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synbols in a digital recelver, such as a digital television receiver) is

suppressed by usi pg a first conb filter 210 to reduce the energy of the
co-chanh® i nt er f dhehsm Bekarcombinagion! theietqreferh gedfericaslly wosdditidn drefrtoi s
supplied a str.eam.of 2N-|.evel al. s zach haying a synbol epoch of a 18 f
i11Y 2003 _8i”b§'6g%_d‘?‘f'|“é ”reéﬁéﬁfﬁx?neﬂ' ﬂ%‘)"'?%ﬂF%W“bP%%Yﬁ ‘P“%‘l\?—“l“g'{)e‘llc 8yfrbol s is
susceptible [RdbRk BAACHRTAR AR "ol LiREhaAH 1ERrCRAME dnlbifkid] | N
anal og tel evision signal, and supplies a response 1 n which those artifacts
of co-channetariied perfemedgn an@irdegce vhitéairsodutar Arittbneticg ridiat gpe of vpding s d
shoul d they obtain, The f first conb filter incidentally carries out a
synmbol rc- codrPgenr dERdl P! s?fﬁgg?‘iﬂﬁ‘é}’&ﬁé’t‘"ﬁr‘ilﬂ‘%&{lﬂé@e@rct"mb‘ﬁ’%t% tthe
synbol @eCodinagiffGenti4IS eHRE arid A¥mblifedBy Aeshinth e first

- conb filter del zliys tﬁegstfdggm of ZN-XIngve? E{/n1§§>’s bggjétcggg’%g]}?ﬁig nunber of
synbol epochmidrearyHRENatescivedels dyfnedsasr sypmbal re-208ihp e £firs Apes ynthdd s, t hen
linearly conbines the stream qf 2N-|level symhnls and the del ayed stream of
21" Tevyl sy WGREbe. GRS PEREST FpIIaE Al Frasnbt o RSl b surars tirgughns
response of hB&iki EtbbiRSTIHOWIh HEI8Fed (A IIRSMBRAS) coMlifiltididSxdrf vel
synmbol's, is sup[l).l i ed tlo <151 filrst g%t ar- sli ce}%srﬂl n thceomé{;)%}t%ktéx%n?ﬁ%t#edﬂ’)ﬁ

i nvention, tthe sysbolmEcadingcosd igproreseldDTY todnsiimess, i geined2s "spnbdled out
before data-slicing the first data-slicer is viewed as a precodi ng
procedu‘(r@, f1e-Q H’@rﬂﬁ%@ﬁ‘g P9 (R HIEIRFSAINi a symbol re-codi ng procedure
of second type after the. data-slicing, inplenenting a postcoding procedure

to conpensate forThd@oBMAPOH colctianfed fHE¥8er B R RN hal teFévEsZc?ré %g{?ﬁa @%?B% edur e

generate con~ected synbol decoding results. The synbo
of first typaewed froniebe sandpopnttof dyinb ¢lsometima jar@Bhgtpgroblaghat did feetivet, tal
del ay and fi,rst. linear, conbination of the diffegentially delayed ternms. The
Synool 1o c O PSR AT SR i B EeoFi et oS g s iRy Rr Fage el

symbol deco:thé HgdrR SHidne! 5 §6OBREER AP thitahd w.éﬁanﬂg{tiﬁfeﬁei&]@é cﬁu@ﬁ%m@ol

re-codi ng procedure of second type utilizes secon I near co on of
t he parl#bal Isysttin chaned bydehtodyiuies prkil trgnsmeswidn sapabitity tbe IREAé thadakuion, vk t he
second |inear F1txéorrbi nation and is 23.Swd£ﬁerfor med i.n accordance wth_a
modul ar ari tAY Wﬁqcedgéheosfysfﬁbcaf‘ibfé’_t‘e S SSBBTROTH L, 518 'ﬁQ’cel'“anh‘? is
subtracti ve)naRditfify 3 R rededve@Wlidapié8 forkeRBik LNt FrablighfGraifapnd |1 near

co-channel in:erference caused by the analog television signals, relying on the
pronounced ‘comrelation and anti-correlation properties of the analog television signals

150  to reduce thei- energy sufficiently as to capture the system channel from them.



conbi nati on are posteoded synbol decoding results. The | ~ostcoding done
subsequent to comb filtering and data-slicing has a basic probl em4 hatiAruzi)3
be solved in order for the postcoding to operate properly. One 240 aspect

of this: problemis that once error occurs in the partially-filtered synbol
decoding results, the error is fed back with delay, tending to propagate
the error 1 $i'"iAY 2003 g daring-tehe g~:neration of postcoded synbol
decoding results. ek e d S e : thitialize
the conditions inhfﬁe d%?ﬁ?gg%?3§%3§%¥§%???%%f??mﬁgﬁﬁ?$“?gﬁ?ﬁ@fE?tia|~zc

t he conditi cescémed.heenders alyesysfeaeciaand afer theXTY tramas tter arak beldiz the DTAgat i on
occurs. This gtobl ari ses when re-coding of the second type is used for

g
post codi ng HECAl e THESF CRRYbUtER ¥ Ra0l RieLdine e BEV B e @siPat i ve and
provides a s@fek; &f iHeMoEHaahd) ViShcel ¥ - B Lpg. of ond type
i s done duri nge }or e}:c?di gg{aand%g@c(ggﬁen%%gn%{ﬁ%&ﬁ\?%g@g I|g£elbi g\[%ﬁg?gﬁri ng
post codibfig, redevarescclodg rg ttefcotdhendel irserf@efketiy per sorlagt deso aveshvat tiof

differentiation over time that quickly suppr%is_es response to the initial
condi tions OfSHYR fFoé‘f‘GBﬂFh‘%cthF“’%g?foﬂﬂ‘e{‘Wé{m bIsq@dntpgRoup s Brecefeciacer n
onesel f wt hg: &N Litalk a0 (R W’d—l I [ ation. \Wen
re- codi ng o?aﬁagl*r}y’rét&f"pg&ﬂs égg{rq’zﬁl%f?%g 5r eg(a:tg%i?ﬁ%rggr?(&jm gl-g{:gﬁd%r 8 of the

second type spectchb nemgomdnngofizhs ta-olinngl interference, clwssodedige ittcatdre otcurfing i al
conditions of accunul ation_or_integration 2> in the re-coding of second

) § l L ) : .
type propag&tEngdassticings el hY bpradeastrashryld iusthisearrieniequensy.nrhieh zor in
the fingh decodi A4S , [ [ ~a rtndom
er'r o180 o GCRURIRY STUKER sbev R Ih TR Reqlenl dr P lBlispl el 0°0e)
correct itsakdigiyemhanbat hiStAABRYeddendyHE opHNMENT bBBt1 24 Qedieray fR@stheof t he
invention is,a method of s¥lnbol decodi ng a stream of 2N-level syt:|bols
each havi ng Vifleayapiar of gsershamnel Ndsbcanplogd Y siggalihatds tikehs to imeréeres thhisam of
21 f-1 evel S i bl Q bei i . rtifacts of
co- channel DPUREL Jeiet iFMERERAC RS e RRINGOTBIARRARE B shi I V.
i nteger. ThéeqRdit9d,; ¢ HRINTSG afalbeTVastkiY Mg artl&retiMmBe E@shdrne! by steps
including a step of conmb 7?65 filtering the streamof 2N-level synbols to

gener al® a Huericrensa iarthe deyperidased\PIIY signal wll thepdnclpdechastied S9yAsnohes theom

whi ch the agti.f act,s of,.cozchannel i, i ng, a og_t.el evi si signal, if
any, are suiﬁ rr'7e°§1§£e4cff: “nl'lﬁ?qsfrgciugﬁag#” %glﬁ,r%eﬁﬁ{:ta.g%%ﬂ ﬂgf‘ﬂd% ¢ %E‘g?%ps of

del ayi ng t hgegiddgaeboivedlcadghal STV L Sridyardl BE QRRbIcRART BE &k -Aangyinbol
epoc hs to generate a del ayed scream of 2N-level synbols and linearly 27Q

conbi ni ng t Mwrferingetnelasf TP Rignaly and baaraas 287 25 tintels &, adatratedbydtaterady rsf

2N-| evel syphol s) ,in.a ce with one of .additive and subtractiv
procedur es, Ef;%)t(”)v c@%ﬂgrdéggﬁ%lg‘?g CpiFT aqd ‘3‘66&’°!’}‘8%‘}°F SO é’lf%&co%?}r’ﬁnﬁﬁ resul ts
as t hey mombirérfdrig drQRROT™S @ighhll WhichNedtk atetiifle cRise RGN PROtR fiffihere is a
step of data-slicing the comb filter response with (~N-1 )-level precoded
symbol s t c~higwaiaelktpberdael. Bytimey fudddeartifacts asll further rdude beats ast eps of

?75 del ayi t he Sel synbael decodi ts, by th , [ nmb
R N R T SR I T A Rl
linearly copdisi 4@ thhﬁudlb%ﬁﬁfi?gfM@Qhaﬁﬁpﬁiﬂr&%néﬂﬁkﬂ)??w\&ﬂghﬁ Heicdtiel ayed
se[ected synbol decoding results to generatt~ second [inear conbi ning

resul ts. Theecaly areguite oleist i faequdosretottne Hethdragnenis of thederisrae §9.76 aimvisrfyng
results s ne in accordance with opposite of the 28f) additive and
bt st ve! T Bl PGSR E SRR onthis Hef HER e bt § BrlsuPpipanse 5 4

cr~nbi ni ng ¢gpae p?@a&@r&'é@}\@d {drhS filkd iR@RPora @R MY Rde WaFHIbbBepds b per f or ned

according to a nodular arithnmetic. There are steps of determ ning when
synbol codi ¢iffeckasiol dgiey.vEhafsedf ne NIGSi-tejactiom cerab diltgt befere data-shaing i tham of

2N-1 evel sy s). .of regenerati the synchroni zation data w.thout error
when the sy g)lr%‘dﬁfrnlﬁc' §'§al&-‘ég%§ﬁqﬂfisv'gg%lfrc"s?g?'&gs@#&ﬁr%pnﬁ‘ goa |8H§815‘ta occurs
in the stregmgfls sMaird8Y dandhelng, acid of generatinc; the sel ected synbol
decoding results so as to correspond to the synchroni zation data w thout

error when the synbol coding descriptive of syncltroniza~ i on data occurs
i n thel8) r eam of Theditaybiting patretien dadfolewathis oy el respding of firstigrssiacond

|1 near  COMy QI fE3Wet % LluahBARE pfUEL MW IehGU:E IV ERE g RYITO! . 290
coding that I of escriptive o € synch, roni 2ati on atg occurs in the
stream of 2N-level syrnbols. .fin aspect of the invention is a conbination
of circuitry, as described in this paragraph, which circuitry is included
within a digital television receiver. The conbination includes digital

tel evision signal detection apparatus for supplying a



29~ stream of 2t1-1|evel synbols each having a synbol epoch of a specified
length in tinme, which streatn is susceptible to being acconpani ed ng MAY 2003
artifacts of co-channel interfering analog television signal. The

conmbi nation includes tirst and second del ay devices, each exhibiting a

delay of a prescribed first nunber of said synbol epochs. The conbi nation
includes first and second |inear conbiﬁ@rs) one of which is an adder 300
<<nd the ot Fesrltge figm ghF Syanbe! sutrdingeidirst Wik inwésdd the Feumisifop e is

operating in_a ul:Q= j t G j L CE, pect ed
o respond toreRd sl Bt liRidstion Kbk dlenpfl e RS aEaderIEn 20
of 2N-1 evel TaY ghaltizatibheredvirdates g4lastakieeco-chdnfel ixkrfering 20003z TVldephdlr st pair
oi~ differentially del ayed streanms of said 2N-| evel synbols, The first

| i near ! ¥onbrawepanss thatogmiaircaliay tedfiltaringassociptedonivh pimeplirereéoding of fisdditypof

differentially,ael ayed (s strea er N- | evel , ich are
recei ved asmf‘hhg} fgﬁapgélggﬁ'asn?aésb@? ?%BS }i"e‘r%]‘f)/g i ??nbl?r?élcéyeo. g%lg'ehdfl%ﬂérvgf' | i near
combi ner. RFARQNBkYRidsDIERE tdr@?h@no&ieﬁ&@lrﬁwhiﬁﬁ phédosterloh ReMonESHIEET
generates a first streamof (4N-1l)-level synbols as its output signal. A

first data- 8aihs aethe expanae p{ielwvdalicn ophin xQHBIAAE POFesSsor generating f rst
precoded synbol decoding results by decoding the first streamof (=1N1
)-1evel synbols i . is ty Si i rst

| near conbi ner. HRG: 2E isfnihitsloh SR s CortinBe e LA ol SRhubi ekl
respectgove flows thratich G TN tknighDdfithSyteal chahreleiWhsh dyfveiot By cddifig 88ppl ying a
respective output signal therefrom is connected to receive the first
precoded sysdsond tpedtifiers assymbekpracoding BT Misansmitsr, thegdditisggnal

t hereof. The second . ' [ f e i r tive
input si gnaforf‘%’g?téoor} gﬁégﬁltﬁt{?{&%&g?‘ﬁf’%{'ﬁ‘g)ﬁ&%g{e T\pﬁ%ﬁo@?aﬁglrﬁgﬁﬁ he
second | i negdsiCBARddes hot BduRr e¥RiinapotRr biintiRede dveript teSysdbRdistance to
synchroni zation circuitry for determ ning when synbols used for data
synchr oni zahélp furthssémpvereoming janménghansiog2lNY signall Isfeaso e pringiralr cuitry for
generating idr:al synmbol decoding .results-—when synbols used for data
synchr bnsl za?’fHH“‘éfPéyod@tvérl'cﬂ{“ﬁ‘Ma@%"‘ﬁ%B'éaé?g F%ﬂé}{@?éﬁ) 'ééfﬁ?%‘i’ofl\‘ﬁ'é'v\éﬁ synbol s,
The conbi napirernsi§inl tRGirodded btk ¢dRS eRhyabthe DIV teckives ca@ihd tHe exer
connected for supplying a respective output signal therefromto the second
del ay devi cenasntdnalagEbysinale thapambd §lteprasponkretodfsupprgsseddyahei ng thr:

i deal synbol decoding resylts ag. a first of its Jnput signals, and for
recei vi ng t%‘é‘.““f)‘ﬂgﬁggcgi“bﬂﬁldsa& S%'tcﬁre&gtelmedmftflﬁi%‘rlo\gsolﬁ?ﬁicﬂg\bailgéeranot her of
its input signals. The first nultiplexer is conditioned to reproduce as its
out put signal thend bidet ofSpkefopirgtsyrmibBPtétcodingRbsedvhen f &g 208 lsycoMaepssy mbol s
used for data synchroni zation are determ ned to appear in the stream of
2N- | Va0 syhasalosppackabtadifest omaigniltrensmigsion girasady the systemsbipnicdader at | east
at selected tjnes, to reproduce.the output signal . of e cond |inear
conbi ner - as F ! P pHRRESnaReL i Codi B ® s SerbilretfRESR PTI oM o
THE DRAW NGa3a8l1ity foife shribdl Strddhd CRheSitB@ B ipefofhiag s pibelf rezoding t al

tel evision signal” recEiver using an NTSC-rejection conb filter before
synbol decaetpergusasdfdirgast sewtind gypes his 6a sppesciabie affecs ontivotapdbidigdphthei n
accordance %AH] t he invention, agd usi ng. a co-éharwal. il’llt erference dqt ect or
that conpar®8'd ey QP RProF corsRagsEinefsrne angog TV signal, a89ng g5 ¥ipbql e 5
is a blogck slaamptdfandicdphdippels wil ifterposd Rrwéhaghibl tenécﬁﬁﬁggémwrﬂe_t ect or
for use mthe FIGURE 1 digital television signal receiver. FIGJRE 3 is a

bl ock schertsipé andiihggnbsenudnt dajgoticingn Toesedngghtapravidectht geraralfoynddtionecei v~: r
usi ng an I\FI'SC-HE'bectj on conb.fil.ter before cynbal decoding and a postcoding

c, ~mb filteP YPERAMSINEONI B8 Sfng, in accordance with the invention, and
using a co-channel interference detector of a type described by the

inventor in U So3rddhePiit@trerPRbdofripahyial imigpledveNoymbdik iva diidal 1500-1 )
t71~d 21 March 1997. FIGJRE 4 is a block schematic diagramof a portion of
a digital tretaivarssush asiaisigijal fedevigion receivien HEUBPresFFSy rusjrga finshcaabrifiler | t er
bef ore,,qymhal  decodi ng_an ost codi.n idter afiter | . decodi ng,
in ac C"C}r% dgtr)lt((:) éeé\/jl\jcf Eh?i %rgr[%yncgf elﬁff‘ IE)OO ?]},lanélgl dngrt%}égpe gétlo}c datd sl‘c?ng.s[x\e Hse &aS

filter is supplied a stream of 2N-level symbols each having a symbol epach of a




using a co-ch,~tnel interference detector of a type described by thg8§ MAY 2003
inventor in U S. 3=l~ patent applicr.tion serial No. (Atty Dkt. 1501-1)
filed 21 March 1997. FIGU .2E 5 is a bl ock schematic di agram show ng

details of a portion of the FIGURE |) FIGURE 3 or FIGURE 4 digital

tel evision signal receiver concerning the selection of final synbol

decoding results, selected from prescriBed synmbol decoding results during

data synchr oRpéatit®Rnkib g ke, vhadhbueehagRedicat] s9hitals it kaRspdBIom Bahg- sl i cer
response to the received baseband synbol codes or from postcoded

dat a- sl i cer resyroprnecct by Fofasfficoehanned pueréaingmnpleg 1eleeisionsikishseBand

synbol codes) dependi ng on. et.her or .ot the received baseband synbol
codes are suﬁg?éﬁetsiaarﬁyn rlen\é\@l'(’)l%h ﬁ?‘?@f‘cg%gq%%%ncﬁeﬁhap'ﬁlel?tf"refFré ae,qalﬁ '(ﬁljli':"l’fo% is

a bl ock3$§her§%hpargisag;ra§§h@fshcﬁjldmé'ybbmiral ternative to that of 355 FlI GURE 5.
FIGUF E 7 is a block schematic diagram of other circuitry alternative to
that of FIGURE 5. FIGURE 8 is a block schematic di agram show ng details of
a portion of the RihcUiRet combrliqrimdentadly qarr&smrasmgqvltrafcoﬂ@lgwp@ﬁd@rﬁ &ff gnal

recei ver for [ ahi 0. prescrib ol .decodi ng results, dyring data
synchr oni 2at if%ﬁqf%ctattg? C’gfrggucegénﬁi@%{@g%gg-dfé@&ﬁéu s "r‘%neéatf)‘fg% ®schemat i c
di agr am showdag-steirai IStippéseahd afsk b Gter dd1gyshh& RN of 2GR 5Bb@ls blylaGURE
4 digital television signal receiver when the NTSC-rejection conb filter

enpl oys a 12pespeitiesid mmhbey of RirchabEpPadhsils senepite & ke by ek steranco i Mde e showi ng

details,of a_portion of. the 363.1; | GURE 1, 3, qr , Fl E .4 digital
tel evi szbél si’@ﬁé‘?lS’rt@%‘é]‘{}%arrs'vﬁ?g}?"feﬁéhel\ﬁ§631r°e‘?§§%35~ﬂm§’8 a&ﬂ’zgfmé' loys a
6- synbol del a¥eankbREeve} s rﬁb@sgﬁ@%r@@h@mﬁw cHinBHiBMeSMONdsEe fQpBhsel S Of
a portion of the FIGURE I F: E 3 or FIGURE 4 digital television signal
recei ver whenf thedirbitomb kitescThis nesponss, Whichdes el bieyebsymbalsiéosupiptied tel ay.
370 FIGU1Z. E I.2 idé}a bl ock schemati c di agram showi ng details of a portion

of the FI GUREMS BIAEHE 3 or FIGURE 4 digital television signal receiver
when t he

[n the context of the invention, this symbol re-coding procedure of first type
225  carried out b=fore data-slicing by the first data-slicer is viewed as a precoding
procedure. A second comb filter carries out a symbol re-coding procedure of second
type after the data-slicing, implementing a postcoding procedure to compensate for
the symbol rz-coding procedure of first type and generate comected symbol decoding
results. The symbol re-coding procedure of first type re-codes an input symbol stream
230  through differential delay and first linear combination of the differentially delayed
terms. The symbol re-coding procedure of second type re-codes partially-filtered
symbol decoding results recovered by the first data-slicer. This symbol re-coding
procedure ot second type utilizes second linear combination of the partially-filtered
symbol decoding results with delayed result of the second linear combination and is
235  performed in accordance with a modular arithmetic. One of the first and second linear
combinations; is subtractive, and the other is additive. The resuits of the second linear

combination are postcoded symbol decoding results.

