; €3e11d06f T$>2 o h~~~Y zoos -1 DIG TAL TV RECElI VER Cl RCU TRY FG@&DIETFHC‘EMSG
D SUPPRESSI NG NTSC CO- CHANNEL | NTERFERENCE This is a continuation-in-part

AN

of U S patentlluﬂﬂmmmﬂ%wmm)seriaI No. 0818;9,691 filed April 15 1997. The
present inventi'® digital television systens, such as the

di gi tal hi gh-defi ni*teon* t el evi si on (HDTV) system used for terrestrial
broadcasting in the United States of Anmerica in accordance with the

Advanced ' Tel evi sion Sub-Conmittee (ATSC) standard, and nore particularly,

to digital tel evinf)i %n receivers with circuitry for detecting co-channel
interference fronmPAfAF ¢ TYIREAEIGERGIRGUEIRY ROR BETHOTENGOQNDr M ng t 0

the National Tel evi si ' ) r.d. BACKGROUND OF
THE | NVENTION *i 11 QT ??ﬁﬁt}gﬁ‘% ﬁ@é‘?i‘fﬁém{éﬁ%& RENCEShed 16
Sept enber 1995 by the Advanced Tel evi si on Subcocrunittee (ATS.C) specifics
vestigial si debanbhi¢ iy Stdntisiapivakia-ghanf U 8n ﬂi:rittai::ﬂg:agbtgketrﬁxll Noebg¥igEan (DTV)
std nalLs in E"e\” ~%-ba{bg§/i dth tel evision channels such as those currently
used in over-ltﬂé\-péﬁ tb'b dcasting of ~"ational Television 1 S Subconmittee
(NTS~) analog television signals within the United States. The VSO DTY
signs! is desi gne'ﬂlt‘sxﬁesﬂhﬁin%kﬁfbtnrrhﬂ!ﬂeb%Jubifﬁ'té’le\}rig’ioh%férhgw% HhdaRg

g Sl [

spectrum of a co-channel interfering NTSC anal o nal . S®1I'S done by
posi ti oni ng higkrdplinisen ielgvisien (HINTV) Hetepr ised ifprabrresmpd btoadeastinglitl g i on

si deband «f r i he DIV sisal at, 6 odd | ti pLes of one-quarter the
hor i zont &l gg%ﬁeaﬁtﬁgs ?‘2@%’”%‘%"‘ ‘Pr?&“?{ﬁ%?t‘ &h‘&ﬁg"g’*gu ce bﬂgwgﬁm that fall

bet ween t he SabeCommiittdehAS Y brafdiRd G iR partieulBaY kg ARGE 1o RCRDbal ate of
t he, NTSC anal og _TV,si%R%I at whi ch even ‘r)rulti E'We's m%qsti 8? ?ﬁgrg%g\écg? of
zhe | umi nancBULBHEFUERY WPRAHEE ©oihsares ifterfaencs oo adagtelevisinasigalsi ng” N?SC
dnal og TV sisgaals hid - hhes W ls f .an SC .ana V si gnal

I S of fset 1.5’?5 M ~z efcrogx%r{nﬂlneg ghmee¢lﬂfoﬁlﬁ1 l%‘b%é“%?“f‘ﬂ%&@l“@@?%é‘\g% hannel .

T he carri erstapflattthe | aTV 25 signal is offset fromsuch video carrier by
59.75 tinmes the horizontal scan line rate of the NISC anal og TV signal, to

Froquendd of the tel evi si o ASKARALNS 08 BNy Eretioncar 1 er MNIEHMMII
2003 2 of the DTV signal is about 2,690122.4 Hz fromthe m ddl.«fskequency
of the televisi ol pighaM&@dvision Standard published 16 September 1993 by the Advanced
Television Subcommittee (ATSC) specifies vestigial sideband (VSB) signals for
transmitting digital television (DTV) signals in 6-MHz-bandwidth television channels
such as those currently used in over-the-air broadcasting of National Television
15 Subcommirttee (NTSC) analog television signals within the United States. The VSB
DTV signal is designed so its spectrum is likely to interleave with the spectrum of a
co-ch;xnnel interfering NTSC analog TV signal. This is done by positioning the pilot
carrier and the principal amplitude-modulation sideband frequencies of the DTV
signal at odd multiples of one-quarter the horizontal scan line rate of the NTSC analog
20 ' TV signal that fall between the even multiples of one-quarter the horizontal scan line
rate of the NTSC analog TV signal, at which even muitiples most of the energy of the
luminance and chrominance components of a co-channel interfering NTSC analog TV
signal will fall. The video carrier of an NTSC analog TV signal is offset 1.25 MHz
from the lower limit frequency of the television channel. The carrier of the DTV
25  signal is offset from such video carrier by 59.75 times the horizontal scan line rate of
the NTSC é.nalog TV signal, to place the carrier of the DTV signal about 309,877.6

kHz from the lower limit frequency of the television channel Accordingly, the carrier



The exact synbol rate in the Dt;ital Television Standard is (6$4!2_8| éé[)w 2003
tirn~s the =l ~ uriT-rz sound carrier offset fromvideo carrier in an NTSC
anal og TV signal. > The nunber of synbols per horizontal scan line in an
NTSC anal og TV signal is 6S4, and ?8b is the factor by which horizontal
scan line rate in an NTSC analoj Tl1~ signal is nmultiplied to obtain the 4.5
Nl Hz sound carrier offset fromvideo carrier in an NISC anal og TV signal.
The synbol rate is t 10.762238 negasynbol 5 per second, |vhich can be

cont ai ned i nofah&/BXT Vssignedls abeyeh6?hg2 3. Hsfr¢mithd iddld-feduenin dTIMV legisidn
carrier. 10 That .is, the VS8 signal can be |limted to a band extending
i.690997 NI I—&haf"?%m the lower Iimt frequency of the tel evision channel. The
ATSC standard for digital HDTV sisal terrestrial broadcasting in the United
States of AmericsTheexaeqghibel @fe ih iR Sgihit Telggbi BRRIAE 4 (#94BGhmAaSf ni tion
television (HDTV).formats with 16:9 aspect ratio. One HDTV displa

format, uses thef 3195ls squndnagderpiisetdeamm videmearsadinro 6l He enales MY signaht al scan
ti nes per: 3 i 2. el d interlac ot her DTV, di ay

For mat " udes TGy T8 Yrhebisad ptifBiy s lne 4 i NTSE S OE TV IR FELTY

scanned scanandil3éds ok ficedrebyivehichdrihal R2h in® rdtl infdnares C ThEo AT8Giglaandar d
al so acconmmpdat es@{fge transm ssion of DTV display formats ot her than HDTV

{ Y . tn !
di spl ay for mafeliRiggio getaniae 3 Mile e9und camierPHest SRnpYidegsamiergn e NS on
si gnal s havi ROF PRl defrh Rk P i CYRBLS o I evi si on
signal DTV tdr?)glr%m ttgaﬂb;rhgg}s??ﬁirgﬁlsgl debaﬁ%g??}gg@glﬁg}théﬁgrg@r}%r{%ti on
{AM) duri ng tecronastediimk iSBonighstembng 3.681HE MHE fiech BT ¥t stenabfarderer i ca

conpri ses, a successi af consecutive-in-tinme data,fi h cgnt ai ni ng
313 cons@cutﬂf’ép’r ﬁ‘ﬁtmﬁaﬁ zS“?Ee E‘Bﬁ?f@ﬁ’t&a"dfﬁ@n@ﬁg a.épﬁé%\/%m&t onsi der ed
to be conseryivkVehit fRYREGY 8fmaRdViQorchathéil each odd-nunbered data field
and the succeedi ng even-nunbered data field formng a data frane. The frane

rate is 30.66 frames per second. Each data‘gsneagnent is of 77,3 m croseconds
duration_ So, wi tThetAESE gaprbrd foadiginbRg Va: temgsiripl brppdepgingrin USf 2 synbol s

per data segnent,.. Each. seqment of, data_begins wi Lire 30 ..
synchr oni za%ﬁdcséggs 5?%’6 C@f’sf%ﬁ?leé’;ﬁrﬁr&%@hﬁ%&%é{%ﬁ%é(Ilaﬁs@ d}g.n%nues of +S,
-S, -S 2 Qelevistor YHDT8O Jormad Wittt £6:9 Bhecvativle OhS HIS 0 displag Yermaoetesw t he

