-state signal value produces a
different average luminance output level. Three quarters of the
time there is a residual subcarrier Fc component left in the Iluma
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but, in general, the appearance of contouring in the example of the
invention will be less than that employing straight truncation due
to greater luma accuracy for each of the five regions represented
by the signals 1-5. ‘
Various changes may be made in applying the principles of
the invention to composite video signal separation. For example,
" as shown in FIGURE 12 the luma/chroma separation and
symmetrical rounding may be implemented with sign/magnitude
arithmetic processing. In FIGURE 12 source 1200 provides an 8-

10 bit composite video signal S1 in sign/magnitude form to a
chrominance filter 1202 which separates the chrominance
component producing, illustratively, a 12 bit filtered chrominance
signal S2. The magnitude bits S3 of this signal are reduced to 8
magnitude bits S8 by symmetrical rounding unit 1204 and to 7

15 magnitude bits S9 by limiter 1218. The sign bit S4 of the 12 bit
chroma signal S2 and the 7 magnitude bits S9 are subtracted in
subtractor 1208 from the composite video signal S11 (after
processing delay 1210) to provide a separated luma output signal
S12. The rounding unit 1204 in this example operates only on the

20 magnitude bits and comprises an adder 1212 which adds a binary
bias signal S6 from source 1214 to the 11 bit chroma magnitude
‘signal S3 to form a 12 bit chroma signal S7. The four least
significant bits LSB's of signal S7 are truncated by a truncator
1216 and -limited by limiter 1218 for application along with the

25 sign bit S4 to the subtractor 1208. Since the four least significant
bits of the magnitude signal are symmetrically reduced, the
reduction does not introduce a DC component into the resultant
signal and so contouring effects in the separated luminance signal
are avoided.

30 Other modifications may be made to the embodiments
within the principles of the invention as recited in the appended
claims, For example, the filtering may be of differing types
necessitating rounding off more than four or fewer than four
chrominance bits. Also, although a one line (1-H) comb filter has

35 been used as an example, the chrominance filter may be a more
comples comb such as a two-line (2-H) comb or a frame comb.
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Also, although rejection of the vertical detail output of the comb is
illsutrated as being provided by a three stage band pass FIR
chrominance signal filter, other suitable filters may be used
having more or fewer stages of differing levels of complexity.
5 Also, the other chrominance filters may be of the high pass type
or a combination of high-pass and band-pass types.
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Apparatus for separating a digital composite video signal composite video signal
(CV) into a luminance component (Y) and a chrominance component (C), comprising:
a source (14) for providing said digital composite video signal (CV) including said
luminance component (Y) and said chrominance component (C);
a chrominance signal recovery filter (20, 30) coupled to said source and having
an output (58) for providing said separated chrominance component (C); and
a binary subtractor (80) coupled to said and to said chrominance filter (20, 30) for
substracting said separated chrominance (C) from said composite video signal to provide

at an output thereof said separated luminance component (Y),
characterised in that

said separated chrominance component (C) is coupled from said chrominance -
filter to said substractor via a symmetrical rounding unit (100A; 100B);

said symmetrical rounding unit (100A; 100B);

said symmetrical rounding unit (100A; 100B) reducing the number of bits of said
separated chrominance component (C) such that symmetric positive and negative
excursions of said chrominance component (C) relative to a binary value of zero maintain
its symmetry after rounding for reducing a tendency of said separated luminance
component (Y) to exhibit contouring when displayed.

2. Apparatus as recited in Claim 1, further characterised in that said symmetrical
rounding unit (100A; 100B) comprises an adder (101) having a first input for receiving
said chrominance component (C) and having a third output for receiving a predetermined
binary constant (102); and a truncating (103) for truncating the adder output signal by a
predetérmined number of bits.

3. Apparatus as recited in Claim 1 or 2, further characterised by a limiter (104) for
limiting the output of said truncated (103) to a predetermined maximum of bits.
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a circuit path for applying a most significant bit of said chrominance component
(C) to said third input of said full adder; and wherein:

said circuit path is a selected one of first a noninverting circuit path and second an
inverting circuit path.