The postcoding done subsequent to comb filtering and data-slicing has a basic
problem that must be solved in order for the postcoding to operate properly. One
240  aspect of thi« problem is that once error occurs in the partially-filtered symbol

decoding results, the error is fed back with delay, tending to propagate the error



NTSC-rejccticmconb filter enploys a 262-video-line delay. FlGU> . FM%’B‘ 20§3a
bl ock schematic di agram showi ng detai |Is of a portion of the FIC&JBQE' )
FIGURE 3 or FIGURE 4 digital television signal receiver when the 375

N rSC-rejection conb filter enploys a 2-video-frane delay. FIGURE 14 is a
bl ock schematic di agram showing a digital television signal receiver using
a plurality of NTSC-rejection conmb filters for performing parallel synbol
decodi ng. Fl GuREg il gisiemnoas$ podddogded syagba mesdding regulso v thtGUIRESs dbkisaind ! ~B

can 380 be fitted together to.forma single figure referred to.as, FIGURE 1
2 the det ATARUEM GSET BT NS b SOBInS AT B deps e denck tioRiRang) | s
of synbol cogdg.,,s8leeitifMccht EdidhstiNate &%Ee@%cH§§cQ cirduir nQEEﬁb{)tel evi st on
signal receiver of the type shown in FIGURE 14. FIGURE 15A is a bl ock

schenat ¢S di peppapasdrovdcng. details of circuitry in the 385 FIGURE 14 di;
;ital television signal rzceiver for gznerating prescribed synbol decoding

resul ~s during dahg‘.s nchroni zat | on interg\éog_l . 7,0 f il !5 cQJ3 -14FI GU1ZE
158 is a bl ock scHEIRETPER AFahehiviPaitas 108t DpF /Lt for pomering
f1GJIRE 14 diygib&d tHegt&ibhel 0Rd%h ?@Lre-%gt%iﬁg{ﬁccﬁﬂmaﬁ% ecd %ﬁgi&@@grt%\f mbol

decoding results during tinme per en data synchroni zation
intervals. 380eddhdidd D DESCRh&TIcNddAtg ofahd susndypaisdadne duheg erecodings shown

in the FIGURES of the drawi.ng, shinm ng del.iys have to be inserted in
order that 1 ¥ SeihRel BF T Bha Lrogepatedngdhe e sodg b fEtiood by
those skidl ef} _»'egn-@»he&_tzr&m &t SEeleAflatio JHLLSRe HRREGickS sHpPRIMAE NipBHte @f the
ordi nary abo tl particular shimmng delay requirenént) it wll not be 39S
explicitly refednitiabdodditions dffte rsgedinkiof at¢doad typratOfeciok pust hakve @orieedin shows
a digital television signal receiver_used faqor recoverjng ror-corrected
data, whi ch GRRSSlTanEh BemAB) onfigens RLASFUMRIGU By OBingREGRORY STECAueth o
recorder or e\ i POL; A Yol el &¥hsd ddne diinae
FI GURE 1 DT\/I"gifbrrbfa‘%% ﬁ@’@?3@#‘”?2“%%&%%Sds‘%fé’%*g‘.gi‘i*ﬁ% Fep e I "reoé‘cjﬁ‘c“gst
signal s frot posicoding, error caused by incorrect initial conditions of accumulation or integration
255  in the re-coding of second type propagate themselves during postcoding. The
resulting running error in the final decoding results is a systematic error, rather than'a
random error. so generally speaking the running ervor will not be able to self-correct

itself by chance.
SUMMARY OF THE INVENTION

260 An aspect of the invention is a method of symbol decoding a stream of
2N-level syribols each having a symbol epoch of a specified length in ime, which
stream of 2M-level symbols is susceptible to being accompanied by artifacts of
co-channel i1terfering analog television signal, N being a positive integer. The
method generates selected symbol decoding results by steps including a step of comb

265  filtering the stream of 2N-level symbols to generate a comb filter response with
(4N-1)-level precoded symbols from which the artifacts of co-channel interfering
analog tele;/'sion signal, if any, are suppressed. This step of comb filtering includes
substeps of delaying the stream of 2N-level symbols by a prescribed number of
symbol epochs to generate a delayed stream of 2N-level symbols and linearly

270 combining the stream of 2N-level symbols and the delayed stream of 2N-level

symbols, in accordance with one of additive and subtractive procedures, to generate



400 receiving antetu~a 8) but can receive the signals froma cable &gé \A%f 2003
i nstead. The tel evision broadcast signals are supplied as input sig I3
"front end" electronics 10. The "front end' electronics 10 generally

i nclude a radio-frequency anplifier and first detector for converting

radi o-frequency television signals to internedi ate-frequency television

signal s) supplied as input signal to an_rnternedi ate-frequency (I-F) 40S

anpl i fier chairt I'ngar gymBipgirgiidts 85 Heisand ievrespemgiveth (P | Dievel preeddedr i s

preferably o l.ad- CORVeL, S LY RE. M ; LWE anplifi 0, 12

i ncl udi ng anfs?'rmjglrsht%tﬁéékez??tgézggﬁaé%g@‘:l}g%}\gic#n’grm’fiéFggg?rrbﬁti‘%yll ﬁ' I})SH)"VQ gnal s
as convert edptaeodsd synibcls i gnefatepracsiey spabsl deyodiRgrdsiist TRiRE 8kt Réps &
second detector for converting the anplified DIV signhals to a

very- hi $h2 f r 8glaereyhhisientebnantel deradiig resulis by theprepsrdar apmber-ofiienes)
anplifier for R AYA | gn Vel Lt VH L f
Gemoc. ul at i ofF Teosabekis loval e iniePRBhE deadty 48 Y Aifivinite

anpl i fier chaierprdébdetIsymborddeedinp Reshlisieia thdddlghedatleat O5yhbs! deddigpt i ng the
anplified DTV signals to a final interrr~ediate-tiequency band closer to
baseband. Pr {4S8HR]0 sargratysesond nsar sembigingdesive Thelivgarcpmbining dgsetd i n t he

|F anplifier _faqr. 41 = &;#IjF : e channel sel ection respanse and
rej ect adj acé%}%[;%[ é%cﬁ"e“ﬁts?’ i "@W $ f‘lsﬁ les?g?ﬁ csmo‘%f: Qr%ﬁ% t:d\lvgh ] 399%5&7(?% §.38
Mz renp(e f addiivdiendsipraaseastocdurds €om the ode usadl¥n 20hbsikplot gaegncy of the
VSB DTV signal and the pilot carrier) which is of |ike frequency and of
fixed anpl it terebiniyyg dongAn\sepdraie firg dinsrrdomgining egseies. an papdnfosmed pecording
fr~duency- m~~du cart ] er of - co-channel interfering analog TV
1 ouency. b ahod AR oTR Sl SR SAPSher SR Splyng, 20 o8
anal og TV si @natipiive stentiroaidd d#d occuhdin RhelreBmfEN-fever dyritls, of~f t hat
carrier being generated when the final |-F signal is cietected to recover
baseband synis8ERerating the syprahizonization datagvithoubemrer whangh¢ eymbel opding

pr eventBn ol TR oA AR O AR fTer g vBr SR and
baseband syndqlenedding e @ iedFRBO] AREAAL Ml sdhd bROEMAIGEhde
acconpl i shed by relying on co filtering before data-slicing. The final

| - F out put siygalaiosizatiemath evilbpubemsitiwheathadyaiael toding desstppvé efl to a conpl ex

denodul ator 14), whi. d dul ates,the vestigial ; si deband, anpl.itude

nodul ati on L’f@ligfahlgﬁo? ﬁé}?ﬁgél’l‘r% H‘atfhe PRYEH ﬁjé’}d?'éivél Tyﬂ’éq%ﬂli%ﬂ&/s%%rfa N 56?@6‘8ver a
real 43(1 hasehasidofi URedr cBRBimAL RBIE A3y ARmpharced igralwheRayREd) at i on
may be done in the digital reginme: after analog-to-digital conversion of a
final i290er modinat Bafis aquégsesipern thersynhkrofieari oredpac gesiues ingheystrersn déscri bed
for exanpl egﬁy (.,3, i B. Pqtel et alii in US. patent No. 5,479,4=19 issued 36
Decenber 19958 AhE PHePi%ed "D G TAL VSB DETECTOR V~I TPl PHASE TRAC ~R) AS
FOR I NCLUSI ON I N AN HDTV 435 RECEI VER' Alternatively, denodul ati on may he
done in the anal ognag@cn®)thi hvehiiehis acagdidalien besik iy ak @estsiball liy iybj ect ed
to anal og-to-digital conversion to facilitate further processing. The

conpl ex denvdtAagadRtemhichrieenatsligcledsdavityn p digitghtsle v{sign sasiven obfeus

denodul at i d dr at wr.er . h denpdu} ation.. The digital
fooul s of eRET e AL B i SRS GRPOLT SPGB gty have
8-bit Q0sUr ae¥aflof LR vaNG nthRSCH kR RavIN: b S)MEbolYHRN %%Ecgn%%ﬁd\hﬂ%ts of

data. Currently) 2N is eight in the case where the FI si gnal

recei ver recélicesrenn rsoesntiblsdo heime pecompenist byiagtifa¢te ohpe-ehammcll2 and is

si xteen in the ease. b RIS iR ELERRE choTMaBhItlad 868 A e LEUeISS
devices, each exhibiting a delay of a prescribed first number of said symbol epochs.

The combination includes first and second linear combiners, one of which is an adder
300  and the other of which is a subtractor, the second linear combiner operating in a
modulo-2N arithmetic. The first delay device is connected to respond to the stream of

2N-level sy nbols with a first delayed stream of 2N-level symbols, thereby to generate



~f the invention is with the reception of'terrestrial through-the-air
broadcasts, and 44~ FIGURE 1 does not show the portions of the DTV2&deAve)3
provi di ng synbol decoding and error-correction decoding for received

cabl ecast transm ssions. ?. 0 P?l Y 2003 -16Syn(: ~ol synchronizer and
equalizer circuitry 1 < receives at %gﬁnthe digitized real sanples of the

i n-phase (|-channel) baseband signal fT the conpl ex denodul ator 14; in

the FlI GURE | alfify paec@idi§¢rcndiﬁélycdeia(ysldStrghmbeifissidsﬂhbmchiysmb%?hefeeﬁ hteag t hz

digitized ima .sanmples of .the drat - phas el ), baseband
a1 G 7o < The COPPRST i3 spIEFhOF HORE o PR e LR S Ao ey et

vei bht i ng cogffd !n% S 8 2NORYEIGORBERSHE LS afeQbc FISAsTiranthdtsel dnd Rspdgve ecei ved
si gnal . %e synbo synchroni zér and equalizer circuitry 16 provides synbol

synchr oni zat irgut eignéldet rhetfast lnsir aenbiedr] Raspcamylem Udes Bpublipnas |tttmtnand
ghost renoval . 4> nchr.oni zer u zer . c rCU|tr

symbol synchf ‘BFﬁrzcéfﬂ%b “"é%t f5 Shee g}g(ggleg) ‘éﬁ"dﬁﬂ"&&le BduaY %lslgé’ﬁ, i's
known from Uy fst Hﬁfaen&rl}bmcﬁrdégﬂ'l the ¢SmbinBi SR géﬂsw{gsﬁssh reeoaeadstyh?oto@r 1:1
wi Il supply oversanpl ed denpdul ator response containing rEal and i'maF;inary
baseband si gdadeslirigretiies lsyyddoodimg}mdhsmnmrof&'ﬁd I¢derel sebolesupplictiag 16.
After synbol synchronizati oglsfrthg]eo yersanp c{gdat are d Cll mat ed t.0 460

ext r act 2 Hhs e FFSPEJIVE- QRN SgP Hﬁf’ ‘”r"ﬁ? {152 BB G anpl e

rate through Jrhﬁleggpk&ﬂbmﬁdgl de§eb ¢k ﬁ'x%?ﬁxdfs‘ééorﬁ‘lniﬁiautt;@ﬁlser%’é{réc?ﬁ%féw fand

ghost rermva sync~roni zer and equalizer cirtcuitry in whic

arrpl i tude eqswdpll)zlag inoesppelecaemt signilchersfymuhisennzeatddan recedes- the fasti on or
"phase tracking” is als? knovvntothose ski | | mthea%of digital

si gnal recei Qe’FO%Fé’sslyé“rP deodingapsults App EesBECVA BT HIPRYS Signg! WeTes it 1[58? si gnal

is resolved Ig i ption

of an anal oggés%f/)hg eﬁéﬁ%ﬁ?ﬁyﬁgﬁ%ﬁg a??&&%ﬁ'?{&gﬁke‘}ﬁ%q bgnﬁgﬂ&f%‘?’iﬁaG out put

si gnal 38 capeafeudtk yhegatondiaptrsidniabal thy s&nyd bnear obmbaeer &he tambmanomet hods)

so the ideal step. levels for synbols are. kngwn One .net hod of gla ntrl)
preferred be&ﬁ%é‘ft‘:ﬁeﬁeé gy ?’\é@b‘@ﬁ%c‘ﬁw dstegminHng Sthep sympals-ug

exer ptional | jpetaly seband

si gnal suppl %he[ ron?r{1 Bln gﬁ%\ Ee‘{;&éq{rg te%lgr 4§¥ng§§ ﬁ%é]rgrg&?%(fpfevel of
+1.25. This ﬁmtehndxgoﬂcajayrnbalai&tascbhg rw:lgenhmnaslyh;boibescd itdredthtd synUhrdﬂizzqtiahent

No. 5,479,449 and is nore speci~tically B. Patel alii in
al | oned U. Sreplsteamined spRpRE3T Ighe Si&ranet %%g? IQ‘T‘%’ 314-&“? ?%@P‘TS“% Br

o1 o TAL 1 o e TP HIGR P G R e o M e P R )

reference. signdl3hédrefrorf 1&€heseeanbiielaydepist asttgrraﬂpeém‘mmpimesx@arl cher¢atyfot6 is
supplied as input signal to data sync detection ¢ircuitry | ch

recovers dat gctiviigths ydsahyarol aeGog Tl Ant fist O#Héﬁd’“ﬁﬁ@n éztaé‘ sf@bment
synchroni zat | i.nf r | S si gnal .
Alter.iati ve’IeQinf [gi npu& P{‘lgélfo th@‘sE%a{i gggz;ﬁ/’nc (;ejr%eggt ?@H%drfgﬁp t 18 can be
obt ai ned pt ~gdgndle ThRufLs ﬁﬁmti;ﬂéker isf doadieieha mzeﬁodu@mnﬁmetpxs|sigmhﬂhe§asrpl es

at normal synbol rate supplied as output signal fromthe CI rcuitry 1,G are
appl i edP28s t oS inputsignagnhen danly-ghengygoieysee (g L BishionI 8P 21 The
conmb filter f:] £t t (pair of
differenti al %Qc ﬁ%@% 'E‘{;"ar"redz’aIrirrge 5“9%%’@%@%@%’%@8 S angﬁgﬁﬁ rst

litl ra~r colmmmﬁlwerzsﬂzzmﬂmnkd AcRadt seteidnimes, tdepdiditertreruigltsigndedfy ed
synbol streans to generate tl-e conb filter 20 resp é)nse As described in U
S. patetu Nothesegrmd lingar combingrias §rst geyiegded axmbel deeadipgFesHdvi de a del ay
equal to the period of twelve 2N—I evel 490 synbols, and the Frst |inear

combi ner 20l can be’'a subtgpeio Iggqr@j:q};gDme@b filter 20 out put
signal is resolved to ten or rmre Its and 1s) 1n effect) a digital
description o'an anal og synbol exhibiting one of (4N-1)=1 ~ levels. The

s. ~mbol 33y nchr oni EEFURRd 1equ:bdckzselnenmn|C(dmgtWOlﬁdlglabweeymwslaealdmlmed to
suppress tt~e.diregc as co e its i S as_expresse

i ortal 405 SIS SCecHORPIEG fit bedort Sy BRelee SHEE 2o hEPHEF DR AT Bvel of
+1. 25 and appRaTafict Srhb§ de8Hind 35 SdcorfcShER e ifventbh eshd s 4 be.cRafmel ex
denodul ator 14 owi ng to detection of the pilot carrier Accordingly) each
sanpl e of t hieterferensetdeiecm6 tautqrupares thneteraipppl e bascbawhb filter 20 input
signal is, in effect, a digital description of an anal og synbol e?chtbiting
one ofthe follow ng normalized | evels: -7, -S, -3, -1, +1) +3, 500 +S and
+7. These synbol |evels are denom nated as "odd" synbol |evels and are
detected by an odd-level data-slicer 22 to generate interimsynbol decoding
results of 000) 001, 01 U, 011 ) 100, 101 ) 110 and 111 ) respectively.
Each sarrple of the conb f||ter 20 out put S|gnal |s) in effect) a digital