maxi mum positive data excursion, and the value -S is one |eyel 'abov.gl t he
maxi mum ldegak20 sarpleapensedl inend 198 agtive hpazontl seandmea Rety Ufaf Hape &y

i ncl udes a fj, OR ' P%Qd ; : §olth i-gnal
for channel -iéghgﬁdiﬁggﬁ?%h&%gmﬁgp I pa@?ﬁé’ﬁ%ﬁ?‘%@%ﬁ%ﬁﬁ%ﬁﬁ@#ﬁeﬁ rai ni ng
signal is a saddliisaaml R0paeiesivelyi ssnad suanines (flevBidnSengepwd0)HE ol | owed by
three 63-sanple PN se_?uences. The m ddl e ong}sﬁ of the 63. @g%e PN sequences
in the fiel dramicHicoh YafPaiee sgeaccammodaies Bie Fangpssian QL DS VRI® wi th a

first |00l c GNKERREARe! ATNPANES ookt uth a6 atlth visaiiniid cfaia [ el d

arid in accordance w sh a secon ogic convention its the first |ine of
each evex- nuslatisied stpmala hhviep dprmdh definiviern inmodpsdewrid an WIKginalatonvent i ons
bei ng one's conpl] engntary respective to cash other. The data within data
lines are trtélleY‘is’é’“éEﬂég using twelve interleaved trellis codes) each a 2/3
rate trellis code with one encoded bit. The interleaved trellis codes tire

subj ect ed t o ReedyBylanfittaby vestigiabsideland (VSBY amplitudodiodgiatiomtidh provi des
for correction of burst errors arising from n&i se sources, such as a nearby

unshi el ded Iduringiereastylsl beosdeganing ip thesiaitedmtatehel 4VERLASHRYRSE L BUFTPesul ts

are transm téfecgns%gutive-in-ﬁme data fields each containing 313 consecutive-in-time data
25  segments. ' The data fields may be considered 10 be consecutively numbered
modulo-2, with each odd-numbered data field and the succeeding even-numnbered data
field forming a data frame. The frame rate is 20.66 frames per second. Each data
segment is of 77.3 microseconds duration. So, with the symbol rate being 10.76 MHz
there are 832 symbols per data segment. Each segment of data begins with a line

30 synchromization code group of four symbols having successive values of +§, -§, -§



78 MAY 2003
S-level (3 bits/synbol) one-dinensional -constellation synbol coding for
over-the-air transm ssion) which transm ssion are nmade w t hout synbol
precodi ng separate fromthe trellis coding procedure. ?he Reed | odine
results are transmtted as 16-1evel (~ bits/synbol)
one-dirrensi anal -constel | ati on synbol coding for cabl ecast, 20 which
transm ssion are nmade wi thout precadinyg The VSH signals have their natural
carrier wave, whjich would vary in anplitude depending on the percentage of
nodul ati on) suptS.eSisedhlucFF®israt twval bedaw tHeahammvie) positve Bk ARSI dandi | Ot
carrier wave of fsxed am?li ude, which anplituyde corresponds to a
prescri bed p@ffdéh'f’agés HEURICNE thsrmamymsnegati v dasmergapsisy  Wigvaitiaklifs xed
anplitude is [ el i W t ift..into the
ol at i ng Vol Lok S| e A R G o SRS ol o ke
anpl i t ude- nodghad firahawietiepalidaionhat muttagunppieasion prochdurés, | Thenrasipp! yi ng
t he VSB sj gnal ?s its response, |If the eight |evels of 4-&&/}/ synmbol codi ng
have nor rral i Y& {5 Udssapple pepudagnoisesequense {gr) PRsseqyencgndoliomved by eeec or ner
modul ating ssg8@dple PRBefieneds. IRe FAAAIE BheshAIhe 8 DT ITRbNZRu LB @ 1. 2S. The
normal i zed value of+S is +5, and the normalized value of -Si1s -5. ~r~l'Y
-4l n the earfidlépyntbucsizafiomeadesfrettiapstDved &y accptdaneeswitlo m flestidgae evveimain t he

DTV broadcaster, might. he called on i.de.whet her or. not to use a
synbol pr eco‘ag‘?e Q%SQF%ce&_tef“g{hé#?%$Y%4a§%€§§ ﬁgcg’n BFe B%rw%ﬁfeﬁo?%hgbﬁm t he
synbol generghivéitioii Gdifirsiind B8 eRh @V RurhBdred BAE R Heiflrtahl B& 0l Synbol s.
Thi s deci sion by the broadcaster woul d have depended upon whet her

i nt er f erléncdogic sanensonsieingate's NSl ementancrespachye reach oliener e expected or
not. The synbol precoder woul d conpl enent the synbol postcodi ng
incidentally intr i T, el ' ed before
the data-slicer iﬁ@;b%gﬂgl;@%g?ﬁ@ggo%ggrag?'rcééﬁdt%ﬁ Oﬁ%}?xg&ﬂ(l&gﬁi f’?‘?gt s of NTSC
co- channel idutey, bashi a Q3 sdrgnrellis Sydeheikh grieame ddenigbiwolHedntedeaved vrelliseedesused f or
data line . 14 synchroni zation caqde oups or duri data lines i.n which
data Hel d s;ﬂﬁ%?ﬁ%‘?ﬁ'%ﬁ%ﬁdﬁa@&mﬁé’?%“?‘;?J"ng‘fﬁ“frte&td‘?“ "@g\%@hﬁ’ glpr?vﬁgeérr%r ence is

reduced at qlealel, HRLARGES ofiliRkbAGoTse Eokick! ARAGARNEAGy BiMdgas) and 1 s

nore |ikely to occur en certal onospheric conditions obtain, the
sunmertiyse raudohsbikdughinon yeans Tife ReepiSelsmiragodang desults\ardoednmitied asot or i ous

for likelihood of co-channel interference. Such interference w |l nor occur
if there ar §‘Wﬁel&é-b&ﬂém@l),N‘FS!&”’B?%%‘&E’&%‘%SME“B’Eé’f’f‘%ﬁ@g‘ﬂg FAFEHEHE ¢ here

were |ikeli h%gm%&igthfry[sﬁgﬁ E%ﬁlﬁigsﬁ&:@%?e Whdevithdiit gyzﬁﬁa%rébdm@@amasﬁoﬁpver age,

it was presune roadcaster woul d use the synbol precoder to
facilitate tthewHD¥vodingpmkeduss. ibherRaed- Sobgnoncodinmestlisdre ¥ s

interference;, and, accordingly, .?0 a it g I as
synbol post cléid@?’gi(‘r‘l%ftﬂg'%’ﬁibg?%édéﬁrﬁnesﬁo’}%gg%é%f)l%\é‘?ﬁes na (l:g%(g% Wé@?ﬁ’g‘ | f
there wepe NEhPRERARibsid 20f mMESAtolt et ®1igy CEheV SB hipmels\hevetheinsotestlant i al

| i kel i hood thereof, in order that noise have a. flat frequency .spectrumless
likely to caasirsvaverdichwaddivaryonampinds deganeing ardheBECsAERE trellis
decoder, it was, presuned tgat t he ~DTY broadcaster woul d di scontinue using
the ?5 symbdf® %’c"é‘d@‘}p?“fﬁ “accordingly, the symbol postcoder woul d then be
di sabl ed in each DTV receiver Wthout the broadcaster being aware of the
condi tion actual ThecheansehrlS6vé isrepliced bpeeilonearhier wansf Sixed amplivde,

portions of the reception area for a broadcast 50w n fr [ ski p
condi ti ons, W%?FB‘%‘%E‘P%&%‘%SI’%%RES@E“ Wﬁﬁmflb" &ﬁﬁ%‘é’gﬁﬁ%é%s pifde

i nt er medisat et SYUCBGY ik (HRGEHIRURNE eStAd bynintibSkiies dirsetompasingifto 30
magneti c tape used- - for digital teleévision recording having remant previous

anal og t el evinmi themoduletiog vajiagoeprdied teythe bakineas meddstongRRETFHPE E¥ndi t i on. ?
~ waY z-o- amplitude-modulation sidebands that are supplied to the filter supplying the VSB

signal as its response. If the eight levels of 4-bit symbol coding have normalized
values of -7, -5, -3, -1, +1,+3, +5 and +7 in the carmer modulating signal, the pilot
30  carrier has a nommalized vale of 1.25. The normalized value of +S is +9, and the

normalized value of -S is -5.