o o o Y - r 1



~~f ~ ;Y ?DD3 -18-. 2~ to generate precoded synbol decoding results of
001, 010, Ol 1, 100, 1 O1, 1 10, | 1 1, 00(), 001, 010) A |) 1Qad MA1,.2003
110) and 1 1 1, respectively. T he data-slicers 22 and 2~f can be of the
so-called "hard decision” type) as :i 10 presumed uF~ to this point in the
description, or can be of the so-called "soft decision” type used in

i npl ementing a Vitcrbi decodi ng schenmel2Arrangent; nts are possible in which
the odd-|evel datFGIRE?:§a 3RcRRchemMEic QvRRarh Y 8h NABCcSEHa08E! RretfepdiRe
replaced by a single data-slicer) using nultipltxer connections to shift
its pl &Gé i rdegdcrgupt uggrial theok] ' dlélﬁﬂagglquﬁlmﬂgﬁ%l r{qesvesl i ci ng ranges)
buhese an~angenents are not preferred 15 because of the conplexity of
operation. The sy I n i L2 i iyt ) s resuned
"Rt he Tor egot ng. RREE Rt bREs ‘BlerlS Ak LS bofich SYLIHL AR aR BT 00
conponent 0fsigrabrdcajyai ush @NaNTCAsreRxpsresselsl filter Ehifghe tsinbsbdgebeiny andtai ch
direct bias conponent has a nornalized |l evel of fl .2~ and appears in the
real basebar®sspgRgIc Bl afersyaibel dreodmg) inaskendasce yuib g IRYSERION: andowi ng
to det ection.gl, {DecilhlinRALIEL el ALY RINIING SYTRAb YR UON Zer
and equalizer Circuitry 181's e5|gned.to eserve tHne direct bras
conpongld ofpatenbapplietition s@nRaNo. @hiye DksilSPO4l) fied 21helagkdisliogn. of t he
equalization filter in the circuitry 16 somewhat. In such case the

data-slicing levels in the odd-level data-sficer 2:: are offset to take
into account the fdGLERE 41k ablockhrisrent dreranplbmperHgn aba digigl telgvistort eps in
its input sigf \VANO | _Lhe. fi i - i i
subtractor, b%‘%l ‘Ffégr‘(?‘-l"n\llesq]|rk %cﬁu?sgf%?g“{{l‘s&ibséi%%gng%rg?%%%%gé&%ﬁ aﬁ%gpreserve
the direct oasodiaproneniitcohfiértsymbbpdecodingnialactadaree widimhe dusenden, andr egar d

to the data-s]icing levels in the ~:ven-I|level data-slicer 24. El lcBW%ver) i f
the differ ensingla @etrapnglrivigriersacesetects of prye drseuledfyvibe veppr iz UcRosen so

that the.frst. ljnear. conbi. I &1 [ i a-slicing | evels
in theBg?/en-pf‘té:\‘}e{‘]ppg]egf'tg&[s?ﬁnggﬁog@‘%‘gh%bﬁgSggqu Fge% O‘\tﬁyaﬁ é%%?,i nto account the
coubl ed direct bias conmponent acconpanying the data steps in its input
signal . A cornb fRAIGURE 26 4 blocis sthembtiediaghe stobhdnglétgity of e2gbrdomlofthk t o0
generate a postcodins filter restr}onse to the precoding filter response of

the cnnh fi FI@WRI0l. FRARESE op BHEURE 4 digita) dele vigion di88aliC e Ve fopcsmiag Bf exer
261) a seco tnears G LQ8r o a : ' i:1.h del ay
cqual ot naneBiRd R R B g S BT AR R B R AP g
-19conb fil t&@ul2doring Baa spoansidatiog anercalshhd srle@éPati she timdufion8 adder i f

the first linear cotnbiner 2U2 is a subtractqr and is_a nodul o-8 subtractor
i f the350 r sdatarshieenresramee b pageived bachangdryanto! cades of fiegy Pastardsd conbi nes
2()2 and th Lo i } ~ : r

retpect i ve FEARTER trsidSEla GRHE HBRRsShEseE iy Reibhe BRPRIITHRL ucs

oper ati ons gefdnidiriges Wiethér & WPk tredehed basebaid syniladl esddsrvobwbathntidile out put
signal fromthe nultiplexes 261 titm shes the response fromthe postcoding
conb R ter P&eahNTiSC cajehaapednisifercaes second del ay device 263. The second

| i near conbi nes 262 conbi nes precoded synbol decoding results fromthe
wen- | evel dat a- sl w245 j { oS . ; d del ay
devi ce 263. The: F}éﬁtggﬁ%é'sﬁagbg%# %:? er%] eC ‘%}rgéxtg{ﬁp(ft‘e%lirg{s}ﬁlj%‘q{e?{e%?ggou@gg@gne of the
three ppput FEGURE & applied to the nultiplexes 261) as selected in response
to first) second and third states of a nultiplexes control signal supplied

to the nultihlex 1 froma controller 28. The first input .oort . of the
mul ti pl exes 261 ?i@é?&ei‘siadﬂ%‘fkf fBotc cﬁ%aﬁ’e%fé’ 'ﬁ{j'rf‘é‘g"&f|a?‘gm§88%fq gt ?é om
menory w thiefigijg ¢ontroller 28 during tinmes when data field

synczroni zation information F and data segnment synchroni zation information
S ‘romthe equalized baseband |I-channel signal ace recovered by the data
sync detection cFIGURE §iskshlogkheshempria Ghgrem shgwingpiiibsoftaporiion afthet at e of

th I 'tipl ' .mul tipl. . 261 _duri t hese. ti ,
condi t 1 on nb G HBE5TTRURE BPEvIATReN gty b GiF S neettar S Lotgay ™ °
resul t gsphi gnas@r"i@edi dyeRUERYHIng 8RS dufifteddidl el chfonihebn dmesali ng results

supplied frommenory within the controller 28. The odd-|evel data-;D cer 22
supplies interimsynbol decoding results as its output signal



to the second input port of the nultiplexes Z61. The tnultiplexer 261 is
conditioned by the second state of the nultiptexer control signal gpa 1Ay 2003
reproduce the interimsynbol Q60 decoding results, as the final coding
results which are its output signal. The second |inear conbi nes 262

suppl i es postcoded synbol decoding results as its output signal to the

third input Irort of the multiplexes 28B3- The nultiplexes 261 is

conditioned by t hEIGHRE® ist&l@kathdrutic didbirir Bh&WRS detiil b8k rshiials
reproduce the postcoded ﬁ%nbOI decadi ng result ~I,?I%as tlhg fipﬁaIm‘a‘I)'cIII%g

resul ts whi dHOHRE 1 EIGUREdtorFlGHRE 4 SamaRgleisien sgnadreseiver tdhen grest coded
synbol decody r 1S, t.codi filter 26 are curtailed by
f eedi ng bacﬂ“?ﬁ% rlg%gg(IéLs{Iﬁn%gIty(}znﬁgfsnagP?%s%lj?@ggguappl ied fromnenory within
the controller 28 during times data sync detection 2 ~ ~;;:~Y Q03
-20cireuitry 18 rEIGIoRENS idablack satkthady dipranbatih@Betailé 6f- 4B4HiBA oF yand dat a
segnmen yncl t.roni I =~n_infomration S, This is an inportant aspect of the
i nvent I33§ \II?AIEIIIIIISI?III%IEEP% IQER&E 1 ¢igual tpleyisiontsignabiescaiver when Her on in
this specifiNpd¢ 98 ectt I contH it nsy l¢. 1e,mul tiplexes 2fil in the
post codi ng conb fIIIe% Iar 206 coII?rpr P?é%}%héegirﬁﬁgéltdgg imbol decoding results in
3-parallel-bit groups) assenbled by a data assenble~~ 30 for application to
a data interl eavddGRIRE This addoek schermatiedingmmishoadngridtail st 4 hetiag semmel ed

data into p eafs. f application to trellis 57~ decoder
circuitry S?I(BITIIPQ Iﬂghg‘gﬁétgf Eﬁqyg&iﬁ‘IIE“%I:&"IEHW@ﬁt&“éhf&wyefu‘s@ el ve
trellis decog&yS e t | NG_L:asul: re supplied fromthe

trellis decgggééﬁJgégﬁ)intcﬁgIbgg%rg@(ﬁ%qugex-g?eIIIlIlgIIaggver circuitry 36 for

de-conmmutation. Byte parsing circuitry 38 converts the data interleaves 36
out put 380 gnal i nFOGBYEeR? sfa tReskdscBohaimdiagmmaho ey detdilsait aguehisrgof @E

application ed- d ci.reyitry :t0, which S$Q perfornms

Reed- Sol omﬁI(gggg:dIdrIgaI‘@I%gﬂ’éfmﬁ II'EFeEIE‘II?‘P_%E‘tg@%I fﬁiﬁ‘éersi”(?ﬁ@éh‘? suppl i ed
to a data dRSENEGTriER Combilel BRpOFS § 208 RBURTIERY, =4Z suppl i es rEproduced
data to the remai nder of the recgl ver (not shown). “The remai nder of a

conplete DTV receiver W It include a packet sorter, an audio decoder, an
M ' EG 2 decoder HHAUEE I3ds alblockisehameatimidiafram showing XEViIs @€ @ipsaiion sfahé por at ed

inadigital r rd repr rp.wll 5 inclyde ¢gircuitr,~ for
converting I héé@g‘gtla%fﬁﬁg‘%f%?%qu‘ﬂ%gé&ﬁ'ﬁI If&%\?wm e Y afsa the

i nt er fp7eNCRTHEL RfcBEN corhb FBPthSIdys e viatfrahl 861228 Wi th an indication of
whet her NTSC co-channel interference is of sufficient strength as to cause

uncorrectable error in the data-slicing perforned by the data-slices 22. If
detector 4~ indi FIGWRE lttiga Nipstsehsrgtiadingram shering aaligita! televisibn efgnalich

h, ; . . il I
ul 1 ol oxestcter bt R s el b B K lorBloRsrilet  nan those

tinmes when gaital He®ldthgsynchroni zation information F a~td data segnent
synchroni zation information S are recovered by the data sync detection
circuitry 18. This conditions the nultiplexes 26l to reproduce as its
out put signal t WRGUREAS s ayamsemblycisggem ghewisglhoy BIGRRESdSArndh! SRean

td-| I =Sk : -44 i ndi t.h SC co-ch I
Crt o7 PR0on BB RLEEEE G forare binfe Rl Bl PR AR BSn i erifi it e
dat a- sl i ci nigseiptionarnhmdolyws, MhiGHEEIGURE ¢§Sh@ds ddthies Rpiibel I,:&Ilfe seRcitbd | supply

the third state of nmultiplexes control signal to the nultiplexe r 261 at
times ot herciicHigy thatoge bejupekingrdigital dglevisipe signshmeediverrif 2l type shown-id' ' 0~3 2b
, L. =21 Infﬁb‘ﬂﬁi}f g% F and data segnment synchronization information S are
recovered by the 600 data sync detection circuitry 1S This conditions the
mul ti pl exer 261 to reproduce as its output signal the postcoded synbol
decodi ng resul t FIGURE deA iesbiaele sth@matio diakraaw Blwihg getaBS o dikcul bR dbe
second Linear._conbiner 262. FIGJRE 2 shows a formthe NISC co-channel

i nt er P89 enddCHRELE ghzitaltelexisianasignal wiseiver fosepnaratingarpsovibead symbad novel in

the art. Ad%&%iﬁé‘?ésﬁﬁs ELIIn:n%:IdafII sfyII‘IQIIrgHIIZIlﬁIén inIc’r\TeIls.




60~ conbi nes the interimsynbol decoding results supplied fromth? a MAY 2002
odd- | evel data-sliver 22 and the postcoded synbol decoding result 'Opr(y\vi dg@
as second |inear conbining results fromthe second |inear conbi ner 262. |If

t he amount of NTSC co-channel interference is negligible, and if the random
noi se in the baseband |-channel signal is negligible, these interim and

post coded synbol decoding results shoulg-be simlar, so 610 the difference
output signal fremyRe 1%!13bifsraao%&rs,cﬁ§f%icﬁ19g&,q shswlrﬁvweldif drfcARYRLHOT NTSC
co-channel interference is appreciable, however, the di ff erence”out put

si gnal fronFid{gREUBtchgict] ozlevisibd signhll receiter lfer sgaanghmyng oymbdludecodihper W |
often be high. A neasure of the ener in the djfference output signal from
t he subtracrteé‘l‘“slfh’i"‘igs“rﬁl%%f%jﬁé’awffﬁ“éig%éﬂ‘%ort‘ﬁém&i‘“r:@f%ce out put si gnal

with a squarer 442 and 61 ~ determ ning the nean average of the squarer
respongg over a prescribed shopgAMED PESCRMPTIGIN D @ nmean averagi ng

circuit 443. The squarer d42 can be inplenented using read-only nenory
(ROM). The nean averaging circuit 443 can be inplenmented using a delay |line
menory for storifAyvaenspaintsingbesiséuits shivwn {rathe FAGPRES afitble dravanigler f or
summing the,digital sanples currently stored in the delay |ine 620 nenory.
The Shor t - (CHAREAFEIRCUIRG A BY i<l arasy Ui ULeseatines BF RSB BLISSaEes gnal
from the sURLIAY:Anddttooaty :ﬁ@geeskmceweﬂeyn&hgdé@@n OURLAAERG; Shiheildy 443,

is supplied to a digital conparator connected to provide a thres

det ect or 44t offthe drilinegiabiodt a partibelat shiresing delajetequirementdid Wik nsubd i ci ent |y
hi gh t to be exceeded the short.term nean-average of differences in the
randog‘gﬁoi §épgﬁl(§5ﬁf)§ﬁ§? Ry the Spestiisation g?h’%@f"w62~ decoding results and the
post coded synbol decoding results applied to the subtractor =t41 The
threshol d is excaefedE iifshbWe aidigithelev s, kedefVellife@rBNReoVetingl
sufficient strength as to cause uncorrectable error in the data-slicing

per f or med Byror{serreeteddathi which 22ta atthsyitable detrererdigtbyot digital-videoseaspdtiees t he

control ler 28 indicat] whet her or._not. the threshol i ded. 2 8
"20 1Y 20048 RS W?’S%? decpduieing SP&?Yg‘i”taa‘F’eﬂél"é\ﬁ”si@}f’?‘&g@iﬁﬁ differing
fromthat gdT\kEHREreleilver ik BROwd Ekeﬁecéibihgldéléxfi%ofu%Foa‘é@és@&i@hﬂk%rﬁ‘@et her or not
NTSC. co-channel interference is of sufficient strength as to cause

uncor #8@t abtesiving enteime §.Heit dart weeive thiesignplsifom awseblbpetvrek deteadsTheer 2 Z is
of the type described by the inventor in LJ..S  patent application serial
No. (. at1y telfyipion pegrsieast signls grestpRlicd i IRPYiERaL IR Tt 1Y FoTIRAD. VI DEO
S GNALS 63513 =Rk Al dchffte Mk R In TBEEL MERSE0R ) TGRS,
INTERFERI ~NCE IN DI TAL TV RECEI VERS". The DTV signal; as convened to 1F
by the "fr datcendr @heetingmidis-fitQuency tederipbn signals taintdrimedizpd-freqemcghai n =~6

for NTSC signals. The IF a ifier chain 4ti for ,NITSC signal s..differs from
the IF anplt"lqﬂ"%‘fmé}%'f‘lr?' ﬂ’?é’ggﬁll PEIPRYEN f°oWdP‘¢W§‘&a§ﬁgﬁ?&Fg?Ye@ﬁ)vers. | nsof ar
as m nd ,galiRes ih15& Adband DT VC { apkidilgrisstages in the
1F arrgF?fi g?ﬁggg ﬂﬁggf?fg?%l\ﬁ%é siégﬁgl S coﬁ?ﬁpgﬁ% ?o tjﬁe xarrpliqi fier stages
in the 1F amgftiabiyef phival-corih2rsiartype Withsheglifadrspliffeaehaig 13ulnstudmigad |y | i near

gain and having the sanme autonati ai n_con .as the correspoding
Aol 11 er  CHeGRATt AREASH AR S AREHANE P2 SR BGFEe @ Heband of

the NTSC si,ghad;o isqd secdR gk fol ' o e
e T SRR DTS e AR i

si ngl e- si detalified DT\ kignalstez vérg-higlefrequenty basndppnies fetherit the | F anplifier
chain 46 to reduce the ener af co-chapnel V.signal. The reduc he
dynant £ r afgErmRet e Ao oBTP e of AP RS PANSUE e P e TG HaGHY onal
antplii:i Cﬁaﬂrcf?rlfatm\st.%ﬁo&afsas@cgmﬁw pdr e d th R R ARASRIAE, Be IPGADIIREAEO
carrier oscillator. used in the conplex denodul ator 48." The filtering

pr ocedur es chain 42 tva bl fugher6 89 uddethixdrddwictir fiorgfony¢reing Fhesarmplificd RT Vohgriats 46 can
be carried out. hy SAW({.iltering in HE | E anplifier if plural-conversion
recei ver cft P"l‘l.jlr‘9'ef’§‘e‘Ef%tétf.req?ﬁgcya%?icﬁsg&oIbﬁS% onse of the IF anplifier
chain a6 is supplied to a conpl ex denodul ator 48 for NTSC vi deo signal)

ei ther directlyppafedtlyeh sa@i-dcutdirarva@BAMY Bladriio Bsed ThenCFahSKier for
denodul ator 48 supplies an in-phase |-channel response conposed of sanples

of 658! NTShedighdland,rid shaps qhapnel slegiionderronte andoamplaanjacant drunddpi Thists. The
conpl ex de l.at or 48.al sq, suppl.ies rature-phase Q- channel response
conposed ogB‘SJZr@FF &P ﬁ‘tarﬁ%’(afyr?ggtﬁ’r%?@d %8%%@%"‘00‘? fﬁ’c"&@’r?p“%??ﬁ’gcgwer
artifacts) which sanples are applied tc~ a Hilbert transformation filter

50. ~hhe Hilbzrt transformation filter ~0 response is s~ipplted to a |linear
conbi ner 52. The linear conbiner ~2 conbines the hli0O Hilbert
transformation filter SO response with suitably del ayed in-phase |-channel
response, to ~ ecover sanples of NISC signal substantially free from

o PN PN\ PN N~ o, . o R N -1



67Q over 1 prescribed short tinme interval with a nean averagi ng 04' gc,uhg, @33
This estimate is supplied to a threshold detector 58. The threshold i'i't

t hreshol d detector 58 is exceeded if the NISC co-channel interference is of
sufl;tcient strength as to cause uncorrectabh: error in the data-slicing
performed by the data-slicer 2?. The threshold detector 58 supplies the
controller 28 indication of whether or-hdt the threshold is G/5 exceed d.

FI GLRL 4 shofxsqunéy gf thal VSBDAW sgan an@aRipiet cahtitd emidids b Are frbgudnk 1
and FIGURE 3 receivers in that the circuitry for determnittg whether or
not NTSC co-@Hasdamnlinds: f BHeRadY fierdccardingixieiasts muchedights as to cause
uncorrectabl = error i e -sl.LC] rformnmed the data-dicer, 2Z is
of the type {5 “(?P? 'é“d’%t‘)‘}y"’t‘]"tdh%ﬁ}‘%%a?ﬁt" ro‘srﬂﬁxQgﬁg%@g&%&ﬁéﬁfm@ggﬁ?f‘@é’f‘ I on
serial 45¥0. (RhyvinpPhits FMGund pactied @thng Lo VBaglR| @ fermRAnRBEITY SigdnalURliNG

| NTERCARRI ER_SI GNALS FOR DETECTING_ | "r TSC TNTERFER : : NCE I'N DI G TAL TV
RECEI VERS" . [Frenmifferyhainddairgveats asiifacte of that ¢agrianbeinpgepneated wheit therfiral

el ectronics ;10,.15S S | to an.l F. anpiitier chain 6Z of quasi-parallel
Cype for Nt s SPRHSAT efpdf pelso P wm ol astl B sion Bl Por “oas
chain 62 f orinierfbi S wiUduta-5li IR SthERIYaS&RRN Sy thBu 1§ HiFih Ay bR de Ed BRg STROES I N
the IF anplifier chain 12 for DTV signals, having substantially ITnear gain
and havi ng trevessias o4 audnatifastsgateriermwvith daaslicing of tose basshandchsymldb i fi er
stages j.n the 1F anplifier.chain 1 Th~: frequency, sel ectivit f the IF
ampl 111920 ciilymeas el dssaningdS beher fisn 87 brecoo MR ieDipgoREd Ry of Nrsc
audi o carri efjng BMFdBidaralstiefhgkHz or 690 so of NTSC video carrier. The
filtering procedures to establish the frequency selectivity of the 1F
amplifier chain 62 can be carved out by S ~Wfiltering in a UHF IF
amplifier : f plufhs Srabldreiten sigaslsifioat theilF emiplifigr ¢haingteare syprliqdtofonse of
the IF 2 8 fvy? AR I & ~i.n 62 I.S: i .

intercarri e%oaggeéc?%ép%J%tgl. \7h|h(1:"{¥l %?@gn{aheéQ%;thgkagggﬁllagg%ﬁpgletg&éar rier as
an exal ted Gagdul@fonf DTVheiRL hdjoing ihRAnddidie-$eqaetidy ®asdtd feCbvdr@ éai~5
grnerate inte~carrier sound tntetzrtediate-fi~equecicy signal with a 4.~

i vt Hz 43R~ dasaband signalyand an imaginasythasebapd Fignals Slempdulationimpydhe depednphd Fed
by an intercar.rier-sound intern-tediate-frequen anplifier .66) which 4.5
Mo T anpl et FRE R R B R SR el o
intercarri empaadm ihe Yee nikghefd OfanSBas deheriBe@ FRONAMPRS byt DEBAPREN drige iglet ect or
C8 is averaged over a prescribed short tithe interval 7!Ec W th a nmean

.averagi ng &-Bcrantp. S473.4%Adssued 26 Peernbes 4RO nand angigled § &bBo a

i S O8api. PR
excocded | f THERHR WETHRARSE IRAGHER AF BRIV AR TS, Sngthn as

to cauggs UNRBECEIMERD! eaRérhfively) dbMBdulstadnimsy bEddHE iRt AalfreBind he
data-slices 22. /1-he threshold detector 72 supplies the controller 28

i ndi cati on &fhighheasaghe rgsulisare ugvally pubdestrs t@ analogste-digd@lcom@siq WURE ~ shows

f d, ' ich th i pl 261.in. th t c0dj nb filt
56 1o i etedtals ot BofSnd™ rhi FriRER i RS B e g two.
?-input nul Eﬂ-Fiﬁ?&Eﬁ%-/g@ﬂr%@lﬂ(ﬂie%@a_@lmiJrl”'ﬁ\d(&ﬁﬁfaﬂlrk-%has%&Qf}E%Jk@@n&.ﬁe out put

signal ti-om SC co-channel interference detector (e. g., 4~) as
control si gdemodyationn The digisaitresnlits of fledresgoing dgmodulatipn procedurpdT SC

-ch | “i.nterf. i fficient st t h t abl
orror T neStyRRHSEAPIas B8 pS Atk St A R NS B Sl 1 ng
(ONE out put ep&iddMabitd 6008 NEuEney, B-i£E13MN.Ithd dakeWvhereqRE BIGERECE DTV

conditions the nultiplexes 2611 to reproduce, for application to the second
i nput port 8ignalirecaivartreqsiives@aghpagh therdiebieadaasiode theaptror 1d@pd il siyterrsul t s

t he second |ipnear_ copbines pli.es to the. first in ort _of the
il pl exes o FosSTPhoth B GIRIE ] EE A PRk fr B Sfe s el e e
strength toofdesevdntioRiy Raha @c@hibRbf tefredthial ElafuahThd-eir BeoddesdiQtapdt ed by
the data-slices 22) the resulting ZERO output signal fromthe NTSC

co- chatthel FHeW dersanot shaxe theportioma of the AaT'Y eeeival piopidn@symball t o
reproduce the i,nterim synbol decpdi esults.the dafa-sli.ces 22 72(l

suppl i es tog‘fcﬁ)gm%%‘élne °|¥'r?8[ffuk?(5’r cc%‘ﬁ'g% f% rcrrcﬁlvt"ldﬁ%@%easbhégffuﬁ% S¢ reproduced
interimsynbol d~cocling results are applied to the second input port of
the nultipl exes Z612. 2 8 ~, Y 2003 -25FI GUI ZES 5) 6 and 7 each show an
OR gate 281 berng included in the controller 28. The OR gate 281 supplies a
response chat is a ONE, when the field segnent sync detector 181 supplies a
ONE thereto in response to the occurrence of a 72~ field sync segnent bei ng
detect ed) and when the data segnment sync detector 182 supplies a ON E
thereto in response to the occurrence of a data sync code bei ng detected.
At ~rll other times the OR gate 28l supplies a response that is a ZERO In
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730 261Z to reproduce) as final symbol decoding result for application to
the data assenmbl er 30, the output signal of the multiplexes 2611 g@pplAYeddld
to the second input port of the nmultiplexes 2612 as better estinate of
synbol decoding result. The OR gate 281 respcnse being ONE conditions the
mul ti pl exes 2612 to reproduce, as final synbol decoding result for
application to the data assenbler, ideal6édecoding results 73~ drawn from
menory in the conwmhpbwnzeronszsr qufluwedéls@hifbég r¢ogivge phlepstithy digétizedn i n

hows: orCh ¢ ek SR B e BB EEcrBafTh ¥ o B! B hE st T or 6.

The 3-input gathbdnh©xes; iReHe CITURE $iDTDV kaveivér ihdRukuiimyl (4 @Isﬁra«.e,ﬁ 8lsg611 and
2612 is replac~:d by a 3- i nput mul tiplexes 2610 conprising three 2-input

mul ti pl4er srepdivimzethe 8igitBt0Magindry28 008 oﬁu@gmdmnsmmaea(%dmnhcldat i on 2600

Sommr sh oo GESbaf SE the bEfuore e & ligtORase ol il Tk MR 700 e

nul ti pl exes &Qlﬁ@e&@mt'céﬂnﬁ&shﬁé@f& g'hBHHEncm-r'l't %pih@x&reﬁvea L a0 02
receiving their respective control signals frort~ th gate 281 74S and

from t he Tf TSGchwnedeanmbéquatirarcireviondé pd@{léa:stsambOTWwatzaogdlong conb
filter 2600 provides,sonewhat d fferenﬁ erati rﬂg resul tl hg@) he post

codi ng conb fATPEIENAS ¥alh 35aMPlinde e ‘ﬁt&n T1EH2V3 éy 88 post coded
symbol gecodiynghiopsdt hsd XHLIah;vérQﬁ@mtrerﬁrWBkh@?%Gl §Gch@fatisn WRBomPAsHR gat e

281 response’is ONE. Wien NTSC co-channel interference detector supplies a
ONE i ndi cati Wmtcrmuplt\rr@eqﬁa@z:amnmlmum fromtlB 1St patentddo.i 54 W44 fIhisorkent

strength to use un in the ta-slicin e-forned by the
Ght ool cos attns T SnoR iAol Sullpretsier AR rRguRiqr g bons ohtaintng
P~2,:-", " d-aﬁgﬁﬁlm%@b&% ades uR%TREb! $2eRYhnE: BRSHUaiz@S f'na'
synbol decocf%ng relsu ts for appl :gqc’atlon tgi;h'tB gﬁ‘ata asrsenbyder %}U When NTSC
co- channel i mtcartbelénaetedalmkml synLthmpzhhen shaovEROpledldgarrevdecirhaed MI'SC
co-channel interferenc i nsuffici ent 7€~ streng&h to cause

uncor r &&Pap| &var sed %tl q?‘ém&éflﬁn 13 BTG SURPY RSN I SRR | ver 22)
the mul tip~lgxeE hgﬁé&@ﬁalsfﬂte‘?&l%%séd%r Hx'%&:ﬁ(uﬁ%é&dﬂ%@t‘uox@ﬁﬁl%o@guﬁﬁ%i ts from

t he data-sliver 22 as final decoding results for application to the
dat a assenblS&nnizd syw: trorondr aa;i eqmﬂzmmnty lofwttltiomeplmnﬂeaqmlaymmnpredetmd| ng
results by ideal s decodj resylts., 760 FI.GQJ ~ ows the

mul ti pl exes “26‘%?1 g“wm%ﬁenhdle%‘”@‘r’%t%r Phase éka‘“’E o‘éi’?ﬁ?éﬁ"’\)ﬁ“ttﬂ theng
circuitry f I i cnding results applied to the
mul tipl ~xr: %&Egﬁgﬁ t%éérpgﬁ? ﬁ?ol Sg%’g!s’e%%qggggn ses the output buffer

regi sters of read-only nenories (ROMs) 74, 76, 78 for selectively reading
to a 3465t-w de cEmbu’amlplmehb iramtryt tﬁaoutp'httSﬁgnaéiserssoI@_‘d 1@ teTowempnd biispl exes
2612 further conprises a,tr ate. 76—= buffer 82 for selectiv f gr war di ng
Che- 3. bi t il ok BUitctor dietial Ghintaion oF a8 h sHEbR Reh Bi A A S E)

levels. The circuitry 16 output signal is carefully gain-controlled by any one of

several known methods, so the ideal step levels for symbals are known. One method
of gain control, preferred because the speed of response of such gain control is

470  exceptionally rapid, regulates the direct component of the real baseband signal
supplied froni the complex demodulator 14 to a normalized level of +1.25. This
method of gain control is generally described in U. S. patent No. 5,479,449 and is
more speci}ﬁcally described by C. B. Patel er alii in allowed U. S. patent application
serial No. 5,573,454 ﬁlec[ 1_§ December 1993, entitled "AUTOMATIC GAIN

475 CONTROL OF RADIO RECEIVER FOR RECEIVING DIGITAL
HIGH-DEFINITION TELEVISION SIGNALS", and incorporated herein by

reference.



The ci: cuitry for generating the ideal synbol decoding results apg ied P03
the multiplexes 2(.12 conprises the ROV 74, 76) 78; a synbol clock
generator 84; an address countt:r 86 for addressing the FOV 7=1, 76) 78;
jamreset circuitry 88 fur 77p resetting the ¢ aunter 86; the address
decoders 94, 96) 98 for generating read enable signals fir the ROMs 74,
76, 78; and a NOR gate 92 for controllihg-the tri-state buffer 82. The

addr ess countc;r Bt egputssgriahfyom thatsestry ¢6 & sppdliat asypinaligrel exdada sgna at e
fromthe synbol clock generator 84, thereby to generate.successiye

har esses ) CEREUOD Gar YTdaB R DRV e g MG R e T Bl o brad

Sui t ab'ﬁopor&zermzn&fm §HRERNAALEE FISInA0R s7f¥anamb0éc{u%ﬂzéd%atsaﬁnhtx%mYé}) 76)
78 as their 1 nput addresses. The jamreset circuitry 88 resets the counter
86 to appropvigral.e Atlermatively ebp orpai signal ¢o dath aynd Gftettios girchitmynliSzaniben

i nformati onrfg .and data segnent synchroni zation information S recoverzd by
the data syrRO‘HBEEREIIA cBFFERHTY 18 of FIGURE 1, 3 or 4 It is preferable
to configure the counter SG so a group of nore signiticani bits 780 co~uits
the nunber of dat-fSSGARMY-dM&findl fpAall aAFR:s A0 Hordi0hl By M hOURLeh phF&Bas

significant bits co~ults the nrunbér of synbols per” data seghent. This
sinplifies tdwpulsgnghfromh thdhrarcuitpy 16 are applieB0Be pif signalased circuitry 88;

reduces the bit-w dths of ipput. signal to.the_ address decpders 94, 96, 98;
ind {2t & AT BSC e ot o0’ A ami il 4P SRy L AT s oo
fiamthe coypleherd.a aaﬁcmlta'm&eﬁmymetaym l@k}aﬁnscaff RO a8k §PRbOS and § Tirs(The

EOM 74 stores i deal synbol decoding résults for an odd Feld sync segnment
and ~s sel edinewetombinat?02dof hwearlg admbipingy/the dofiérontingly leMEd fymbolt steamddr ess

decoder 94. The ROM 7=1 is_.addressed by the 0 f.less sigplfjcant bits
of “count er 86 SR PR ShaS BB Hgetmasabireclbek i cr ot Naab2shddhent
group, and t, @ﬁﬂ@'ﬁélﬁf%cﬂ@&?@ﬁéan%rb“viﬂ@a aag?%ugl@o [13GHeBbQ WP 10dvEIPR e vel
significant bits that counts the number o 90 data segnents per data
frame. 490e aghbebsantihe diest Bedr cperbinea283 can BNEswthmntoan8adniaynpihefithehe dat a

segnent portion of the address .supplied by the address counter 86.

cor r esponds emb fsﬂplFFé 23(%‘?%% sigpd! wsgldadefq t@K r BPRCOLH R ID exifel RIGiaY 6
stores ideal al, d ' H%CHI LSibiis @R BYAR. AL dvgync segment and i . ;
sel ecti velydgglcé lgh Of%gg]?delg%silg 37 rleclfe?ﬁgvti ng:? ON franthe address 795
decoder 96. The ROM 76 is addressed by the group of |less significant bits
of counter 86 outTuts tribat synchmonizet dral aqualieer cofuity Hbds prepanedibe desssgdent

prong; and the address, decpder 96 responds to.th roup of .mare significant
Di 15 that cOUMRPRTHdR iFRSE P25 FORRRREALOGIRP SR (A (CAPRPSED ! addr ess

decodeng96 gensl.af Shich &he: ¥RSLRBh-AMhAS 2MBPRLRR 1@l 3F $22BBAY agﬁsa&; gn of
the address supplied by the address counter 86 800 corresponds to the
address of am eekasthaddigyhaipphehirom. thereamptex Nemadwetor &4 onilegato synbol
decoding results for the start code group at the beqgi nning of each sync
segnent _and dFiecden St papYFagiEs, ASEOTEDS €ach SRRl OF B &Gy 15 SRE 1 om t he
addr ess dec lie 98 ADES 7PSPONEmal B, NN digiR e R RbhbeaRt bi LS
of counter gg,’%(%lut lljltm Qfa% t IZI addrgss deacoder 98 resl%londg tr% thg group 80~
of | ess si gandlbg symbolexhsindg aewitier foB6wing mputnatikak leedsin? s-5t bk -hunhedd, of
synbol s per data se nt group. The address decoder 98 nerates a ONE when
and onl59gvvné“ﬁ af‘ﬁé'7d£}‘§5°s§)’ﬁbtlﬂ??“délrs i reVar g s @ganfyrbg‘%ﬁfﬁlﬁ ?ﬁds"trﬁe addr ess
suppl i ed by 4tlgeadd9nased BRI URE-sREr22NE SRARSS idierihhg bl §ialiRddnaaD0f a
start code group. "fhe NCR gate 92 receives the responses of the address
decoders 94009800NA1@®18100at0F,d30 end il VL respestively.its t hree i nput
connections. Wen ideal synbol decoding results are avail able, one of the

addr ess decoders 94) 96 .and 98 s i a r as i.ts.oytpyt. . 2 8
fr1..-", "1 20U3 -Egﬁéis@?.%#f %ﬁaﬂ%ﬂﬁkﬁf%%}?@ﬁwﬁdme é{tggl by a zERO
response 10 deR8iptibh oS hphrfal SlAdyHYUELIRbIti8E ond bg fhe FOMSIVTnig REmAINR I EVel St at e

data buffer 82 to exhibit a high source inpedance to the data bus 80, so
the si §dal forwh?dedl -8i-6m4 ks Ol ti4ptExts. 26 112wnd +BY1 Thesesypboldswadst ed on

the 3-bit-wide data bus 80 fromihe multiPleXer a5, %n HEI0S) 10 cer



portions of data segnments for which ideal synbol decoding results are not
predi ctable) none of the address decoders 94) 96 and 98 supplies & ENSAY 83
its output signal, conditioning the NCR gate J2 to supply a ONE response to
the tri-state data buffer 82. This conditions the tri-state data buffer 82
to exhibit a fow source inpedance to tq% 82U data bus 80, so the signal
forwarded fromthe multiplexer 2611 will°"be asserted on the -bit-w de data
bus $U from RH#eo guieratplpescedeGiibol FerwdRigadulizBf 80Li01OLO LI, 00,010 Igeh@&ridtli ng

i deal synbol [ resul ts l..ed tg,the nultiple~cer 2612 is readily
adapt ed by oﬂ@‘%gﬁﬁirﬁg‘b oy H‘Pe‘@f’ﬁ* fangilgiltrﬁFpe(‘ff‘V‘é'Mit design for use in the
configurations shown in FIGURES 6 and 7. 825 FIGURE 9 is a block schematic
di agram showi ng deghailki-Perd 20QhE RORaPbe bBe Fd-CAIRE hardddel iz Iype, a5 CURE 4
digital television signal receiver using a species 12t) of the