-5 U S patent Nv. 5094,496 issued 14 January 1997 to N el se; % QtM%KI?QUUS‘”d
entitled "DETECTION Op CO Cli ANNEL | NTERFERENCE I N DI G TAL TELEVI S

Si GNAIi . S" describes an N T SC co-channel interference detector in which
data segnents containing field synchroni zati on codas are subjected to data
field conb filtering to obtain a data field conb filter response with
periodic intervals flee fromcynbal cogding in which received noise and
co-channel interference can be evaluated. The data field conb filter
response during thdgeagisr devetopmeneofihe BVlsart srpacedemplatedithatithe BSonse as

subj ected tqQ Further .c filreri t hat resses artifacts of NTSC
co- channel :%magﬁsg?gﬁggrmffllﬁc‘i]@opggpﬁcé% \(\:'%ﬁﬁgfqu"? %t!o i*ig? F%@E‘Pltpéccioﬂerl Ao
appreci abl e tieachacinicrn, WilcH S| ptR¥@d wdulefotodnad syrbdd pesamRsh &&uhﬁ
conprise substantial artifacts of NISC co-channel interference) and conb

filtering téndppyideder precadea éitering ofNTEBOo-Thiertpasion| byttBe bewpdirsier ouldnpl oyed
bef ore synbol. decodi ] fur il i result in
appr eci a%l eg?vee(f%g? I|({I('l(5:rigliq’lpﬁ}' g’é\%’@grt ‘é’%rgﬁge?’éeeﬁg heJoﬁ%h}agéél?grgggx?ﬁ@n%gmg% be
primarily Jefisowertaixpesteddichosy TROdy ntl@t pebt sk r mdutiodven plérhérmttie shnbopr evi ousl y
enpl oying conb filtezing to, suppress artifacts of NTSC cg-channel .

i nt er f er enc 8osiqusiing ingidp@aliy, warogened 18 Fachdy | hgerivenhy & rorab ey wssd pators

del ayzd sy (W eTeTe I als IR j ” i, IS i fat $ or so
increase in Jo a%s%lr?@ﬁ%ﬁtgee%w%zeéc%r” %@Lﬁ%& r%%@%gt? ggﬁgglregi‘%ecg c??grt%mgut hori ze
the transni irdtefering sigsrl. Syt preediegvogld ribheawupen esslifondad liso- channel

interfering analog TV si:ynai is 20 presuped.to be cargied out in.the
trellis!@ecsdchynigrtprewe %?‘{Pé@fﬁﬁég%‘g%‘%@qsilﬁ i“’ﬁ@‘%&&é‘dg P%F?Hﬁ"élé?&&?&t ed with
synbol decoqg‘ggvcrér@&%ngﬁggedure avoi ds the problern of determ ning whither
or not preceding 1s done at the transmtter. However, co-channel

interfering analog TV signal undesirably introduces errors into the
dat a- sl i ci ng pr o€esbesne! wigrenst iiceduced reeBUEUEMARASS {198 WEAI S Cor rect i on

decodi ng praeequres) ?5 trellis de i d Reed- odi ng These
errors wll g?"é gng ﬁémff‘rt(ﬁé’ﬂgésgf‘még@glryggé)@a gﬁ%ﬁ%&%%ﬁ% *%ﬁge revenue for
the comver cialdigbhy¥ JBfaddetsuhifertiRe mddIR\dudh g §edrobf hiBE sslupgrtiers being of
co-channel interferi ngﬁanal og TV si qnal bef ore dat aééﬁl icing,is stil].

desirabl®, dewsppusfosjiktiiiood pEewehangei atterierangsT\Fuch SRathrence M H OO BRehY

aut hori zed the current Al N . e vark NeQAr

conbi nat i onméfee?r%flg C&@ﬁ‘gf}f:@z\ifgggf%dg%fg'?’??tgﬁ&%hgﬁ%g?%ué{l‘rﬁgz?tv}/ (S&n whet her
per for med i NkaMeel dANTSihiefferneOmdenhisaned ofdoroddeae oerage, A was2 E r~ ~~Y

2003 -6npdui ar srithnet~c, fhe term "nodul ar conbi nati on" ref. o linear
cont brrat t ~n peesvmedithgbie SLHEY) broadessien PFauldise ety OE‘HE‘EHCEF toﬁ?lﬁhﬁ%t&‘fsc, That

type of codi ner adi g rhaetsst @,@ég& ddar he@tdihgyenti al
delay and | :}ﬁfe;[aﬁfggé?lrbt%bn%ﬁg%gﬁ%égtsﬁ%&gﬂ ?[érent?grulﬁy el ailée}%j&gt er msl ’§9

exenpl i $¢ edkymb Hittes wotid!be ragplayed ansy mtsd gostender irahe BTV reCAIvVar thecei vers, is
defined as "synbol re-coding of,  f rst type" .in,thj ecification, TJhat
type of codi Aempletematebeddtissing Hithere é{‘leres'i}ﬁ‘i‘?&l“lbgw 8g$r\T§§r'%tﬁ§ﬁmﬁ{esmn%%UI ar
combi nati on g f; 1d; tn&boft RerdRddtabise ARk ddrifeRuereyenpl i tied by
t he synbol %%‘gﬁgﬁﬁggggﬁwgﬁ%rqﬁért rI.—I[_)TV trlansrri tters,, 1s defined as
"synmbol r e~epatiram leds likelyon datsy poondons denisjorsnsde syabalivalyes Fne YRS pr obl em of
co-channel interference from.anal | &%1.51.00,,5 ; tewed froth
the st andpoflﬁ‘i"%f)’f' “B%‘}sr?éesé{“fglw W%%ﬁ%ﬁ%é%?%ﬁﬁl@%?%oﬁg e rSlie}%etll{ver, to be
sol ved by adanbdiRedobibd %Ed,ﬁédo?&bgl?ymé Byrhb® posre@ley eouldSoed bagjsatdedt ine dynami ¢
ran~e of the’ systemchannel is not exceeded, so tg?t t he ,c,o-chanpel
i nt er f er enceachddT ¥ apdeivee Whibounthe biopdeaaienaing Iwys of HSFPRGUSM R co-

transm ssion ca LLfiy for DTV, no ! § he

syst em can ngggﬁggté@xgﬂgﬁ%‘eﬁ%gg Fﬁ%lgﬁhggﬂ g?%rﬂg?%fgﬁ){?ﬁée%ﬁﬂ%ﬁee&ﬁ tter
circuitry i Rrdadeast Bhy B frdakisAdRiplestifiats, seingad cagedabideakiagt,toatingtognal from
the co-channel interference caused by the anal Ogﬂ‘?fé,‘?\/i sion signals,
rel yi ng on titrdeprasnivtamoediatedraqeensy iigas@PEAtPL é?“ieB’ﬁ‘Sp%’g‘érP i es of
the anal,gg tel evision Si i o haQRreMn &l btdvidienhdlggas to
captur egphe I%J § %cngagﬁ5%%2%?6%%{‘?%%&5%@%&ofgfrg"as t ~ha co-chan%\el

i nt er f er enceeévision eeratdinp, bebwirgdd soms pthaawisid ceehtietned) it eaters the
system channel after the DTV transmitter and before the DTV receiver. The
use or non-use of synbol precriding at the 1~TV transmtter has no effect
on the co-channel interference fromanalog television sisals. At the DfV
receiver, so long as the co-channel interference is not so large as to
overload the receiver front-end and capture the system ehazuiel, it is
advant ageous to precede the data-slicing circuitry with a conb filter for
reduci ng the energy of higher-energy spectral conmponents of the co-channel