N1- SC-r &](ect psupedrr té thispoirUinahidscupen escab2@ offthe svecaghied t'saftldemisionrb
tilter 26. A suttractor 1202. ser £3,a8 t%e first Iinear conbines in the
NTSC- r ej ect i BRE &SHb T MAERenfing 3 iiribLdesddins schsmeq fuFangs@sns aFs Rssile (e
second | i neahfcfrthé BeS-1dve] 3L shide 20QRd BRUVEY |cvePaRa Liiddr 8 2R plalbEby &
NTSC-rejection conb filter 120 uses a first delay ilcvice 1. 281 exhi biting
a del ay of tsietledataystiset, vepgend)iplaxet coheccpony loalifhigs plerbinfditcuagrand2h uses a

second del ay_devj ce 1263 so exhibiting a.,delay of twelve synbol epochs.
e 19. sy BT e ot fe Sieip et o Ui MaRleg B S e 6 Tedna 1263
i's closgsto prgusystthe E6hBXxRY of 6jRralchi fact of the analog 'f V video
carrier at 59.75 tinmes 83~ the analog TV horizontal scan frequency fH The
12-synbol delay is close to five cycles of the artifact of the analog TV
chrom nance subcafh¢ eymbal spmRiyomizariang sqatizer citenitn2lGismpoeiumgdlimyhd s cl ose to
si x cycles otf the artifact of :?he an£| og "fV ﬁognd%%arri er at 335. 75 tines
FFt. This i sOTHROMEASHPIHLE Reissanes R amesn Py M eHBiRSsqTIPaRpY AL &5 4Pt he
subt ract or Q%&lm xR sRinQli Sidd| kArBpIks)! @hichiret 08 @aigoneht FRBE tO
frequencies clo~~ to 840 chrom nance sul ~carrier differentially del ayed by

the tirst detepabiesd relidod 25end pppenrhimvbe reabbasebrndaignahpunplied ftoar fher ence.
However,..i n portions of video.signal in .2 ~=~ - Y 20U~ -2 i.ch edges
Cross as_zlqori 6’%&‘%‘? %'83%”'%%2’?0?_?1"@ tgﬁﬁiﬁ'ﬁéo%?t ts%w%[ldﬁ{ri'%hﬁ%ﬁ_’qaﬁ'é’ea'n cg)g TV
vi deo si gnalsyatbos st \ebriiic REE SqualizéMterchiddyl 1508 dadigisedab ipdése flictBE Hir& bis
quite. lTow ~1 species 12Cl of the nultiplexer 261 is controlled by a
mul ti pl exer component @-its igpuirsignal, wich smplifiesghe desigriofsthatquatizstiorofiltetia ti me
when it is dgt er m'.neq there is insufftciznt N 'CSCICO-ChaHDeli int?rference
to cause undBf FERHHEI'S sBPERhat In e Gt Pscaerinhe Fydmn e odddevel st i cer 22
and that is dafh-tif@r 2Rl fidedicRalDmito RloldiShe ai?é@b%@&nb&nén?a&%ﬁaﬂ}'ﬂ%d
there is sufficient NTSC co-channel interference to cause uncorrectable
error i35t hehodatpsteps imitainphit vgnal hBrayidiag it befiradineadf dpantnmdrt208lierer 1261
is conditioned 8~0 b%its control Lrs?iggal. being inits third statqe) to feed
back the modiPBET SHEMEE G eBf e Seriged 19.89PPTes Bt BFERTVE (st Y&y mbol
epochs by t hgadQ@ybndavd 8 AP 3)gnbOnds A8 BRHGLedcd6R r@ard ko HETRAL icilRi s IS a
nodul ar accurul ation procedure in which a single error propagates as a
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865 FIGURE 1) FIGURE 3 or FIGURE 4 digital television signal receiver using
a species 224 of the N TSt~-rejection conb filter 20 and a specilek %96 2683

t he postcoding conb filter 26. The NTSC-rejection conb filter 220 uses a
first delay device 2201 exhibiting a delay of six synbol epochs) and the
postcoding conb filter 2Z6 uses a second del ay device 2263 al so exhibiting
a delay of six synbol epochs. The 6-syiAfdel 870 del ay exhibited by each of
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running error in the postcoding conb filter 226 is substantially | ess than

in the postcoding conb filter 126, althouq%h the running error recurs nore
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codes. FIG&J [ ' ' | i of a portion
of the FI ﬁ?{eﬁ%&h%ﬁf&f@%ﬁﬁaﬂ%%?ﬁ%ﬁ]te e\‘/iag?"gﬁ&g?fé‘%& receiver
using a spafipsd &3 MkmohewihinGhe@nidllen2 during irhtedat?yrenidreatispeci es 326
of the postcoding conb filter 26. The NTSCrejection conb filter 320 uses a
first delay device 3201 exhibiting a delay of 1368 synmbol epochs, which
delay is.substantially equal to the epoch of two horizontal scan |ines of
an analog TV signal, and the postcoding conb filter 326 uses a second del ay
devi ce 3263 al so exhibiting such delay. The first linear conbiner in the
NTSC-rejection conb filter 320 is a subtractor 3202, and the second |inear
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of each data segnent cont;linin6é f eld sync) as well as for tour synbo
epochs at the bzginning of rac;h data segnent. Wen this control signal IS
1t1 1iS first state, the nmultiplexes 32GL reproduces as its output signal

i deal synbol decoding results supplied fromnmenory in the controller 28.
The introduction of ideal synbol decodi2Qg results into the ~)4~ nultipl exes
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decodi ng procedures. FIGURE 12 is a bl ock schematic di agram show ng details
of a portioultiiexsndé Fpaures qthemhapsetipes when gtz feldisyneapnigdiodi si on
signal receiver [ £G| _the . -[i8h §GLd QR §idter 20
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synbol epochs, which delay is substantially equal to the period of 262
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filter,A26,4yses a.se - j -al inkr feh il e SUGH del ay. A
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conbiner in the postcoding conb filter 426. A species 4261 of t
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t he output signal fromthe data-slicer 22 and that is mits third state
nost of the tinme when it is 2 s M—~r 200 -34~>9~ dttermmed there is
sufficient NTSC co-channel interference: to cause uncorrectable error in
the o~.ttput signal fromthe data-dicer 22. The DTV receiver preferably
contains circitry for detecting field-to-field change in the NTSC
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fields required to expunge running error in the multiplexer a261 output
signal is 101 ~ presumably substantially the saJre as required tqggquwg%g?
running error in the multiplexes 3261 output signal. However, the nunmber "0
times the error recurs in that period is |ower by a factor of 131. The
FIGQUtE 12 NTSC-rejection conb filter 420 suppresses nost d~nodul ati o~i
artifacts generated in response to ana?leg TV vertical synchronizing ! 020
pul ses and~edual i zi ng pul ses, as well as suppressing all the denodul ation
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TV horizontal synchronizing pul ses. These artifacts are the c:ochannel
interference with highest energy. Al so, the NISC-rejection conb filter S20
suppresses artifacts arising fromthe video content of the analog TV signal
t hat does



1070 not change over two frames, getting rid of such very stationar
patterns irrespective of their spatial frequency or color. Artifaclt® XY g003
anal og TV color bursts are suppressed in the NISC-rc jection conb filter
SZO response) too. Cane ski Iled in the art of television systemdesign w
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application) duri ngf data synchronjzation intervals) to the 3-bit-w de

out put dat a "BWENEF AGhHIF %fﬁéll S 48t SeRPigd &bt exmplen dempdylator #8der  The 1

~A circuitr i b W th
et erence 1 o I GRESBER] R Pet ey i foric Bttt batofiBSEoh, Te RaRHes
circuitry widehioBulatte 48ys0pglicsdacophag Ia:eluem l'eﬁﬁorﬁbl‘cﬁmpci‘cyi HGamplesEl ecting
anong the interimsynbaol decoding results and the_various posrcoded synbol

decodi A r eM&%sng’e}ranséWescaH%omFmt ageammy mgdd by agifagsul hescampleng ti me
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NTSC-rej ection r n re vin co- channe
samples of the imaginary component of accompanying DTV artifacts, which samples

are applied to a Hilbert transformation filter 50. The Hilbert transformation filter 50
response is supplied to a linear combiner 52. The linear combiner 52 combines the
660  Hilbert transtormation filter 50 response with suitably delayed in-phase I-channel

response, 1o 1ecover samples of NTSC signal substantially free from accompanying



2 ~~ v";"1Y ?f03 -38interference from DTV signal are determ ned bé(, T
observing how well related NTSC-rejection filters A100) B100 arid élﬁ@ 2003
reduce the energy of NTSC co-channel interference translated to baseband
and separated fiom D1-V signal artifacts. Separation of NISC co-channel
interference fromD-fV signal proceeds as previously 1120 described with
reference to FIGURE 3. The | owpass filigf_S~t response to baseband vi deo

t hat has been,- J [ ; 45 ) - channel ..interference
o suppti od 20 BEHAEP IR M CEL REARE 4 b bEedt E sy SR RIRRREAIE R | & Cloo.
The NTSCrc~t edlapre Vidids i fHsidly HluenS theispratirdver uNESGo 0 @h 864 pRBedurkd @8edA20 of
first type insofar as the type of linear conbiner that is used, the |inear
conbi ner in Bh&e§pmphe ¢equéfaé0rﬂﬁdogrmatam laghagoe et Rychanngldgeponsed t he

| i near conbiner in the other of the filters A20 and A1110 being a

subtrac . This ks, tihey &1 ' | ed ph]s! vi deo, but
t he art{sﬁact of r\r@t?w e%g%'grbg?%érdt%aﬁytfﬁé%%? Cscigeﬁgrr)’”gjppl i‘grg‘?;{lgs the filter
A20 is not atupphiee fndtheadines cbatbitriSRiieipplicdto &1dWPa8¢ fiNnEESONER atclieoff
NTSC-rejection filter 8100 differs fromthe, N TSC-rejection filter B20 of
second type [TRgusmay oAs/ SPrk&lzardess. ém astimale of lyrBmasesmgindengranin the~ used, and
the NTSC-rejection filter. L>:fiors fromthe NISCrejecti f,lter CZO
of third typce°°|"ir‘13 Llr“kcég'"tn%@& y(gég?ﬁl 3 é‘nnéafd[ec"[)%n’bf%%fm% tlo asdstg%r 3‘fhe
responses of respehstNTBEr & & 1AEdris@and dbreRRiRing 1RO MES] B0k raitthtChOh AFE respsased by
squarers Altl2, B102 and Cl102, respectively) for determ ning the energies
of thes®} espmnigasescrihed shoshidne ntervaliwigh ¢ Birprgyeraging eirc§us§.sThiggatimateby a

squarer 104 for 1.L, 3 det ern niNg.4ts, eneray,., .F l i f..es the
FlGRE, 8 o Poupdliqh P kAR S ErdPst T el Y Beir AR PR S8 o et
buffer 82 wi¢hrefdurif tiel NBS@GoRBhmhebitkdridncd Rof OififoieB8Reif afRecaunibe
tri-st~~te data buffer 082 is used for selectively asserting the

i nt eri m synbwicomrgctoblicregror arsthietdata-slicmg perferrsd by theidawrslzer Dht bhe theeshold

~-bi t-w de out put ta hus,. 800 of, the.1140 sy | .decodin,; selecti.on

i rout try. ooterdier §¥ 5 etesine eoufulieh 3 idhisioR L SRESST B B ESBOLS s e
fo: sel@gtivggcge(fcaserti ng the postcoded synbol decoding results fromthe
postcoding conp filters A26, B26 and C26, respectively) onto the data bus

800. 1t is to b.; det e[m ned whet her any of the responses of the
NTSG rej ection fi Fids BEA1shows 8 Hig)tah rede viii@Orengisersdi fstimgn froal thy FIGEREhEr gy

than the respo the 1145 | pwpass filter ~~ to.determ ne thal one of
the three t rivatlGURE3Ferobiirs bR Aisirassy ton deegminievhuber s RIS C
tri-state datAchnhdighePrencd & drRuffRicnPRtingiHORAH chie URERY RN ekOMNn the 1 T ~—~
-39source inpedance when the NOR gate 92 response is ONE. |If such

det er mi nat i odntd-slicimglgerfernied Hydhbdaté-gli¢end2 islel the tipealdsantiied thydlie intvenwesponses

e nioR) ondr Gyt AR b S A DR 125 10 Al PRretel P71 ot o it o

buf fers 082, .fified "BEINETHTERCARRIER ﬁmmngiﬁdwmé@rmwﬁ ng | ow source
i npedance when the NOR gate 92 response is ONE. Towards these goals, th~:

responses OofNSIHRFERENCEANARIGIANI2THRECHIVERE'd The 2T ¥ oigmal, as oonvkdied t¢ he
responses of. . quarers 104 and BI.O re conpared hy a conmparator .108; the
r esponses oflfsbg'yfg?eﬁ'gntﬂ“%dgﬁ@'t‘f > By UPR tgraf‘ég agp! ‘cng‘?f‘b%%g%r 110; the
responses 1 Jla3lofh11et dl Bf RTSERSuAd §iﬂn33§.]ﬁx% AR e PSREYGH é)Q%IFaa:ﬁﬂm?ér at or

,1 12; the responses of Sg~rers Al102 and Cl102 are conpare y a conpar at or
) 14; &84 t hehamedpfon SERSOfoundu@nels soBdPandtdsi@llidPamplefigomgas edthbyF a
conparator 112. A 3-i.nput gate |18 responds to.bone of the conparators
106) 1 U8 aﬁmpi%@ichﬁail?af?'?ﬁg"awl% %%“’f‘%%‘g’a%ﬂ‘ﬂ&ﬁ"%ﬁ&?‘@ﬁ“i@ﬁ“@ﬁgg%ds any
of the resp et 0RdinBx tre f lesh a
O a5 out poar e A p O e R b e e Hoof Il 2
A 2-input ANBagalt2e The GrequanlyiselsctivigNE thelipaomsiefidr lkhiin 6@risifuchanso t he t hree
tri-state data buffer 082 far providi ng | ow squrce i npedance when and only
when NOR gat’@Resizeissparss idimied GkHz AN Sfdvdigi@migfand primeR &tz 1) 8
respongggi s @ PFFsdd 3z, PRLE] e%mg S@UBred 2 Sl Rh TR out put

si gnal %?gspob%soi ve Sto gjﬁg Cé’a‘?fout of tt h p(§orrparreat o? I106 bei n%ﬁlac%sl&

i ndi cati ve tshittivipeosthudf empAlidxhemsilonsdelas cdass bphagyiltehag in A&/Hlquar er
104 response at t e same time both of the co Igrgie ted out%ls{téts ogFthe
conpar at or s 1f PPAET | FRAURl-EORREED ERIY LS WIY R MIE: HoerewsBiisY tBF L ~~i ar er

104 has no nore energy than the responses of the squarers B102



| 170 and CI02; oth,:rwi se the AND gate 122 output signal is a ZER®S AAY 2003
2-input . AND gate 124 supplies a ONE response that conditions the three
tri-state data buffer A82 for providing | ow source i npedance when and only
when NOR gate 92 response is ONL at the sane tine that the AND gate 122
response is a ONE. A 3-in~it AND gate 126 furni shes a ONE output signa
responsive to the 1 17S conpl emented qyf{put of the conparator 116 being a
ONE) i ndi catjya;ifdhahai : I : : . e n the
Squar er Clod et Shah B S FUNES D oRg R A T L R L s
c~f the conNTHC aideolldfFicandad t2aladeaNERr hetdbdatngvie NTBIC dtko egsigpRse of
squarer B1UL has | ess energy than the responses of the squarers 104 and
A102; &PRer Wicawrainatercaerrgated ppEmsdiapotreqicgmatiend WizERO MHzZapigsut  AND
gate 128 1 18| |4 o ; a j ik three tri-state
data buffer ]t%gﬁgllfﬂ%? 1&?%??%%‘3 %\%ﬁggﬂ; gglpﬁzﬁgggﬁ%egmgﬁtég%%ﬂchmvc\‘hen NOR
gate 92 respmeatediste@dquadcyt dchtiffek 668 ewhiche. StV [F haphier g6t epplidSs response
is a ONE. A 3-inF~ttt AN~ gate 130 furni shes a ONE output signal when the
out puts of tFwldisaAparEeEier sountdF signpltogadnei@migramglitudenegctorfidi clei ve t hat
thz response_of | ener t han,t re nses, pf the
squarers 1&65%35%%&5%%{%%8@(1 g(%?']%gjro \?\Agig aS’E%gh{lﬁ)vegétpéesf%ccgﬁ}ogutt%%gi"g‘gtﬁ'glapi s a
ZERO. A0Q- 1 Rut a ANkh godregih@2iralipTd, iags i reditind meponeeadenatuppiedicd hons the
three tri-state data buffer C82 for providing | ow source inpedance when and

g
onl y when NorsiBdd detgetor 82 pdhedirgsholdNgE the threskold detector AR is ¢rgeedaddf D gat e

130 response.iS-a ONE. 1190.Referring.bac o FIGURE 14, the

NTSC 1. o] ectTBIF SRRBe| PP ATE it A RSt o R Csalts yieerarapsgmor
circuitry aqpgirR4eiageopatomed 05 ehe da-IRepb2 ! YREGréshbR dei@1dyF, 1rp?u@§tl on
conb filter 520 and the postcoding conb filter 526 circuitry of 1=IGURE 13.
"this is so tliteepitodent mdisatien abwhetbersir nohtheshneshp)d isiqxceedgd8, 200 syrrybol s
have to be stoi ed in each of the 2-video-frame del ays 5201 and 5263.

( Howev the i rage. inet ?-vi deo-frane del a Al provides the
1 or 2080% equi r ea TGP RES ShTE el wfiiih e 8 ARORERY 28 W aRCr or *aas,
Fur t her nor epo§tt:"&li§%@&n8mm@l‘16 Sathphendsed frer3-ingad malipixkt b61 shapharasdel ays

4201, 3201, 2201, 1201 and the shorter delays in the other co-channel
i nt er f er enceomptisiog dwe 2ehpRinBURElexc1526 N anrd 2G13e T craygelldr?Siappliesthdeo- f r ame

del ay Z63 provides the stor required for shorter delays 4263) 3263) 1200
2963 1263 PUTHESRPYNEER LR S ROAUPHE! BHETLH EF SEEEogEn e SFL8° TP ibapbnse

to anal og T¥ga¥nehrONiZiuhudipises 268pual i zi ng pul ses, and col or bursts ace
al | suppressé&d when the NISC-Tejecti~~n conb filter A20 additively conbines

alternate video franes Al so, artifacts arising fromthe video content of
the analbg Tu si §hdk NI catekannplontecferenge isof o8fTislent sreaglf fogauses are

suppr essed etti rid of ,statiagnar. tterns. irrespectiye, of their
Soatt ot o eyl B arrdp bl Rl RSP RIES B TR ORR} e inQbes BRE | ey
2 ~ ~~~ ~ DNBonprCaghil idtn tk NETIREE chindeOinfeiRRS: déBeoNIditi®isaré i on comb

filter A100 differentially conbines those alternate video franes and
t oget her wi mhiltiplexes @@t & repacaize fordpgplicatipnde thecseornd ispuligortefiige bet ween

alternate frames in SC cao-chanpel, int.erference. 1210. The renai ni ng
ot obl em of | EUN e 2L ARn SRR A4S EHEE BT RRRE poroRa nkprrombiner
supF-ressi ngei Aspeies ML Gratingt pak of trRGhS tipleksd 280 1f rom frane-to-frame
difference at certain pixel locations within the analog TV signal raster.
'these denodul ation artifacts can be suppressed by inua-dane filtering

t echni dues. The NTBENT§Cea-fhanpeldpierferente srof Brotliment skengibae eddf ng conb

filter B26 circui can.b < 0S ress | ati on
L P20, hHUHE. G0 et IcHICRrhes BYRLRRE IS PE N RS, o
NTSC- r ej ect ZEBRCCQWBuIf sigrda@ froflBle NTSCQ fiechimantGaRtfog@ncoafedibl donditleh8 ted reui try
can be chosen to suppress remant denodul ation artifacts by relyi ngéan

correl at i onmiulfipléxer 2611 tocgbrodiecctbe imarimeymbpbdacofiow resydth the dpssiligerdeci si on

can be_furtht i enented. 12?0 1f the .soun reier of co-.channel

ot er T o innleb e ey st Bon sl e aEYT el ThetPreRef RS ERM sound
trap in the$QIEb@rmL¢(fibeefes§1hﬁareaéﬁicdtrb%maﬁrdi%@cqsdrmtﬁ@mui;uéi&rzslﬁz.o and
the postcoding conbb filTter B26 circuitry are advantagtou~~ly chosen to be
of types like the NTSC-rejection conb filter 1Z0 and the pstcodi ng conb
filter 126 circuitry of FIGURE 9. If the sound carrier of a co 1225 cbanrel
interfering anal og TV signal is suppressed by SAWfiltering or a sound trap
inthe IF anplifier chain 1Z, the N1~SC-rejection conb filter B,0 and the
postcoding conb filter 1326 circuitry are advantageously chosen to be of
types |i ke the NTSCre~ection conb filter 2Z0 and the postcoding conb filter
Z26 circuitry of FIGURE 10. This is because the anti-correlation between

o o v T T | A NN N I .



2 0 h~P~Y r003 -4zcunb filter CZO. Choosing the tenporally closer_scan |ine
inthe same field is generally the better choice) sine junp cuts bdt Wéén2003
fields are less likely to ravage N-fSC rejection by tJze conb filter C20.
Wth such choice, the NTSC-rejection conb 124U filter CZO and tae
postcoding conb filter C26 circuitry are of types like the NISC rejection
conb titter 320 and the postcodi ng comaskilter 3z6 circuitry of FIGURE 1 |

. Wien NTSC rej eFIGURESN dnkdl t@kh SR adl DRt deh 91 sanbiastealit glenate scan
lines of video, the NT SC-rejection conb fiilter Clt)0 differ;,;,::ally

conmbi nes t heerraler é8ndhe ORcgats1 28] supplies a teispgreo than ts 2 OYE: en vhe ficltihe

squarer ClU? proyides et,ect or for e 1245 bet ween al ternate scan
lines in thsecgﬁgl‘ §égycnoc-dceﬁcé:g°r{e1;§?iSH?Pé?eFé‘r@{’l}%@%r f‘hretsﬂ%“ﬁf%gﬁﬁ °§ﬁ‘8?‘?f’é°i°|§§t ead)
the N 18C r #£1dGlhose o bin Ueecred hnaeheh IR 215 5 GAdnNG, deQt¥tecldr! lger  C26

circuitry are of types like the NTSC-rejection conb fillter -t20 and the
povt codi ng #ppbes & pﬁ"&ﬁ thepeo i tespanse (o 1hé oFJLBERE dfx ddta-Ghne cNdSEeing] ect i on

mb filt 0 h 02 ther th id t f
change 1750° TRt Rt 11 BACHRS P Rwee BB Statlin aPpAlis A erends R Crne. Ph URE

1't digital receiver apparatus is nodified in yet other enbodi nents of the

i nvention to uselmEidiTRBSahe PRI grd 241 ﬁl@ﬁoﬁ:sélsiagbn&i SP®habi apsal teagh carried
out by 3 cascade connection of respective NISC.rejection filter followed by
a respect i veubiplaxer 3¢H. T @Rt reponskainHEROrasngdisions the muldiptaxdr ng

chown P8 FRGRE0 Top O 43 el SembO AR uBE BN PocepPhhipn s repf = ' O 2
dat a- sl i ci %s&ﬁ@léﬂ@.@ﬁ@oﬁ?ﬂt PErAY beite GaNAIE drg 1 Qipplied kdlitRGeddhd iRESE

estimte of correct symbol decoding result still further "the trc,Ilis
decoder ci rraut ofrthe 3ltiplyxas@612ps bester extireaielof $yenbod dedadirneg et eBlse OR var i ous

synbol decodin eci sions. ¢ e cpnpared tp.refi the best estinmate of
7560 synbol L el e Bing U Eruptorire o S drereRuth o° Hore

di gi tal hargwio®dedvpuesult foP afichBbioaHPasth ARREDIL! idb41/eboMR Hsﬂl’fs .
alternative to those previously described, the synbol decoding selection

ci zcuiBby 9IBawn logumemeat inrthe contmiblet 28, ak ovill poldkscniged edessitBothee odérs
supplied frpomthe.odd-| evel .dat a-di e postcoding 1265 conb filter
~2G of firg ’Stbﬁf)céf?“{"r‘?é"?5‘85?’5%8‘?%&?@%@% ?ftéF" ¥ second type, and the
postcoding cnb filter C26 of third type. 1f all four of the synbol decodi ng
results FIGUEE 6 shows an alternative construction 260 of the post coding comb

filter 26. The 3-input multiplexer 261 comprising two 2-input multiplexers 2611 and

2612 is replaced by a 3-input multiplexer 2610 comprising three 2-input multiplexers
740  26101,26102 and 26103.

FIGURE 7 shows a2 modification 2600 of the post coding comb filter 26, in

which the 3-inout multiplexer 261 comprising two 2-input multiplexers 2611 and
2612 is replaced by a 3-input multiplexer 26100 comprising two 2-input muluplexers
261001 and 261002 receiving their respective control signals from the OR gate 281

745  and from the NTSC co-channel interference detector. The post coding comb filter
2600 provides somewhat different operating result than the post coding comb filters
26 and 260: Tae multiplexer 261001 replaces postcoded symbol decoding results
with ideal symbol decoding results when the OR gate 281 response is ONE. When
NTSC co-channel interference detector supplies a ONE indicative that NTSC

750  co-channel ipte:rfercncc is of sufficient strength to cause uncorreciable error in the

data-slicing peformed by the data-slicer 22, a multiplexer 261002 selects the resulting



2 8 r'!'l~Y c003 -43concur, the synbol decoding result concurred to is
supplied to the data assenbler 30. If the synbol decoding results sﬁjﬁpﬂ?iﬁ.‘écﬁﬂﬂ?,
fromthe odd-|evel data-dicer 22, the postcoding conb filter A26 of first
type, the postcoding conb filter B26 of second 127U type, and the

| ~ost coding conb filter C26 of third type do not concur a sinple voting
procedure is carried out by the voting-26rcuitry to select the decoding
resul t Ieashoaiﬂ@eﬂpbstdadbwsmbcﬂmewd.in%ﬁaglﬂxs;a@mw@hﬂ»&}d@é&lingix%&mﬁ fag will be
obtained nore of tile time if a weighted voting procedure 1s followed in
the voting applEaiion {p thydatagssegrier 30 WheatY - ¢-zlancahintesfersnodidefectod t o t ake
into account the_ ygrianc ing results, reducin e wei ght ace
ordrd a dec%ﬁ)lpﬂf;s?ggﬁ'l}%iica?&%n’\%6ﬁﬁﬁgdcﬁf%éré'13#’&“??“??6 '68?;5%{'8'11’?’5m a

decodi 75 r esipdnizC@NQUES @ftotrBce 3rrBRInQhé EitaBficih @e @bty Y RPahadgeedi ng
circuits. Using circuitry simlar to sone of the circuitry shown in Fl

15B and son®2.dblimeitirener 26102 setegls theinggring syrobol dgoeding resalts ibsahbe
determ ned iLn_inpverse relatignships. 1?80 taq the,.ener measur enent s

gener at ed b?/aq?'ﬁfé]"%(qzuaaﬁélrn"gﬁﬂ %geﬁoﬂ%‘é‘%ﬁ%bf}& ‘1?’8{'%}?“%%"’ ‘?ﬁt‘l‘ ?ﬁF“‘R}e'oo and
the squar erso%laa)oubmgt RO REREN FIIRBE iME iR APRbEI dde8dinBHAAIRBY (ddAEsRAGT eF
Bl 02, and by the NTSC-rejection conb filter CL00 and the squarer CL02.

Co- chrt nrt edecpdingresslisnce by anal og tel evision signals of other standards
than NTSC, such a> the PAL standard, nmay arise in digital television

eyt bRt o0 R0t B34 DR e cedl

terrestrial broadcasting 1rn-the nvention is

readi |y nodiobéer Rih thyBrcairBlor fénepding@Rd @ealls9mde FaraBRR e U3 GBp k& hannel
interference. One skilled in the art of digital comuniCations receiver

desi gn and e qudliplexe 2612 h ThasultiplexsoR 2 eqmprises datautput dntfei tegisthraof ng wi |l |
6e enabl ed to design 1290 , iJents of the jnvention other than the
preferred Jﬁ%‘%’c’g@éﬂ?‘f’?%ﬁ (Iwg)s@p?gg@%ﬂqﬁ%mg FIICXJFQJ‘{‘%[%T" é""i‘”r‘i‘erﬂ”fﬂiftmhen
const r ui ng Y RFOIFAR hOhulidpfextr BaGe T ANl %12 fﬁﬂ%lle?\efom#;ﬁsésfheu&irﬁfe%
which follow) the word "said" is used whenever reference is nmade to an

ant ecddént ,budied 82 ffier \etectively Herwardingi thed-biowidyr anpmtof cled mplippoee26 bt twewhan t o

refer back Bo an ant es(hedent. 2 ~rn-lY G-a -44
the output dus 80.

The ci-cuitry for generating the ideal symbol decoding results applied to the
multiplexer 2612 comprises the ROMs 74, 76, 78; a symbol clock generator 84; an
address counter 86 for addressing the ROMs 74, 76, 78; jam reset circuitry 88 for

770 resetting the counter 86; the address decoders 94, 96, 98 for generating read cnable
signals for the ROMs 74, 76, 78; and a NOR gate 92 for controlling the tri-state buffer
82. The address counter 86 counts input pulses received at symbol decoding rate from
the symbol clack generator 84, thereby to generate successive addresses respectively
descriptive of the symbols in one data frame. Suitable portions of these addresses are

775  applied to the ROMs 74, 76, 78 as their input addresses. The jam reset circuitry 88
resets the counter 86 to appropriate counts responsive to data field synchronization
information F and data segment synchronization information S recovered by the data

sync detection circuitry 18 of FIGURE 1, 3 or 4.

It is preferable to configure the counter 86 so a group of more significant bits
780  counts the number of data segments per data frame and so a group of less significant

bits counts the number of symbols per data segment. This simplifies the design of the



WHA' 1 IS CLAIMED |'S: A method of synbol decoding a stream of 2N-I &8elMAY 2003
synbol s each having a synbol epoch of a specified length in tinme, which
said strtamof ?N-level synbols is susceptihle to being acconpani ed by
a~~tifaets of co-channel interfering analog television signal, N being a
positive integer, said nethod generating selected synbol S decading
res~~lts and canpnsing the steps of: e@ilb filtering said stream of ?N-I|evel

cynbals to %%m{sgian%w@@ dz&dck,egherbﬁsmn&%f%%&aﬁgﬁh&ﬁé Qa/agéssfarceg&qsd

synbols fro any said artifacts of ca-cha Int~rfering anal og
tel evi si on 84 f@aPSaxel Sacfipines fedRONRITd, B, 8p beingaddtrsidd Hyepartig) addedssidi ng
subst eps of 10 del ayi ng_sai streagag% gté&vel cynbal s by a prescribed

.nunber of ERMhSFRIYET 8 ardrsingdhy 8 ajdessdig eam of 2N | evel
synbols and |inearly conbining said streamof 2N-|Ievel synbols and said

del ayegg 5t r eam ofrhZ IO VAS si ¥ ERiRkISy mibB] AL68I @Eﬁﬁé‘g@rta!ﬁ RO spfdi tive and

subtractive procedures, to generaté first |inear nbining results as said
conb filtersach8monsed swetehtivelp efabiedifo) rdadinglbypraiddg d Gyhiforsthecdtizess| i pi ng

said conmb filter spon iLth (AN-1 )-1evel precaded synbols t ener at e
preco~i ed sSSRSGET %‘gc&’ﬁ ﬁé%éﬂﬁ atdg,‘csﬁéllbiﬁﬁgf“?é’i?geséé‘lgé <8Rt }ISHACNREE odi ng
results by I | f i , ST t

Goi ayed sel SEpapILEREEOREANEHINE: O sy Pol Y EIR et Bt R latels

precoded syddnodedBErdpars!ste gl greupm firhors aigifthahaiedhstalosotsehe symbed ofdecodi ng
results for generating second |inear, comhining results, ~~ -45said step
of 1T it | ydla ARG Peralets BTae o BApAdyD B e hPra S PNE Wpéhaad

del ayed sel ggy: 2 S86RcH: BOrioR ¥ HeShdBRIDALDRES B) MRaddRes3C6QTdAH6e Wi th
an opposi te&g? Vgﬁﬁﬁﬁgg%}?g%’g aﬁdnsoﬁbtracti vg prpg’ge%lu?és from sg% oﬁ%: of
sai d addi t | sETeRpohdd-to ShEiddaess oY en pdditedld uyresseysent. i n sai d substep of
Linearly conbining said stream of 2N | evel synbols .nd said del ayed stream

Opposi (o of aai d BRBIVVE Sireuiden By el dSeinn Houbu Eansurt SEHeIMS o)  dl |1 g
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795  decoder 96. The ROM 76 is addressed by the group of less significant bits of counter
86 output that counts the number of symbols per data segment group; and the address
decoder 96 responds to the group of more significant bits that counts the number of
data segmenits per data frame. The address decoder 96 generates a ONE when and
only when the data segment portion of the address supplied by the address counter 86

800 corresponds Io the address of an even field sync segment.

The ROM 78 stores ideal symbol decoding results for the start code group at
the beginning of each sync segment and is selectively enabled for reading by receiving
a ONE from the address decoder 98. The ROM 78 responds to the two least
significant bits of counter 86 output; and the address decoder 98 responds to the group
805  of less significant bits of counter 86 output that counts the number of symbols per data
segment group. The address decoder 98 generates a ONE when and only when the
data symb;)l per data segment count portion of the address supplied by the address

counter 86 conesponds to the partial address of a start code group.

The NOR gate 92 receives the responses of the address decoders 94, 96 and 98
810  atrespective ones of its three input connections. When ideal symbol decoding results

are avaijlable, one of the address decoders 94, 96 and 98 supplies a ONE as its output
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included a further step of: causing said final synbol decoding results to
cor r esponckcnoh SHerdl20. and a modulo-8 adder 1262 serves as the second linear combiner in
830 the postcoding comb filter 126, The NTSC-rejection comb filter 120 uses a first delay
device 1201 exhibiting a delay of twelve symbol epochs, and the postcoding comb
filter 126 uses a second delay device 1263 also exhibiting a delay of twelve symbol
epochs. The 12-symbol delay exhibited by each of the delay devices 1201 and 1263 is
close to one cycle delay of the artifact of the analog TV video carrier at 59.75 times
835  the analog TV borizontal scan frequency f,;. The 12-symbol delay is close 1o five
cycles of the artifact of the analog TV chrominance subcarrier at 287.25 times fy. The
12-symbol delay js close to six cycles of the artifact of the analog TV sound carrier at
345.75 times fy;. This is the reason that the differentially combined response of the
subtractor 1202 to the audio carrier, to the video carrier and to frequencies close to
840 chrominance subcarrier differentially delayed by the first delay device 1201 tends to

have reduced co-channel interference. However, in portions of a video signal in



10 synchroni zation data without error, when synbol coding that i?&’“WY 2003
descriptive of said synchronization data occurs in said streamo ZNYFeve?
synbol s. 2 8 f~I~Y ? 003 -474. The method for generating final synbol
decoding results set fonh in claim3, wherein said step of determ ning

whet her or not said streamof 2N-|evel synbols is acconpanied by artifacts
of co-charulel interfering anal og tel eyipsion signal that are of sufficient
strength to cause substantial error in said interimsynbol decoding;

results 5 COnpledess crasea seripamal seandine, tefamoushe fesrrelativoriile anelagal ¥ i nterim

synbol decgdi.ng.: | F o | hear, conbi ni ng;. results to
generate aggk?%3$§§%€&g?gﬁa ?Qﬂgf%ﬁﬁgﬁgﬂélﬁﬁga@ﬁgggﬁnﬁ?ggﬁﬂawdifference
signal; and detecting when the energy of said difference signal exceeds a
prescribed 10 t by gehsd20hbihe mtigp ety 2deisrommoiled) by batulbpledersongam of
2N- |1 evel synbol s i.s.acconpani ed QX a{ ifacts of, co-channel interfering
anal 08" el 8P B 1§ i"bﬁ%tfecf’f\‘gf‘a‘ér'% st aFPe hn iy dgrinadghersise _
suhstant | ainsGidin NITSEESLLAEL infBr@ieABOl SO LEBM St iR opuglrt S0t T NO;
en the energy of sald difference signal does not exceed sai ~

pr escr i bedsighsiefsdroltil: dad-skcer CRanetiyt deh & Hird fige it oSk dingd when @fis 2N-| evel
synbol s is not acconpanied by artifacts of co-channel interferi ng anal og
t el evi si ondergpiard thesg isaullicimt NFSG eor ehanneltintergience o @usesencompeeblst i al

error in said. ' e ' o | ts.. T f.or 1erating
final synb%ﬁgrdlggégl[’{rl\‘gh ?%g&?%rgq’stg’? g%%%%lﬁ&isl‘r?' clﬁlgiwngf {g(%rgﬁgilﬁb g%rﬁﬁ a3y p of
det er g50Ni ngy Woebkted! siinaNBding i ith hird SaLE 18 feedNbak R VY msNTES sunl es@ecoHpani ed
by artifacts of co-channel Interfering analog television signal that are of

suf fi ci ent hetaddergh262t e dedarsd twelbe synbdl gpodsbyrthe delexdevicnie3, m tynbol

decodi ng resyl onprises .substeps of: differzntially conmpining said
interim syﬁ‘g%lrtlzgg%sd‘l hlﬂn?‘%‘%‘{]::l‘t?‘é’ ‘gﬁ&.‘%ﬁ@fﬂﬂ a_gcélérb%%f’% 9{8&?‘{%&89%6?’?{%6 results to
generate asidhfeleflof PrpagitBa s ruafinalehBd witd drdirédugfi@NeRrp WA sfbgenerate a
squared difference signal; 2 8r ~~"f 2003 -48fieneratiry a nean average
of said sqepochbsl Biufiiing erows is thgrmoistcodddl syatbot déaedingwhsmits Senrg theeposicadimgage

R G R L
anal og t el RYi&i QY mbogeRYcht fathe BéBnihg STEdch do@nEgBERCROWEI BOduring the
entirety of each data segment containing field sync. When this control signal is in its
first state, the multiplexer 1261 reproduces as its output signal ideal symbol decoding
results supplied from memory in the controller 28. The introduction of ideal symbol
860  decoding results into the multiplexer 1261 output signal halts a running error. Since
there are 4 + 69(12) symbols per data segment, the ideal symbol decoding results slip
back four symbol epochs in phase each data segment, so no running error can persist

for longer than three data segments.