Y o v o . o o



30 assi;annent, so that his carrier fi-equency is optimally offspR May 2303
firequency fromthe video carrier of a co-channel NTSC anal og TV
signal,that is likely taoa interfere. This 2 8 MAY 2003 optimal offset in
carrier frequency is exactly 59.7 Mres the horizontal scan |line frequency
fH of the NTSC analog TV signal, The artifacts of the co-channel
interference in the denodul ated DTV signal will then include beats at ~9, ~~
times the horizontal scan |line frequency fH of the NTSC anal og TV signal,
Cener at ed by het efo8ypeediaseiad4hé idigl tdalanHidY\98Arg Wltsearda/iiRadvi deo
carrier of the, nal beats at ?87a5
times fH gef&y e@%ﬁ@gﬁd&@%@gﬁ %@%%@E %‘W&E’f‘h er and the
chrom nance sgbeansicRt SEENKNES  AasceBaN el TS Okechedle g AN RY dd¥c it gpal

whi ch beats are quite close in frEqurrt fo the rifth harmonic of the
beats at 59. mtqhudwssegmenwhemammaftwﬂ synantfaniZatien bades arechibgetethéadaa aeld10
appt oxi mat el s f H) ate heterod ne between the digital
HDTV car r% ¥%'ﬁﬁ?lgtﬁ 15’09 &'Eépﬁgﬂﬁ anﬁtbﬁg%lf TEHPRReY ?HT“&“F%WW‘%\%&? og Tu
signal) whi C*Prol%ﬁﬁh?oo@&@duﬂé;'hﬁe histh Fb%@“wl:cﬂ nbls€ AHE BE¥hdnBlel R faertdchdienoni € Of
the beau at 59.7 tines he neatly harnonic relationship of these beats
al | ows them avaluated. b‘@uesdmpﬁdéserdb l&yearequmgdr éuwrgibaelppnd@smgmdlscnnb filter

i ncor porati n onl nbol C di ff nt.i a el ay. .The use of
an NTSC-reje 'F%aﬁg% vﬁ%? atIr BRI EF g“r&’épc adit) ‘I§| Ci°RG tef‘ﬂ% 0P C¥ver
i nci dent al | y afpifact 06 fT$TSY db@harinet iadferencaf Iffthe mhhéwmb fileerii@dediyts iche synbol s

obt ai ned by dat a- S|ICI ng, The dataqillm ng JQgeratlon that fellows this
d

symbol r & coéﬁ’ﬁﬁb‘“@ﬁle e P%‘tm‘t ipgignalieyfheyrigngldy pieganed o by camanss %ibﬁ@“‘b%locess
that is not 2 3
re-codi ng of gﬁ %Cgt ¢ yp %9§"ﬁég§\a§¥{£ﬁ% cc toc‘?‘gﬁéé‘lnb&t?%r‘g %%@hg{é% %)é{ concer ned)

si nce the daN&S@U@Mhaﬂ&tlltmarféreml1se1apbydialsef0fetsgd1bbbddtfadhﬁ§ Ifhee Ayibol
| evel s. The quantl zation discrimnates, a alcpst t he co-channel interfering

anal og TV si @%’P fitgaRgdqes nphiseult @ pRPRFCiaPiEgsducen qiqt@l‘qdrf@‘ﬁs%épéﬁéﬁ with
synbol re-co e@ﬂn tofHe\@n&Mﬁ?o}ﬁ%rm%g %ﬁg@gga LY astBidue t han st eps

bet ween synb code | owever . speci es of the capture
phenonenph |pre4mhslghrrgilmmmmmmﬁmringrtoﬂwesiagifactts gbINB§Cap- chhnebxpense of a
weaker one ip a_quant rocess ns.of ar the transm f data is
concer ned, tH’éer&’?iﬁCFa:rﬁ WBF’bsdlfeé‘B%“T YVSWE dﬂhiﬁ?’ffﬂﬁ‘ﬂytdﬁ yTCﬁTym %ngth of
the system chafnels nn%@ﬁco'?xm is b&o6R1™L TS 3 38GPRslirkcydase inToBRR] nake sy mbol
precodi ng at the DTV transmtter) the additive 30 conbination of the
differentially del ayed data synbol streams is done on a nodul ar basis that
does not boost trEhsmrt@eATﬁ&léTV@mﬁﬁéldewsl‘é’la\&'éma@?éhifﬁﬁ%ﬁ*@?ﬁﬂ)‘@lusﬁl st ance

to 2_ rﬁs;'@% Pﬁe rpgnﬁ;ggqp%ﬁég@ of &b- a%n&qmeﬂgnﬁﬁm&gr@@ﬁhgqs v

si gnal . ani sm Or 'oVEr cori ng danmi g ‘anal og TV

signal ispi t?re&hﬁ%%'c@ﬂxeﬁ&mﬁm\thétraﬁ YecdGizadroceas aﬁéﬂm decd-sﬁglmghe Conb
filtering art the DTV receiver, causjing. the remant anal | gn m t he

conb filter Pesphwesasiqsianed w@w@%@é’acqsiw& U3 RFRRTIUES %VQIC&‘P%E&"&
dat a- sheer t Q%%m}xmg%l@g@r ¥r bk o gﬁmt’ ReadrREPeteltdahGhittkr - ow@\fe@% :.‘szannel

perform ng sy ng pr 8s of first and second types has na
appreci abl e ghdrftting@nalep JVadigdal andesiratdy onrotiheeseghrstibe tbqé&t&ﬁimhannel under
such circunstances, since neither ﬁq(}g(i?nn@xfschene d

{
transm ssi onPRsEAES. Mhiqh Rlages poze by Fgﬁ'ﬁf°rﬁ°ﬁ§§’b$§%am§fpg%céfhﬁr5f 'm ng

synmbol 1 &5 CO{L g decoding and Reed-Soloman decoding. These errors will reduce the broadcast
coverage area, which may lose revenue for the commercial DTV broadcaster. So,
providing for the suppression of co-channe! interfering analog TV signal before
data-slicing is still desirable, despite symbol precoding at the DTV transmitter not

being authorized by the current ATSC DTV standard.

30 The term "linear combination” refers generically 1o addition and to

subtraction, whether performed in accordance with a conventional arithmetc or 2



10 procedures of first and second types has no appreciable affect, on the

capability of the digital receiver to suppress co-channel interfdrd dtiY 2003

anal og TV signal, as |long as synbol re-coding of the second type is not

i nt erposed between synbol re-coding of the first type and the subsequent

data-slicing. These insights provide the general foundation on which the

i nventor based 15 apparatus described ipp U. S. patent application serial

No. 0$J339,691 filed. 1 ~ April | 997 and entitled "D A TAL, TELEVI SI ON

RECEI VER ' W T‘ﬁ”?&‘tﬂﬂ#ﬂ’é‘éeﬁ' Lfr*EFée‘@P %EPJ#"%?(\FW%\QPWESSMI@W@@@W@MNNEL

| NTERFERENCE cbh€ecashafin i GGl L i f nbal decodi ng a

stream of ?N-|evel sy'nbgflsgdschérg%ﬁei\gﬁgé {’ISMB‘[é‘{eﬁfg’lhé‘gﬁ&rgéﬁ%f °§§°&Pﬁi‘?aéct s of

co- channel i neepfesrd tigitaisambgl st@amaheugis differaitignadlay MdIgieaDe AnRsidii ore

integer. In 'I;pll §if9ed9 i Qv%lfi |ter circuitry NTSC ca-channel interference is
t UTSTHRREY APIRLY iR pEsmrlified bxrhosebad maieesing weediid er ence has

detected and i
sufficient englogurtlDTWLEQUEE iLUNGRES BE4 rears | he .dat.aslicing

pr ocedur e usgg to perform synbol decogfr?gmgiglr%c{ i/nsgoor{qirg[e& adeBihd si gnal
recovered by B§ateAtigRodoRytypree faodingghtive c Ms-aANL IR 's B IG@hm thrbughgs NTSC ~5
co- channel i feren .S determned not.to have suffjcient energy to
cause uncorrg%:cfcgltlﬁ 5(83%}%‘3%@,‘ wf‘h@"@é’é‘ﬁ'ﬁé‘ﬂﬂ"%‘:ﬁ‘@ﬁ%ﬂd“% cQphigaliony gxesarlifladstng a
first data sithd emtiod peROGHALRASYH FREI-a/8 SEOOV E}gnsfnﬂ?iffgﬂsFﬁ-dehReJJ}e's '}q?oq
co-channel interference is determ ned to have sufficient energg/ 0 cause
uncor r ect abl &¢-6p4iag 85 sacprd Waeclbabid seicifirations filtered by a first conb
filter, to reduce the energy of the co-channel interference before being 30

syl Cag e U S A o LA P i g e

incidentally carries'out a's re-coding p

i ntroduces envrowrdifrunputehendyathodf beings JWétiAR03mntng S86REH Rahd Rl isSto

gener ated by the[ ?s]fconéj dat g-sl i,ver, This synbol re-coding procedure of

first type cBf F9WKEF BYRdaply QR BeTHicHIRy|in herrgedsyer: Se leneasibe stangepfi s

mewed as a prRGo ' f A ' filtering for
GGG HRARE E@xde?@ec& & 1r@ink 06 ALBRE ]dee r?‘éég?ﬂf BIEthe | o

5upgressma NTSC eo- channel” ‘Interferénce 1 s concerned.

carries out syssymrblpinneicbyodediroygngsiges drangmistios espubdlity YoreD BV w@ydutabien. the

dat a- sl i g:j ng by the- sefc nd data-slicer jnplenenting a_ postcoding procedure
to conpersat ESFYMARFRO s@m@m eancsdiisiednssouaermesigen of sigraly pisbleandigener at e
synbol decodi : S rhal . - [ C ) iLst, typo

re- codes an Fgguc{xﬁgg#b%Ithes{a‘r?eég%qg?aaf f??ﬁ‘g%"ﬁ?#g&e‘ﬁ@ %?l’gé}l ﬂé(%/ng glr?d first

| i near conbi eathanelohtetfieench éduerdeyt thakhalo glelevwsich $ighhl4, eslpig bnrtee synbol
re-cedi ng procedure of éeconddtﬁﬁ e re-codes partially-filtered synbol

decodi ng r esBPPRUTEER SO RIPIARd AHt-copelation propsrties P e anafpg telayysionnFisnads codi n'
proceduce of ;;S5eGRRANdIY Bfrait Sk ¢ Bhrld Ay S EHaRRY) Lt he
partially-filtered sanof%ecéﬁ?ﬁﬁeg%t SIIEWi t sgr evﬁgﬁé @3“ ol decodi ng
results fed back with delay simlar to the differential delay introduced
into the2d nput syhpeler &% the aerchammeldntesfersarrifrpmmnalogiteleision sigbalnigt i on i s

performed in C " nodul oz J tic t enerate oded

Cymbol " decodi s PRl fler ek el Rl 80 BV sty RS P BieSuBYy

resul ts are mugivel ITed usy orf Qs BT §icbel Yrdeoting @€ IOV Fr@fithitsr Kl ngonformto

i deal synbol decoding results drawn tiom rrermr% in the DTIJ receiver durinb
il

tinmes data féEcHoRhsCRrSamehintaferenee Hiorpanalng leuisinatsignalsg tithe DTV

conbi nati ons o LS IoR R} B8 ceAgR brerkerte R nde 88 irbd SLoWEISRIRET, | 0"
concer ns.')Sdetteca‘ri/etiﬁ'qxptmmdd%pnﬁfé malsyssimriobinmk doid iadepntagsoibstts peecedemhee | i kel'y
to be correct based an estimtes | ected fromthe postgcqoded synbol

decodi ng r estfitt ¥ U SN W érw??g%‘eff"lrf H’é"&’%e’?ﬁ@pﬁ’ég KFAEE%0- channel

23 interfer ' _5}%{,' ' j.m,synbol
decoding r e?@’leftgalgg%l igéleg 3}1%)% a-s %‘ggel?ﬁéee?%ES%E%BEJ;?%E%P}SC%%Mt hout

its havi ng bbemgcetaslicingt dihedT\6 bmagastes shaliiSljon-hishantee|frequéney f whiehce.
This determ.nation.is Ag C ar i each postcoded synbql decodi ng
result to a ‘88?’?’8?%2’&% zi“ﬁ%‘@r‘ﬁ%&ﬁgg’ln GE6 'yn‘bfc"g‘é? "t“)‘(?’haﬁﬂ’bﬁou_t each
dat a sequeNtassigHRSARES hatl hifl eRAEL fdRely ig ﬁgglzlnﬂgyz bgededreyrhg) reqerdi ng

result fromthe corresponding interimsy ) coding result I's presumed to
arse owi ng t\odearampredarechyineNFIECanalog dM sensl thdies edetraintirfere. This




~r~"1,11Y 2D03 -10 synbol code) so postcoded synbol decoding r ed 81 MAY 22003
selected in preference to interimdecoding results for inclusion in final
synbol decoding results) unless other information indicates such selection
woul d probably be erroneous. SUVWWARY OF THE I NVENTION 5 A digital

tel evision signal receive; includes digital television signal detection
apparatus for supplying a streamof ZN:-Ievel synbols each having a synbol
epoch of a specified length in time, N Dbei ng7_a positive integer, which
stream of 2i RN} SLIselinseriar frequenecis sxachly 9t/ tiedsiike bazonehsvaadinby
artifacts of - j fernl Er-,,ain- ] e i.Si signal. / The synbols
are grouped ?%@88%3{12@%%% I\(}ggggﬁ%bgegrrég’r{aggi\/ﬂ\g‘ec%{ﬁ{aﬁgrQSré}beecgfﬁq\%“%eaders of
dat a segnentingyfecinc o thatiénoddneeD Tandgiah ekl eea itagiFRRAS a85B7YliRYPed | Nto

successive data fields with the initija] gata segnent of each data field
cont ai ni ng ah‘HEPH‘af ?C_QP&D%%‘H%‘PFE%M%‘P%T Gd@?lc’ﬁﬁ?\'cﬁg%a‘?ﬁg@éleﬁrbdm data field
to data fy el herdiimetetlideind RLRYHAY PP cRLRPInd G S LarkiBEOMALS0 Ehduitl LTy TOT

provi ding a nunb M of uni qu responses to the streamo

2N-1 evel synipwrfering andlogsaVdighal: anthbeptseat 8™ S tides &y, geesped 5e hbreiodgnd ess
susceptible to bei acc ied by artifacts - of co-channel interfering
anal og tel evt?egf“‘beﬁ‘ ‘B?&ﬁ&ﬂoﬁﬁgg)%ﬁgréf‘ g P “?i*{l‘-cFé‘éké‘P‘_T&ey%ﬁ‘Fj§9'c “&cha! ity
of synbol degReeriag %{a%_gW'si’g‘ﬁfé‘@\Jh&htﬁéﬁ’ts%ﬁu‘i@'cl&s_@hﬁfféc@'ef? z%'tﬂé‘ﬂ#threce' ver
for generating respective estinmated synbol decoding resul'ts. A first of

t hi s pl ur al i kaymotic o thsdieatd et BRIEY Emgefie Tk agifhtts vill Sxthenmtvde bsatbatl decodi ng
results directly.res e, 2010 the reamof 2N-|evel synb ach

ot her ofl(at heaproé:? %FB’;’Q §f7\g§ 51*’ ggggraggtbégxﬁ@o&y 8%[’\‘%“85?)%@5 F}lltag@—rn\gt ed
synbol decodiaftier 88 tHelandivtan{sn 8 the cb@hanneEmpefetiny enOET ¥fsigral wihiemi que conb
filter responses, which respective estimted synbol decodi_ngrresults are
post coded t PRI Quite C@SF%BWF%N%Q gxdicharmenie pf thy bewss at 07X waprelst i ve one

of said M uniqu 0 filter .respo S ' '

st mted syidees uptn fhop BRI AIFGe g AR R INEN hABIs L SOBERH S

synbol decodgigle prapedd} 8dsinied Yordh finyiRedrpeat g eily aifae kudss epbcsadst a second

synbol decoder for generating second esti nated sg_nbol decoding, resylts. In
§

accor daride wiifferentind delayedbe ye aflan NESG-resgetipe cemp Silterbedorg dale-slisagily ke
i ncl udes ci rcei try.for [ r L, [UF A=Y ol A VAN
departure b é‘r’\éélsvaefHm?dl%?tgﬁ;gér}goasqgggﬁg&e@tcio?r%fgghg 81 trodg((g:% itng results
30 and i ncl ugempolRastansitdydatasikiigection circuitry far sel ecting best
estimates fromthe respective estinmated synbol decoding results to generate
final synbol decqdin r. .. o .. f~?2 ~ 1 203 -11lresul.:s . mes. bet ween
those times mhengﬂl‘?réﬁﬂﬁ}“ﬁaﬁpﬁﬁﬁ%gﬁégllBgé_Lt}?‘,s s’f’@?ére’s'g‘?cjé%% P%thrs{o#p? ﬁ‘e best
estimates byul BEVORSLiv&SE b AR ﬁ?lg.’%*#ﬁﬁ?‘qg h&ttebtryttide pEmdsyabolshe current

0

departure fromthe first estinmated sy ecoding results of each other
estimat @ syrebdtingifzcrodhaymbos ta-coding of fostdy ravinsefanythe SRRRESIOMYHE §n M i s
two, the pl ucrog!:cingé/d. gifnccs %g%g!a q(\jxgx(z:t?zgteséﬁs levels are designed to match the symbol levels.
The quantization discriminates against the co-channel interfering analog TV signal
remnants that remain after the filtering associated with symbol re-coding of first type
and that are appreciably smaller than steps between symbol code levels, however.
25  This is a species of the capture phenomenon in which phenomenon a stronger signal

gains at the expense of a weaker one in a quantizing process.