FIGURE 10 is a block schematic diagram showing details of a portion of the
865 FIGURE 1, FIGURE 3 or FIGURE 4 digital television signal receiver using a species
220 of the NTSC-rejection comb filter 20 and a species 226 of the postcoding comb
filter 26. The NTSC-rejection comb filter 220 uses a first delay device 2201
exhibiting a delay of six symbol epochs, and the postcoding comb filter 226 uses a
second delay device 2263 also exhibiting a delay of six symbol epochs. The é-symbol
870  delay exhibited by each of the delay devices 2201 and 2263 is close 10 0.5 cycle delay
of the artifact of the analog TV video carrier at 59.75 times the analog TV horizontal

scan frequency fy;, clase to 2.5 cycles of the artifact of the analog TV chrominance
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885  filtering or a sound trap in the 1F amplifier chain 12, the poor sound rejection of the
comb filter 220 is not a problem. The responses to sync tips is reduced in duration
using the NTSC-rejection comb filter 220 of FIGURE 10 rather than the
NTSC-rejection comb filter 120 of FIGURE 9, so there is substantially reduced
tendency to overwhelm error-correction in the trellis decoding and Reed-Solomon

890  coding.

A specizs 2261 of the multiplexer 261 is controlled by a multiplexer control
signal that is in its second state most of the time when it is determined there is
h insufficient NTSC co-channel interference to cause uncorrectable error in the output
signal from the data-slicer 22 and that 1s in its third state most of the time when it is
895  determined theie is sufficient NTSC co-channel interterence to cause uncorrectable
error in the output signal from the data-slicer 22, The multiplexer 2261 is conditioned
by its control signal being in its third state to feed back the modulo-8 sum results of
the adder 2262, as delayed six symbol epochs by the delay device 2263, to the adder
2262 as a s‘ummand, This is a modular accumnulation procedure in which a single error
900  propagates as a running error, with error recurring every six symbol epochs. Running
errors in the poctcoded symbol decoding results from the postcoding comb filter 226
are curtailed by the multiplexer 2261 being placed into its first state for four symbol

epochs at the beginning of each data segment, as well as during the entirety of each
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epochs, which delay is substantially equal to the epoch of two horizontal scan lines of an
analog TV signal, and the postcoding comb filter 326 uses a second delay device 3263 also
exhibiting such delay. The first linear combiner in the NTSC-rejection comb filter 320 is a
subtractor 3202, and the second linear combiner in the postcoding comb filter 326 is a
modulo-8 adder 3262.

A species 3261 of the multiplexer 261 is controlled by a multiplexer control signal
that is in its second state most of the time when it is determined there is insufficient NTSC co-
channel interference to cause uncorrectable error in the output signal from the data-slicer 22
and that is in its third state most of the time when it is determined there is sufficient NTSC co-
channel interference to cause uncorrectable error in the output signal from the data-slicer 22.
The DTV receiver preferably contains circuitry for detecting change between alternate scan
lines in the NTSC co-channel interference, so that the controller 28 can withhold supplying

the third state of the multiplexer 3261 control signal under such conditions.

The multiplexer 3261 is conditioned by its control signal being in 1ts third state to feed
back the modulo-8 sum results of the adder 3262, as delayed 1368
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684 symbol edochs, for a total of 359,100 symbol epochs. Since this is somewhat less

950  than 432 times the 832 symbol epochs in a DTV data segment containing ficld sync,
one can guess with reasonable confidence that running errors of duration longer than
432 data fields will be expunged by the multiplexer 3261 reproducing ideal symbol
decoding results during DTV data segments containing field sync. There is also phase
slippage between data segments, for the start code groups of which ideal symbol

955  decoding results are available, and NTSC video scan lines. One can estimate 359,100
symbol epochs, which is 89,775 times the four symbol epochs in a code start group,
are scanned during 89,775 consecutive data segments. Since there are 313 data
segments per DTV data field, one can guess with reasonable confidence that running
errors of duration longer than 287 data fields will be expunged by the multiplexer

960 3261 reproducing ideal symbol decoding results during the code start groups. The
two sources of suppression of running errors are reasonably independent of each
other, so running errors of duration longer than two hundred or so data fields are quite
unlikely. Furthermore, if NTSC co-channel interference dips low at a time when the

running error recurs, to condition the multiplexer 3261 for reproducing the response
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comhi ner 429 ofriee NS Coreiqetian coiphdiltsr 49 pad 8 spewestt3q ofthe ppsteodipgrembbei ng
conditio H8. ERNPE/E S eiBStidnt I j . Of 4 i

ol gnal 5 RSt 8nd oy o an etk UL il el Ghicklaroh BBy

det er m nedddlay apli®:208 syndwi dpashs.cemchile2i$ subsiansighp eduml emthegtehiedwifse bei ng
40 conditygned. at. least. at. sel ected,tings.to . reqrpduce said oqut put signal
of said SsegmPrabEAnafumaEoral e TF Y R besd et ity Teatics.
1 fi. Thet26arzda pbhddelal delviat A2dbalséd axlibitingsnopdelang subtracwonoat a

slices d%(e:rov%ls gg thseafllrgt I?}lera?%g]m 1]cner2 {}11_ tlhee\ﬁellS€-¥erJTE(glo§1 cfo(r)nrb glef\enreL{Z%E erlld a modulo-

8 adder 4262 serves as the second linear combiner in the postcoding comb filter 426.

A species 4261 of the multiplexer 261 is controlled by a multiplexer control
signal that is in its second state most of the time when it is determined there is
insufficient NTSC co-channel interference to cause uncorrectable error in the output

signal from the data-slicer 22 and that is 1n its third state most of the time when it is



I nterimsynbol decoding results supplied to said first nultiplex 2'51

second input sisnal thereof) said output signal of said second |i 8aMAl’ 2003
conbi nes being supplied to said first multiplex~:r as a third input signal

t hereof; and NTSC co-channel interference detection circuitry for

determ ning whether or not said strearr> of 2N-level synbols is acconpanied
by artifacts of co-channel interfering ~3hal og television signal as wll
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t el evi si on sngﬂaﬂcnas >wmhzit thraumseollmécsrummnmhbld sapplying the darddstatatodtiem synbol
decodi ng results, 1&9 g ‘HP 3 -54 sand first multrplexer being
condi ti oned “iLB“Pléb?r degoa q)ld;quq}p °6f”‘ihtc§“?hﬂﬁﬁi signals 15 when said NT.~C
cu-channel interference detection circuitry determ nes said stream of

2N-1 eygpg synE~ol SFHL%@IE?QWG‘NS E3hdldnkd 8¢ 11§ cOfrolGRMANBARE N k@il eri ng
anal og tzlevision signal as will cause uncorrectable error in said interim
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to generate a second pair differentially del ayed streans of said

2N-1 evel sywmditl storacduniinglevary ¢a3,2@syimibod epashs.CThis symebullcpde epani indmgsai d

second pair of differential|y delayed streans of said ?N|evel, synbols
susce;59$b| eh?g tBes fﬁbeawslsrhl QEjheRescr SPmOpFodi 38 AAHIRA THRRINE/FEN g

anal og tel eyeaalg)@ﬁ g@fhum{gﬁﬁsedrvgﬂoasn Beaoa;nga%xﬁ%@%rg ﬁﬁﬂ@‘ﬁ%kt‘é@dédﬂpm

si gnal s of sal | near Iner, to generate a 10 seCOnNd stream of
(4N-1 ) - | eveymbyindzodding sesahs Gumpht pesigralg ambsfite 426iarelclrailedbyaberbi ner,
sai d second stream of £4N- 1)-1evel synbols pJ ovi di ng ~~ sef rLd conb filter
multiplexer 4261 beingplaced into 1t> irst state during the éntirety of each data
segment containing field sync, as well as for four symbol epochs at the beginning of
1010  each data segment. When this control signal is in 1ts first state, the multiplexer 4261
reproduces as its output signal ideal symbol decoding results supplied from memory
in the controller 28. The introduction of ideal symbol decoding results into the
multiplexer 4261 output signal halts a running error. The maximum number of data
fields required 1o expunge running error in the multiplexer 4261 output signal is
1015 presumably substantially the same as required to expunge running error in the
multiplexer 3261 output signal. However, the number of times the error recurs in that

period is lower by a factor of 131.

The FIGURE 12 NTSC-rejection comb filter 420 suppresses most
demodulation artifacts generated in response to analog TV vertical synchronizing
1020  pulses and-equalizing pulses, as well as suppressing all the demodulation artifacts
generated in response to analog TV horizontal synchronizing pulses. These artifacts
are the co-channel interference with highest cnergy. Also, the NTSC-rejection comb
filter 420 suppresses artifacts arising from the video content of the analog TV signal
that does not change from field to field or line-to-line, getting rid of stationary

1025  pamtemns irrespective of their horizontal spatial frequency or color. Artifacts of most
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200 -56 19. The conbination of claim15, wherein said first |inear cunbi ner

The- cosmbi nat i onr T e 2o s e SR b e B RRRRED =

synbol eFwhgatk %o feaelbiék the modulo-8 sum results of the adder 5262, as delayed 718,200
symbol epochs by the delay device 5263, to the adder 5262 as a summand. This is a
modular accuinulation procedure in which a single error propagates as a running error,

[0S0  with error recurring every 718,200 symbol epochs. This symbol code span is longer

than the splm ‘or a single block of the Reed-Solomon code, so a single running error is
readily correcied during Reed-Solomon decoding. Running errors in the postcoded
symbol decoding results from the postcoding comb filter 526 are curtailed by the

multiplexer 5261 being placed into its first state during the entirety of each data

1055  segment containing field sync, as well as for four symbol epochs at the beginning of
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Symbol decoding selection circuitry 90 in FIGURE 14 formulates a best
1100  estimate of cotrect symbol decoding for application to the trellis decoding circuitry
34, selecting from the interim symbol decoding results received from the data-slicer
22 and the various postcoded symbol coding results received from postcoding comb
filters A26, B26 and C26. The best estimate of symbol decoding results are used to

correct the swrmation procedures in the postcoding comb filters A26, B26 and C26.

1105 FIGURE 15, comprising FIGURES 15A and 15B, illustrates in greater detail a
currently preferred way of implementing the symbol decoding selection circuitry 90.
FIGURE 15A shows details of circuitry for generating prescribed symbol decoding
results for apphcation, during data synchronization intervals, to the 3-bit-wide output
data bus 800 of the symbol decoding selection circuitry 90. The 15A circuitry

1110 operates simila ly to circuitry described above with reference 10 FIGURE 8.

FIGURJ 15B illustrates in greater detail circuitry within the symbol decoding
selection circuitry 90 for selecting among the interim symbol decoding results and the
various postcoded symbol decoding results, for generating final symbol decoding
results during time periods between data synchronization intervals. The efficacies of

(115  the NTSC-rejection filters A20, B20 and C20 in removing NTSC co-channel
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1125  and A100 being an adder and the linear combiner in the other of the filters A20 and
A100 being a subtractor. This is because the filter A100 is supplied baseband video,
but the artitact of NTSC video carrier in the DTV signal supplied to the filter A20 is
not at baseband for video carrier. For similar reasons, the NTSC-rejection filter B100
differs from the NTSC-rejection filter B20 of second type insofar as the type of linear
1130 combiner that is used, and the NTSC-rejection filter C100 ditfers from the
NTSC-rejection filter C20 of third type insofar as the type of linear combiner that is
used. The respenses of the NTSC-rejection filters A100, B100 and C100 are squared
by squarers A102, B102 and C102, respectively, for determining the energies of these

responses. The response of the lowpass filter 54 is squared by a squarer 104 for

1135  determining its energy.

FIGURLE 15B modifies the FIGURE 8 circuitry to replace the multiplexer
2611 and the tri-state data buffer 82 with four tri-state data buffers 082, A82, B82 and
C82. The tri-stute data buffer 082 is used for selectively asserting the interim symbol
decoding results from the data-slicer 22 onto the 3-bit-wide output data bus 800 of the
1140  symbol decoding selection circuitry 90. The three tri-state data buffers A82, B82 and
C82 are used fo: selectively asserting the postcoded symbol decoding results from the

postcoding com> filters A26, B26 and C26, respectively, onto the data bus 800.

Tt is to be determined whether any of the responses of the NTSC-rejection
filters A100, B100 and C100 has substantially less energy than the response of the
1145 lowpass filter 54 10 determine that one of the three tri-state data buffers A82, B82 and

C82, rather than the tri-state data buffer 082, is (o be conditioned for providing low
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: 10% h&' () -10%1M%orespo(i3es of S8 A4 énd B102 are compared by a comparator 108; the
respoases of squarers 104 and C102 are compared by a comparator 110; the responses
1155  of squarers A102 and B102 are compared by a comparator 112; the responses of
squarers A102 and C102 are compared by a comparator 114; and the responses of

squarers B102 and C102 are compared by a comparator 112.

A 3-input NOR gate 118 responds to none of the comparators 106, 108 and
110 indicating that the response of squarer 104 exceeds any of the responses of the
1160  squarers A102, B102 and C102 to furnish a ONE as output signal; otherwise the NOR
gate 118 output signal is a ZERO. A 2-input AND gate 120 supplies a ONE response
that conditions the three tri-state data buffer 082 for providing low source impedance
when and only when NOR gate 92 response is ONE at t.he same time that the NOR

pate 118 response is a ONE.

1165 . A 3-input AND gate 122 furnishes a ONE output signal responsive to the
output of the comparator 106 being a ONE, indicative that the squarer A102 response
has less energy than the squarer 104 response, at the same time both of the
complemented outputs of the comparators 112 and 114 are ONEs, indicative that the
response of squarer 104 has no more energy than the responses of the squarers B102

[170  and C102; otherwise the AND gate 122 output signal is a ZERO. A 2-input AND
gate 124 supplics a ONE response that conditions the three tri-state data buffer A82
for providing low source impedance when and only when NOR gate 92 response is

ONE at the saine time that the AND gate 122 response is a ONE.

A 3-input AND gate 126 furnishes a ONE output signal responsive 1o the
1175  complemented output of the comparator 116 being a ONE, indicative that the squarer

B102 response has no more energy than the squarer C102 response, at the same both
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1180  supplies a ONL response that conditions the three tri-state data buffer B82 for

providing low source impedance when and only when NOR gate 92 response is ONE

at the sume time that the AND gate 126 response is a ONE.

A 3-input AND gate 130 furnishes a ONE output signal when the outputs of
the comparators 110, 114 and 116 ace all ONEs, indicative that the response of
1185  squarer C102 has less energy than the responses of the squarers 104, A102 and B102,;
otherwise the AND gate 130 output signal is a ZERO. A 2-input AND gate 132
supplies a ONL response that conditions the three tri-state data buffer C82 for
providing low source impedance when and only when NOR gate 92 response is ONE

at the same time that the AND gate 130 response is a ONE,

1190 Referring back to FIGURE 14, the NTSC-rejection comb filter A20 and the
postcading comb filter A26 circuitry are advantageously chosen to be of types like the
NTSC-rejecticn comb filter 520 and the postcoding comb filter 526 circuitry of
FIGURE 13. This is so despite a considerable cost in memory, since 718,200 symbols
have to be stored in each of the 2-video-frame delays 5201 and 5263. (However, the

1195  storage in the 2-video-frame delay 5201 provides the storage required for the FIGURE
1S co-channel interference detector A44. Furthermore, the same memory can be used
for realizing the shorter delays 4201, 3201, 2201, 1201 and the shorter delays in the
other co-channel interference detectors of FIGURE 15. Also, the storage in the 2-

video-frame dzlay 5263 provides the storage required for shorter delays 4263, 3263,
1200 2263, 1263))

The high-energy demodulation artifacts generated in response to analog TV
synchronizing pulses, equalizing pulses, and color bursts are all suppressed when the
NTSC-rejection comb filter A20 additively combines alternate video frames Also,
artifacts arising from the video content of the analog TV signal that does not change

1205  over two frames are suppressed, getting rid of stationary patiems irrespective of their

spatial frequency or color. When NTSC-rejection comb filter A20 additively
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concerns suppressing those demodulation artifacts arising from frame-to-frame

difference at certain pixel locations within the analog TV signal raster. These
demodulation artifacts can be suppressed by intra-frame filtering techniques, The
NTSC-rejection comb filter B20 and the postcoding comb filter B26 circuitry can be
1215 chosen to suppress remnant demodulation artifacts by relying on correlation in the
horizontal direction, and the NTSC-rejection comb filter C20 and the postcoding
comb filter C26 circuitry can be chosen 10 suppress remnant demodulation artifacts by
relying on cocrelation in the vertical direction. Consider how such a design decision

can be furthe: implemented.

1220 If the sound carrier of a co-channel interfering analog TV signal is not
suppressed by SAW filtering or a sound trap in the IF amplifier chain 12, the
NTSC-rejection comb filter B20 and the postcoding comb filter B26 circuitry are
advantageously chosen to be of types like the NTSC-rejection comb filter 120 and the
postcoding comb filter 126 circuitry of FIGURE 9. [f the sound carrier of a co-

1225  channel interfering analog TV signal is suppressed by SAW filtering or a sound trap
in the [F amplifier chain 12, the NTSC-rejection comb fifter B20 and the postcoding
comb filter 1326 circuitry are advantageously chosen 1o be of types like the NTSC-
rejection cornb filter 220 and the postcoding comb filter 226 circuitry of FIGURE 10.
This is because the anti-correlation between video components only six symbol

1230 epochs away from each other is usually better than the correlation between video

components twelve symbol epochs away from each other.

The optimal choice of the NTSC-rejection comb filter C20 and the postcoding
comb filter C26 circuitry is less straightforward, because of the choice one must make
(in consideration of field interlace in the interfering analog TV signal) whether to
1235 choose the “emporally closer scan hine in the same field or the spatially closer line in

the preceding field to be combined with the current scan line in the NTSC-rejection
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| Ds$10%& ( )W'ﬂkn NTSC-rejection comb filter C20 additively combines alternate scan lines of
video, the NTSC-rejection comb filter C100 differciitially combines those alternate
scan lines of video and together with the squarer C102 provides a detector for change

1245  between altemnate scan lines in the NTSC co-channel interference.