Insofar as the transmission of data is concerned, the digital data symbol stream
flows through the full length of the system channel, When symbo! re-coding of
second Type is done as symbol precoding at the DTV transmitter, the addiuve

30 oombinatic‘n of the differentially delayed data symbol streams is done on 2 modular

basis that does not bagst lransimitter power or increase average intersymbol distance to



i ncl udi ng besides said first synbol decoder only a second synbol decoder

kor generating second estimated synbol decoding results. The 28 MAY 2003
best-estinate-selection circuitry takes the followng formin this

enbodi nent of the invention. A nulti.plexer a connected to provide the
capability of selecting between the first and second 1 Q estimted synbol
decoding results for generating final synbol decodin' results at tines

bet ween t hose tinmes when synchronizatt®n cpd4s occur. There is a squarer

for the depahélpfethebat sveedoniiig)arictinh afdlbdTYEORA BSkAdBLLGRyEpol decodi ng
results, fur devel oping squaring results as an absol ut'e asure of those
departures @ﬁﬁlﬂawﬁb&ﬁoa%wa@énamrngg@n@sai\f signal heitmasnuaticerage vof  sai d

squaring res t nean, aver age of
the squari ngg:rgzs’l ﬁt%é agxceeg ge %S‘téésag&%@cf?t T"esi Eé%cﬁweél g e

condi ti oni ngrerhnnmﬂatagp]]\emgnalfuafhe&ehﬁcﬁlieﬂ@spdﬂﬁe sebONPpasiddatRg symbol
decoding results to enera e the final synbol decoding results at tines
bet ween thos& & [IHRE ¢ Fﬂaté?h‘%?ﬁl‘i&hf@‘aﬁ‘#éﬁl)’c@ﬂ@éfs Besambd Higs ot her wi se
conditions the nultiplexer for selecting the first estimted synbol

decoding results 10 S8RAU3LoAE hnkdiRakodTbRLeAERINNG 118 3bhE ks L] oS

bet ween those ti nes when nchr ohi’zati on codes occur. TI ON OF
THE DRAW NGh&InGaperetiaple aﬁettil@Gk@mbhmﬂswndh@ggiamecffstamd:hgmeahnctceI evi si on

signal receiyver us an NISC-rej ecti.o0 ter.before s rrbol decodi ng
and a post co%’i%h@‘r%d'?rsgmfgs fﬁ"?rteé\”ﬁiéefr cg?lngﬁ%&e J&é‘ﬁ@ SRS TS 8 cor dance
with the i nvapibipg, foﬂﬁic@Fm@ol%e@tﬁaﬂ'ﬂ@brdeflbﬁfeﬁ'ﬁ)hﬁﬁ@%yﬂ@bﬁ‘étc@ﬂmbhat conpar es
t he synbol decoding results obtained wthout taki n{g neasures to suEpress

NTSC co- %anmewdpmsaf fiest em;@ecmct msws@p aprrsviabl gifte oulthescappeititmia

t aki ng neasu r i a

bl ock schenma ?Zalé%gé)rég% Ssﬁg\fn CPS &Ja e?lngnaﬂkﬁéé%ggzgag aéﬁéirfh I y%blf

i nterferenceredglipglod Ithefs@dioridwpd 8 nbhﬂteﬁ:lo@:diﬁt%di gynital rd-edding oithafist gnal 2
8 ~~AY 2003 -12 receiver, which NTSC eo-channel irterferenee de;eetar is
accor dance V\WPhWhaé‘#éE‘iueB?d%‘ﬁ&“q”ifﬂ/ent| on provi dzs one type of
best-estimate-sel ection circuitry for selecting best estimates from vari ous

synbol decodi ng rﬁ&gémﬁglﬁh{s% GRALHR S EndrdlITBncaH PO vilRAQEE AUeBRbES at L es

bet ween those ti mes <at1 on codes occur. tRE 3 is a
bl ack sclrjerr&tppmadlsaigsmhm&how Qipattat giplisativph serigdve: |08/r$381691 ﬁtedFIIDC&JRXE 1

el oys & 198 ',%Epnwga ADIGHAL {REE YISO RE R ER R R e PRI L

details of a% PbRtsh?PﬁﬁSmoL\msgIc.tcat:HAal«*eELqumRsEMNCEeqmever
when the NTS I‘E]ECIOI’I comb filter saosnbol rlel%obFlGURES

is a block sacdapmmtﬁlmdlra\mmmosi’YGmfomgm@l#F aareameﬂ-eww' 8 | GURE 1
digital televisia nal rece filter

enpl oys a 2- W'&FBHQIF A e’ﬂ%ﬁ%ﬁ?mpﬁ%%ﬁgg%&?@% %’ITCESC eﬂ g“%ggr am showi ng
det ai | s gp; @1epg{otnll\srq|g),agfr~: beify 4 positiveGhickerl Inltigs acapuvaeﬁwlmmrrys‘iml

recei ver when the

-rejection conb, filter enploys a 26 i-deo- | uxe
del ay. 17| Cree-cimgnet stfﬁmﬂedéﬂe’%%ﬁﬁ fres éﬁt'ﬁmé’?ﬁ ‘H%W‘?‘iéh‘ﬂétécl s of a
portion of the ' Y R ak \Exﬁ:%%bé’t%l %‘&@ AL
NTSC-rej ecti oh° hcm%%ﬁeﬁl[?' ecr% %ﬂ %ﬁgﬁtaéng{gg ?gié%yaf rearre del al{ 1rtl GljRE 8 is

a bl ack schegei-sieisk mtﬁmﬁmdﬂmrﬁmﬁawmokﬂecadlp@ direcsly cofthe hgeband
signal recovered by synchronously detecting the VSB-AM DTV signal. If the NTSC

25  co-channe! interference is determined not to have sufficient energy to cause
uncorrects;ble errors, the baseband signal is symbol decoded using a first data slicer to
generate symbol decoding results. If the NTSC co-channel interference is deterrmined
to have sufficient energy to cause uncorvectable errors, the baseband signal is filtered
by a first comb filter, to reduce the energy of the co-channel interference before being

30 symbol dec‘oded using a second data slicer. The first comb filter incidentally carnes

out a symbol re-coding procedure of first type that introduces error into the symbol



FIGURE 1 digital television signal receiver for generating presc?iSbéy 2003
synbol decoding results during data synchronization intervals. FIGURE 9 is
a bl ock schematic diagram showing a digital television signal receiver
using a plurality of NfSCrejection conb f hers for performng parallel 35
synbol decoding. FICG URE 14 is an assenbly di agram show r.~ how FI GURES | OA
and ! OB can be fitted together io formga single figure referred to as
FIGURE 10 in fd:e detailed 2 8 MAY 7 _003 -13description that follows,

whi ch FI GURElacoling saslteigangratest of the perbod desdlicyeToistsymbokiercodigr y chat can
be used in a digital.television signal cewer of the type shown in FI GURE
9. FIQU ~ 1 %5&“%5’%“ A NE =TT %e 8(%%5%;*%%% g serrdidr@-sgfeTds rcuitry in

the FI GURE Oviehived i pre@ddend sroidusd 1983hr 45 Q6ChdbBlivd Qler@RNEF &lbbRgs:Rg escr i bed
synbol decodi ng resuFI)ts gﬁgrpi%ng data synchroni gati OIEI rigjgt erv?Fs.mf:I GURE 10H

is a bl ock sthe@apichanfichygteaferaniow asgcadeadaiA second comb dilter sariies aune FI GURE 9

digital teleylsi i,5nal cei ver incl udi-ng,.in accordance with a further
aspect of’ th%lml% \Y/){elr'l |d§% perlo‘gegﬂ%hogfeﬁoyggypgfaﬁﬁgg‘te-dgg‘fbl%ﬁ‘é‘ﬁ Y09 609N circuitry
for 5clecti ndutaléiche smpRaiehimd ©postdodMgvaddedus 16 Yompénsae tadhogymigsiul ts, to
benerate final synbol decoding results at tines beriveen those tinmes when
synchr oni zat*GAIEE BERcedE Q ?“S%E‘PAFE@EFWHE‘SW‘{@’FWP%NMH ous points in
the circuits shown in the FIGQTfLES of the drawing, 1 ~ shinzm n5 del ays,

have to be insertggd syﬁbaré%dﬁgﬁoaeb@e%ﬁwwretoﬁa%g«#u@%mqeemct,_as

wi Il be understood by those skil'led in electronic desi nless there is
somet hi ng outt tiwbughditievediialtdelay sab bt liaegsaprmbinatian ofthe diffanentiddy dglayed

requirenment, it will _ not, be explicitl eferred to in th if .cation
that f ol Yows® \éfh_engollte-§ﬂ§w§ Pé"‘"-&%“t{??éf“f’éﬁ‘ §9F§7'8?£§P8ﬁ_aﬁ)g%§8’§fjver used
for recoveriggmp20dRbaiag réQhs ResALediR Me sd¥dhE Badalidera TaisSY bal Rl@dfrar
recording by a digital "video cassette recorder or for M"EG 2 decodi ng and

di splay i n gprotedumswf steond Hepe uiitizes sErandiimear Mpingtign af thegerisgriiliessdshown as

recei ving tel eyi sion_ broadcast, si.gnal . I, Vil t but can
receive the sé’f'éﬂg‘f'%"?‘%ﬁ?sﬁﬁ%%" gw%éotu\?\gpﬁg@nrgs?? %%%WIE@%F% ‘gl?*gge]% oadcast
sigials are $pglth gt differenidl de 8l GNAIdutad inforthe inpend/mtel epdang which sk@ond25 The

"front end" electronics 10 generally include a radio-f r?e:guen(;y anplifier
and firsits deingetembirntion rpesformpdinasaprdenceatiiohmpdelar’Nghgatisiognal s to

i nternedi ate-freguency, tel eyisiQon.si : 4 IRBMA ShRal to an
i nt er medi at egef’?ré'%lfé)ﬁf%/{de(j Isﬁ%gfr%%??‘?é?&%%i%‘%{gf o‘f"q%g‘?ﬁs{g}i &zﬁc-%:"g%band DTV
si gnal s. Thejebdding Re€ltyes curfilad & éoraink yheofymbol decoding results to conform to

ideal symbol decoding results drawn from memory in the DTV receiver during times

data field synchronization information and data segment synchronization information

20  occur. One of the first and second linear combinations is subtractive, and the other i3

additive.

The invention concemns determining when the final symbol decoding results
are more likely to be correct based on estimates selected from the postcoded symbol
decoding results obtained after comb filtering to suppress NTSC co-channel

interference, rather than on estimates selected from the interim symbol decoding

38
L

results obt;a.ined by data-slicing the baseband symbol code without 1ts having been
comb filtered 1o suppress NTSC co-channel interference. This determination is made
by comparing each postcoded symbol decoding result to a corresponding intenm
symbol decoding result throughout each data segment, Substantial departure of a

30  postcoded ;ymbol decoding result from the corresponding interim symbol decoding

result is presumed to arise owing to the presence of NTSC artifacts in the baseband
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z s ~ ~laY Zoo3 -14plural -conversion type with the Ifi anipiiiier chain 1?7
rncludtng an I F anplif er for anplifying DTV signhals as converted to an
ul tra-high-frequency band by the first detector, a second detector for
convertrnd the anplified DTV signals to a very-hijhfrequency band, and a
further IF anplifier for anplifying DTV signals as converted to the VHF
band. If denmpdul ation to baseband is paoformed in the digital regine) the
| F anplifier ch p will further include a third detector for converting
the anplified? %‘?fén%ﬂ Rostegded mval depoginguesults erfselequdie yreigatteeh 0ser to
baseband. Pr ve fllter is used in the
| F anplifier q%%?%?é%oﬁ F%% S t”%(ﬁ%hb lk?‘_nwa Héq%?‘gf\goégﬁ THH! ﬁse@éﬁﬁ%‘leand

rej ect adj acenfonmhtacpmmﬂsatcilmca s&l@ct%\Mduli{ b%a@lytbg e@bfed@pi dly just beyond
.38 Mz renove fromthe suppressed carrier frequency of the V513 DIV

5| bnal and the pilot carrier ke fre uency and of f<, ced
anplitude. This SAWfilter acéﬂfehﬁﬁ& yogé-l'@:{\évﬁﬂg Bf thz

frequency- nodul ated sound carrier of any co-channel interfering analog Tv
Si gnal Redovi ng t edighthiselandiot arshhlatcedfer YU 4R e . at nal oa
TV signal inthe | ~ IF anplifier chain 12 prevé’nt!sqtréglrv%slkcpjt !Jt;’{d : tg@ﬁ%
carrier bei ngPREME? Q%'éHP%@E atsh'éaﬂ? pHEY- lqv-er)sn@iatach:haqhegaGymﬁolt@obleepver

baseband t f
dat a- ol ci 1o oP peaenBAREHAR N HER pBHELE Picebe M ~Rebudiallevane

prevention obysbak 1.'eaus¢efpablue$o bﬂhgud‘cempﬁhﬁe&\bi bred@kfo ilol Halk| Kiedr}OSe
baseband synbol S d %qu"agj,r dec ng is berter than can be acc6nplished
by relying off® 2B E? ¥ r%e afa‘vae%qnmurqgebsrvhdams:@hcmswmut put
si gnal s {g omedsh@rivE hedeld driggfa &

denodul at or Sb&nwhl ch dsermdgalsa erﬁ]S g%?ta?w%d gna&ﬁ‘ %5% ggmeﬁ(ts are

anpl i t ude- rmewland oo sm'bésswgdah fiekds sk the myt&u dintsegmi@diodtfehfdaof@acy band
to recover a, real bas i magi nary baseband si gnal .

Denodul at i on®HH W&n‘g‘i W%EEDH@E%‘?”Q‘?OQ&I whigh chasigas frem déﬁaﬁ%@“t@lail gital
conver si on Ofejd. fph@@ [ w e cle
range as des§$l| bed f i)grlﬂag{e?ggrrgﬂ S?ﬂgﬁhf%&%q%g %Q%ﬂ‘? ut'tr&tfort V’ %@ 'B'g?q%% | Yo.
S, a79, ~9 i ssivkof wéBsvmbtdrer iLeQBoracﬂoehrﬁ sttebmch{ 2DI-(SvdlAly méSH, EhELGIOR W TH
PHASE T ER 4S5 thﬁﬁNCLUS | N Al 'V HDTY R% VER' Alter ngtl vely

demodul ab? on"HAY FEGERE TFRORFTPeRgAFss GUSSBPHRIG FHRring pcampRIes: %é’"“tfﬁés results
are usual ly stpjaehed nh&‘féﬁﬁ'a‘ﬁﬂoéikiéi‘lﬁbﬂ ﬁlgnﬂ@)%ﬁ%ﬂt%n{ beir@-%vgl %@m st ur t her

processi ng. The conpl ex denodul afi on |sﬁfre erab z done by 2003
- 15i n- phase (\ijurélytbf@rﬂﬁmwéiewfrﬁdm aeluded wribe digital ateuisionpgmerse@yer for

synchr onous | t he. f oregoi den;

odul ati on pr%cgﬁggégsggﬁn\yggm% g&% %ﬁ%aé\i/e%g) %"fs Lté \Agbr)s/t ?ﬁ% p‘g léf?‘l(‘.?fde5cr ~be
~~f -1 evel syﬁmﬂowédmaérsegemﬂes msmstxﬁlateﬂ s9hiabal decbding Rsls d@ééﬂ:ﬁes%bﬂme' n the
case where the FIGJ EL~ D, V5 signal receive: receives a throu the-arr

br oadcast? vita thq #tteaa!rﬂté%&vmmhalﬁ aady gtherenf thmplmé%@fwmmémodwe FI GURE |