With the other choice instead, the NTSC-r¢jection comb filter C20 and the
postcoding comb filter C26 circuitry are of types like the NTSC-rejection comb filter
420 and the postcoding comb filter 426 circuitry of FIGURE 12. The NTSC-rejection
comb filter C100 and the squarer C102 together then provide a detector for change

1250  between fields in the NTSC co-channel interference.

The FIGURE 14 digita] receiver apparatus is modified in yet other
embodiments of the invention to use additional parallel data-slicing operations, each
carried out by 1 cascade connection of respective NTSC-rejection filter followed by a
respective even-level data-slicer followed by a respective postcoding comb filter.
1255  While.two additional parallel data-slicing operations are shown in FIGURE 14,
modifications to use still further parallel data-slicing operations can provide capability

for refining the best estimate of correct symbol decoding result still further

The trellis decoder circuitry 34 may be replicated and the relative success of
various symbol decoding decisions can be compared to refine the best estimate of
1260  symbol decoding result further. This involves considerably more digital hardware,

however.

[n certain embodiments of the invention alternative to those previously
described, the symbol decoding selection circuitry 90 includes voting circuitry for
polling the symbol codes supplied from the odd-level data-slicer 22, the postcoding

1265  comb filter A26 of first type, the postcoding comb filter B26 of second type, and the
postcoding camb filter C26 of third type. I€all four of the symbol decoding results
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procedure is carried out by the voting circuitry to select the decoding result least likely

to be in error.

More nccurate symbol decoding will be obtained more of the time if a
weighted voting procedure is followed in the voting circuitry. The weights for voting
can be modified to take into account the variances of the decoding results, reducing
the weight accorded a decoding result in the voting procedure if it departs from a
decoding result concurred in by a majority of the other symbol decoding circuits.
Using circuitry similar to some of the circuitry shown in FIGURE 15B and some
additional circuitry, weights for voting can also be determined in inverse relationships
to the energy measurements generated by the squarer 104, by the NTSC-rejection
comb filter A100 and the squarer A102, by the NTSC-rejection comb filter B100 and
the squarer BJ02, and by the NTSC-rejection comb filter C100 and the squarer C102.

Co-channel interference by analog television signals of other standards than
NTSC, such as the PAL standard, may arise in digital television systems adapted from
the digital television system used for terrestrial broadcasting in the United States of
America. The invention is readily modified as a mere matter of design to

accommodate such co-channel interference.

One skilled in the art of digital communications recciver design and
acquainted with the foregoing specification and its drawing will be enabled to design
many embodiments of the invention other than the preferred ones specifically
described. IThis should be borne in mind when construing the scope of the broader
claims which follow. In the claims which follow, the word "said" is used whenever
reference is made to an antecedent, and the word "the” is used for grammatical

purposes othe~ than 1o refer back to an antecedent.

| y#1
Y 2003
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susceptible to being accompanied by artifacts of co-channel interfering analog
television signal, N being a positive integer, said method generating selected symbol

5 decoding resuits and comprsing the steps of:

comb filtering said stream of 2N-level symbols to generate a comb filter
response with (4N-1)-level precoded symbols from which any said artifacts of
co-channel interfering analog television signal are suppressed, said step of comb

filtering including substeps of

10 delaying said stream of 2N-level symbols by a prescribed number of said

symbol epochs to generate a delayed stream of 2N-level symbols and

linearly combining said stream of 2N-level symbols and said delayed stream
of 2N-level syinbols, in accordance with one ot additive and subtractive procedures,
to generate first linear combining results as said comb filter response with

15 (4N-1)-level precoded symbols;

" data-slicing said comb filter response with (4N-1)-level precoded symbols to

generate precoded symbol decoding results;

delayin;z said selected symbol decoding results by said prescribed number of

said symbol epachs to generate delayed selected symbol decoding results;

20 linearly combining said precoded symbol decoding results with said delayed

selected symbol decoding results for generating second linear combining results,
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level symbols ind said delayed stream of 2N-level symbols to generare said first

linear combiniag results, said opposite of said additive and subtractive procedures

performed according iv « modular arithmetic;

determining when symbol coding descriptive of synchronization data occurs in

30  said stream of IN-level symbols;

regencrating said synchronization data without error when said symbol coding
descriptive of said synchronization data occurs in said stream of 2N-level symbols:

and

generat:ng said selected symbol decoding results so as to correspond to said
35  synchronization data without error when said symbol coding descriptive of said
synchronization data occurs in said stream of 2N-level symbols and so as to
correspond to said second linear combining results at least during selected times when
symbol coding that is not descriptive of said synchronization data occurs in said

stream of 2N-level symbols.

2. The method of symbol decoding set forth in claim | included in a method of
symbol decoding said stream of 2N-level symbols for generating final symbol
decoding results in which artifacts of co-channel interfering analog television signal
are automatically suppressed during symbol decoding, said method for generating

5  final symbol decoding results further including the steps of:

data-slicing said stream of 2N-level symbols to generate intennm symbol

decoding results;
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—results responsive to determination that said stream of 2N-level symbols is not
accompanied by artifacts of co-channel interfering analog television signal that are of
sutficient strength 10 cause substantial error in said interim symbol decoding results;

15 and

responsive to determination that said stream of 2N-level symbols is
accompanied by artifacts of co-channel interfering analog television signal that are of
sufficient strength to cause substantial error in said interim symbol decoding results

causing said tinil symbol decoding results to correspond 1o said selected symbol

20 decoding results.

3. The method for generating final symbol decoding results set forth in claim 2;
wherein, responsive to determination that said stream of 2N-level symbols is not
accompanied by artifacts of co-channel interfering analog television signal that are of
sufficient strength to cause substantial error in said interim symbol decoding results,

said interim symbol decoding results are included in said final symbol decoding

[V 1)

results only dur.ng said selected times when symbol coding that is not descriptive of
said synchronizition data occurs in said stream of 2N-level symbols; and wherein

there is included a further step of:

causing said final symbol decoding results 1o correspond to said
10 synchronization data without error, when symbol coding that is descriptive of said

synchronization data occurs in said stream of 2N-level symbols.
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sufficient strength to cause substantial error in said interim symbol decoding results

5  comprises the substeps of:

differentially combining said interim symbol decoding results and said second

linear combining results to generate a difference signal;
determining the energy of said difference signal; and

detecting when the energy of said difference signal exceeds a prescribed
10  threshold value, thereby determining that said stream of 2N-level symbols is
accompanied by artifacts of co-channel interfering analog television signal that are of
sufficient strength to cause substantial error in said interim symbol decoding results;

and

detecting when the energy of said difference signal does not exceed said

,_.
in

prescribed threshold value, thereby determining that said stream of 2N-Jevel symbols
is not accompanied by artifacts of co-channel interfering analog television signal that

are of sufficient strength 10 cause substantial error in said interim symbo! decoding

results.

3. The method for generating final symbol decoding results set forth in claim 3,
wherein said step of determining whether or not said stream of 2N-level symbols is
accompanied by artifacts of co-channel interfering analog television signal that are of

sufficient strength to cause substantial error in said interim symbol decoding results

S comprises the substeps of:

differentially combining said interim symbol decoding results and said second

linear combining results to generate a difference signal;

squariny said difference signal to generate a squared difference signal;
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of co-channel interfering analog television signal that are of sufficient stirength to

cause substantial error in said interim symbol decoding results; and

detecuny when said rectified lowpass filtering response does not exceed said
15 prescribed threshold value, thereby determining that said stream of 2N-level symbols
is not accompar.ied by artifacts of co-channel interfering analog television signal that
are of sufficient strength to cause substantial error in said interim symbol decoding

results.

6. The method for generating final symbol decoding results set forth in claim 2
employed with a digital television receiver generating said stream of 2N-leve]
symbols by demodulation of amplified intermediate-frequency signals, which
intermediate-frequency signals are generated by frequency conversion of digital

5 television signels, wherein said step of determining whether or not said stream of
2N-level symbols is accompanied by artifacts of co-channel interfering analog
television signal that are of sufficient strength to cause substantial error in said interim

symbol decoding results comprises the substeps of:

generating intermediate-frequency signals by frequency conversion of digiral

10  television signils;

amplitying said intermediate-frequency signals to supply amplitied

intermediate-frequency signals;

synchronously detecting said amplified intermediate-frequency signals at a
video carrier frequency of said co-channel interfering analog television signal, in a
15  complex demedulation process for generating in-phase and quadrature-phase

synchronous video detection responses;
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separating a video component of said co-channet interfering analog television
signal from said in-phase and quadrature-phase synchronous video detection

responses;

20 determining the energy of the separated video component of said co-channel

interfering analog television signal;

aetecting when the energy of said separated video component of said
co-channel interfering analog television signal exceeds a prescribed threshold value,
thereby determining that said stream of 2N-level symbols is accompanied by artifacts
25  of co-channel interfering analog television signal that are of sufficient strength to

cause substantial error in said interim symbol decoding results; and

detecting when said rectified lowpass filtering response does not exceed said
prescribed threshold value, thereby determining that said stream of 2N-level symbols
is not accompanied by artifacts of co-channel interfering analog television signal that
30 ~ are of sufficiens strength to cause substantial error in said interim symbol decoding

results.

7. The method for generating final symbol decoding results set forth in claim 2
emplo;'ed with a digital television receiver generating said stream of 2N-level
symbols by demodulation of amplified intermediate-frequency signals, which
intermediate-frequency signals are generated by frequency conversion of digital

5 television signals, wherein said step of determining whether or not said stream of
2N-level symbols is accompanied by artifacts of co-channel interfering analog

television signal that are of sufficient strength to cause substantial error in said interim

symbol decoding results comprises the substeps of:

generating intermediate-frequency signals by frequency conversion of digital

10  television signals;
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intermediate-frequency signals including the modulated video and audio carriers of

said co-channel interfering analog television signal,

detecting an intercarrier sound signal responsive to heterodyne between the
15 modulated video and audio carriers of said co-channel interfering analog television

signal included in said amplified intermediate-frequency signals
determining the energy of said intercarrier sound signal;

detecting, when the energy of said intercarrier sound signal exceeds a
prescribed threshold value, thereby determining that said stream of 2N-leve} symbols
20  is accompanied 3y artifacts of co-channel interfering analog television signal that are
of sufficient strength to cause substantial error in said interim symbo! decoding

results; and

detecting when the energy of said intercarrier sound signal does not exceed
said prescribed threshold value, thereby determining that said stream of 2N-level
25  symbols is not azcompanied by artifacts of co-channel interfering analog television
signal that are of sufficient strength to cause substantial error in said interim symbol

decoding results.

8. The method of symbol decoding set forth in claim 1, wherein said substep of
linearly combining said stream of 2N-level symbols and said delayed stream of
2N-level symbols in said step of comb filtering is a subtractive procedure, and
wherein said step of linearly combining said precoded symbol decoding results with

5  said delayed selected symbol decoding results is an additive procedure carried out in a

modulo-2N arithmetic.,

9. The method of symbol decoding set forth in claim 8, wherein said prescribed

nurnber of said symbol epochs is twelve.
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linearly combining said streamn of 2N-level symbols and said delayed stream of 2N-
level symbols in said step of comb filtering is an additive procedure, and wherein said
step of linearly combining said precoded symbol decoding results with said delayed

5  selected symbol decoding results is a subtractive procedure carried out in a modulo-

2N arithmetic.

11.  The method of symbol decoding set forth in claim 8, wherein said prescribed

number of said symbol epochs is six.

12, The method of symbol decoding set forth in claim 8, wherein said prescribed

number of said symbol epochs is substantially equal to the duration of two horizontal

scanning lines of said co-channel interfering analog television signal.

13.  The method of symbol decoding set forth in claim 8, wherein said prescribed
number of said symbol epochs is substantially equal to the duration of two hundred

sixty-two horizontal scanning lines of said co-channel interfering analog television

signal.

14.  The method of symbol decoding set forth in claim 8, wherein said prescribed
number of said symbol epochs is substantially equal to the duration of two video

frames of said co-channel interfering analog television signal.
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15. In combination-

digital television signal detection apparatus tor supplying a stream of 2N-level
symbols each having a symbol epoch of a specified length in time, which stream is

susceptible to being accompanied by artifacts of co-channel interfering analog

television signal;

LV}

a first delay device for exhibiting a delay of a prescribed first number of said
symbol epochs, connected to respond to said stream of 2N-level symbols with a first
delayed stream of 2N-level symbols, thereby to generate a first pair of differentially

delayed streanis of said 2N-level symbols;

10 a first linear combiner which linearly combines said first pair of differentially
delayed streams of said 2N-level symbols susceptible to being accompanied by
artifacts of co-channel interfering analog television signal, received as first and second
respective input signals of said first linear combiner, to generate a first stream of
(4N-1)-level symbols as an output signal of said first linear combiner, said first stream

15 of (4N-1)-leve! symbols providing a first comb filter response in which said artifacts

of co-channel interfering analog television signal are suppressed,

a first data slicer decoding said first stream of (4N-1)-level symbols supplied
as respective output signal from said first linear combiner, for generating first

precoded symbol decoding results;

20 a second linear combiner which lincarly combines respective first and second
input signals received thereby for supplying a respective output signal therefrom, said
second linear combiner connected to receive said first precoded symbol decoding
results as said respective first input signal thereof, one of said first and said second

linear combine-s being an adder and the other of said first and said second linear

combiners being a subtractor;

(V]
W

a second delay device connected for delaying a respective input signal thereof
said prescribed first number of symbol epochs to generate said second input signal of

said second linear combiner;
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circuity for generating ideal symbol decoding results when symbols used for

data synchronization are determined to appear in said stream ot 2N-level symbols;

a plural-input first multiplexer connected for supplying a respective output
signal therefrom to said second delay device as said second input signal thereof, for
35 receiving said ideal symbol decoding results as a first of its input signals, and for
receiving said output signal of said second linear combiner as another of its input
signals, said ficst multiplexer being conditioned to reproduce as its output signal the
first of its input signals when and only when symbols used for data synchronization
are determined to appear in said stream of 2N-level symbols and otherwise being
40  conditioned at least at selected times to reproduce said output signal of said second

linear combiner as first postcoded symbol decoding results.,

16. The combination of claimn |5, further compnsing:

a secord data slicer decoding said stream of 2N-level symbols for generating
interim symbol decoding results supplied to said first multiplexer as a second inpurt

signal thereof, said output signal of said second linear combiner being supplied to said

L

first multiplexer as a third input signal thereof; and

NTSC co-channel interference detection circuitry for determining whether or
not said stream of 2N-level symbols is accompanied by artifacts of co-channel
interfering analog television signal as will cause uncorrectable error in said interim
symbol decoding results generated by said second data slicer, said first multiplexer

10 being conditioaed to reproduce said second of its input signals when said NTSC
co-channel interference detection circuitry determines said stream of 2N-level
symbols is not accompanied by artifacts of co-channe!l interfering analog television

signal as will cause uncorrectable error in said interim symbol decoding results, and
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television signal as will cause uncorrectable error in said interim symbol decoding

results.

17.  The combination of claim 16, further comprising:

a third delay device exhibiting a delay of a prescribed second number of said
symbol epoche, connected to respond 1o said stream of 2N-level symbols with a
second delayed stream of 2N-level symbols, thereby to generate a second pair of

differentially delayed streams of said 2N-level symbols;

n

a third linear combiner which linearly combines said second pair of
differentially delayed streams of said 2N-level symbols susceptible to being
accompanied ty artifacts of co-channel interfering analog television signal, received
as tirst and second respective input signals of said third linear combiner, to generate a

10 second stream of (4N-1)-level symbols as an output signal of said third linear
combiner, said second stream of (4N-1)-level symbols providing a second comb filter
response in which said artifacts of co-channel interfering analog television signal are

suppressed,

a fourtt linear combiner which linearly combines respective first and second
15 inputsignals received thereby for supplying a respective output signal therefrom to
said first multiplexer as a further input signal thereof, one of said third and said fourth
linear combiners being an adder and the other of said first and said second linear

combiners being a subtractor;

a third data slicer decoding said sccond stream of (4N-1)-level symbols
20  supplied as respective output signal from said third linear combiner, for generating
second precoded symbol decoding results applied to said fourth linear combiner as

said respective first input signal thereof; and
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multiplexer said prescribed second number of symbol cpochs to generate said second

25  input signal of said fourth linear combiner.

18. The combination of claim 15, wherein said first multiplexer is a two-input
multiplexer conditioned to reproduce said another of its input signals as its said output
signal when not conditioned to reproduce said first of its input signals as its said

output signal, said combination further comprising:

5 a second data slicer decoding said stream of 2N-level symbols for generating
interim symbal decoding results supplied to said first multiplexer as a second input
signal thereof said output signal of said second lincar combiner being supplied to said

first muitiplexer as a third input signal thereof;

NTSC co-channel interference detection circuitry for determining whether or
10 not suid streara of 2N-level symbols is accompanied by artifacts of co-channel
interfering anulog television signal as will cause uncorrectable error in said interim-

symbol decoding results generated by said second data slicer; and

a plural-input second multiplexer connected for supplying a respective output

signai therefrem reproducing a respective input signal thereof as final symbol

15 decoding results, for receiving said interim symbol decoding results as a first input
signal thereof, and for receiving said output signal of said first multiplexer as another
input signal thereof, said multiplexer being conditioned to reproduce said first of its
input signals when and only when said NTSC co-channel interference detection
circuitry determines said stream of 2N-level symbols is not accompanied by artifacts

20  of co-channel interfering analog television signal as will cause uncorrectable error in
said interim symbal decoding results, and said second multiplexer being conditioned
to reproduce said other input signal thereof when said NTSC co-channel interference
detection circuitry determines said stream of 2N-level symbols is accompanied by
artifacts of co-channcl interfering analog television signal as will cause uncorrectable

25  error in said interim symbol decoding results.
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and said second linear combiner is a modulo-2N adder.

20.  The combination of claim 19, wherein said prescribed first number of symbol

epnrhs is twelve

21. The combination of claim 1S5, wherein said first linear combiner is an adder

and said second linear combiner is 2 modulo-2N subtractor.

22. The combination of claim 21, wherein said prescribed first number of symbol

epochs is six.

23.  The combination of claim. 19, wherein said prescribed first number of symbol
¢pochs is substantially equal to the number of symbol epochs in two horizontal scan

lines of said ca-channel interfering analog television signal.

24.  The combination of claim 19, wherein said prescribed first number of symbol

epochs is one-thousand three hundred sixty-eight.

25. The coinbination of claim 19, wherein said prescribed first number of symbol
epochs is substantially equal to the number of symbol epochs in two hundred sixty-

two horizontal scan lines of said co-channel interfering analog television signal.
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epochs is substantially equal to the number of symbol epochs in two video frames of

said co-channel interfering analog television signal.

28. The combination of claim, 19, wherein said prescribed first number of symbol

epochs is seven hundred eighteen thousand rwo hundred.