DTV si gnal %9ﬁ o r invention is with
the recepti o%ggﬂ?‘ ter"{P f’le i’mzﬁﬂm SP?%-A;QZ} %9%?tga XES[ and BEr Y URE 1 does
not shave t hef thoM wons cminbt*’d&rB'Eb(axmm:wwmrcmeouvmsﬂmaseﬁr@ﬁibodmedingg and
error-correcti n decodi E&for r%el ved cabl er‘gé frans ssi ons. 10 Synbol
synchr oni zer"® &\ 2ERAIPIE O SPMplete & PSPEEHY e Ralches filenngdes therpspestivgiqe zed
real sanple BARS npl ex
denodul at or %@%;dtbflﬁmlﬂee&ﬁﬁ%ltéﬂ rfg%'?'vggg?e&cnel ver Qﬂé}g r(é;%prg@ﬁ{eté;s{lﬁg%a ngﬁﬂ

al so reddi wdtgochh@r&ﬂulm arg nbtdlnledragcmtmyaldfnglsembol‘ detr:harquhathaalhy oé- phase

h 1) b digital filt
Wt h ad) ust SPESLEBACE Agredss eigtsty oAt DRt deien BResErE it o and
tilt in the dse@meled 8Pmb6IHRBdding ROUIGY T4 a&%aﬁwwhh@wlaeém@admeagﬁ&u zer

circuitry Z6 provides symbol synchronization or "de-rotation" as well as
azupl i tude delgabicraisnahreesiver dgtrdides pisqurnafor doepiens wheiberrasmordereand equal i zer

circuitry i i ore I|tude
cqual i zat i o b P S Vil b AP Peded AR o ABF ke Rk 65T

the denggul aindincledés bestlestirinpsyleaior cirampry dor BRTAL ba OdtiniRSfPdlE €heCONt al n| ng
real and i maginary baseband signals to the synbol synchronizer and

equal i zer ciTFPEFiResARatedsyah °‘§§?ﬂ5‘8} IEHHEHP 6FFP°Z§F iﬁ@!ﬁl symbel daredi®gnpl ed dat a
are decimted to extract baseband I-channel signal at normal synbol rate,

to reduce sanple rate through the di?ital filtering used for anplitude
equal i zati on and ghost renoval. ?5 Synbol synchroni zer and equali zer
circuitry in mhich anplitude equalization precedes synbol synchronization,
“de-rotation" or "phase tracking” is also known to those skilled in the art
of digital Slgnal recelver de5|gn Each sanple df t he C|rCU|try 1 6 out put
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~a ~~l,~Y 2003 -16~~f gain control, preferred because the speed of MaY 2003
response of such pair: control i's exceptronally rapid, regulates the direct
conponent of the real baseband signal supplird froth the conpl ex
denodul ator 14 to a normalized level of + 1 75 This nmethod of gain control
is generally aescnbed rn U S patent No. S,-179,449 and rs 5 nore
specifically described by CB. fate! etijmlri in U S patent No. 5g7;, 454
i ssued 3 lur 99 d " AUTOVAT| C GAl Rr ~1 ~TO RECEI VER
FOR |t ~GEI VI %vtﬁ,r %I &le"‘?k “ﬁ?&ﬁp"fﬁ‘“ﬁﬁr’ ?YBEmPEEEWs?m s¢c\n«:~| Bye ®lectiamd
i ncor por at edoftRE €t9) eRMndteS B BB GEs-edtRate-sLik ALY circuitry 16
is supplied as input si gna[ij)’r cc~ data asyr°1c (FL{ “d%‘{cg@? I8 rogﬂﬁ??‘ﬁp T ) whi ch
recovers dat %Fpﬁmeqecfr@g/ HigHirotrastmated nym bd | cleomting resdits cﬁ‘rtdckd@th@r Sagarat
synchroni zat fation S fromthe equalized baseband i-channzl
5| gnal . Al te%y%gbtollgeﬁoen %‘usu nput signal to data sync detection circuitry

,$ can be obtained prior to equalization. Tree equalized |I-channel signal
sarrpl es dt nor nallnsywbslbodiateat Suppirivedimavis m&lt'tta%lhraﬁl By b PR bl
circuitry 16 a!% %?Iled s t he |n8ut signal to an NISC-rejection conb
filter?0. THECHAB CFiifgssaidfyss simbg ‘é¢§°‘é€ff°|ﬂlr“s% ngémﬁglyrwhde@:d?t ot to gener ate
a parr of didhetnd i@bhyed: .5 | evel
first |inear econb{géner h-e %a%es?mﬁte)g E'Em ILL}I?I’I hg bt ﬁtﬁ%¥g£ﬁiﬁ"ﬁpl y
del ayed syr rvub@lltl')’smkﬁéamtOilomﬁemitahtsfmhmdhﬁedtIoF trﬁﬁnve(vlub@SRQﬂuﬂﬁﬁ»le@é
descri bed |n 20. t he fust del ay devic 01 can
provide a déf %mgatﬁgﬁ) r8vkdgg‘“p°ég$°éﬁty&? s¢lRtingchepuern ths st ‘;Wfrﬂs@m@ and t.~te
first |ipearsganbal BehbolUecoddreROsdosstabag ¢ &bl he conb
filter 24 output signal is rlgé;rol vedot%&t eanﬁ%';iﬁml SEQI%E“?&%R’IHG result n effect,
a digital délé’@ﬁlbptvi’f@n thgfse timeawhk gy rsimohizhtiex tidak béorg Dhere of a(q‘&hh:ﬂ.t&; =15

| evel s. Tre 5 qwhronl er and alizer circuitry 16 i s presuned be
desi gned 2a" to rrcggg T‘fb‘hﬁ gt apd Bﬁcagéjﬁ%‘l%wﬂt@f d?@é‘ﬁ“rﬂ%‘ﬂtssﬁ)gnal (as
expressed |@e@lﬂixﬁ@kq&ﬁﬂ?l‘eﬁﬁl}gasVé{ﬂ'a‘BE'bhgtEE&%Rur@ L HhoSORRANGAL S aflor el i zed

| evel of +1.2~ and appears in the real baseban st gnal” supplie “Om t he
conpl ex denBYRIREst c§<’|dr anirabW thg megn detregstdfoaidakuadie psulot Achrashe.

. ~. eeor e.of the C|rc ifry 1.6 output si naI a Iled as
conb fi ??grﬁ%)& npu SI gn%‘F mMegtt BYRaSs Y é%?%u§1%§§¥l AR api?‘“F bef art 30
anal og symbetrestshi vaile Ibgccﬁmmcﬁfnattl‘!@mfuﬁiéﬂﬁé&wsE‘l@Etﬁ&'t%?{i |1 ted [+ "
-3) -1, T1, +3, ~ ~ SAY 2003 -nt~ and +7. Thtse sy evels are

denoni nat zds¥Bbol daerding wets 1 gensrate thedinal syrafe dectoédigbywin aptntes evel

oo, a1+ Paoebf R e Sudl G lon GRRET: il el eodiophe. cond

tiller 30 owtepmiltisiegardbs sehctmgnhefﬁfritet;umﬁedibﬁh&cﬂ'deé:dﬂ@gsﬁléulﬁttb ggnc?eftc an anal og
synbol '3(hl t¥1~téj gsyo O_LOf t he foll ow ng noanali zed | evels - -10,

-$, -6, MPdmﬁTﬁsulfia@mﬁslef}\ sefrihessdimep: Mlenw@téleorsmm
le.~~els argodq%gmr.nat ed as "even" synbol levels and are detected by an
even-| evel data-sliver 2-1 to generate precoded synbol decoding results
of 001, 010, O |, 100, 101) 110) I 21, 000, gal, 010, 011, 100) 101, |
10, and 111, respectivel BRIED DR RIATEON IR EHE DRAWANGZ~ can be of the
so-cal |l ed "hard decision type, as presuned up to this point in the

:j(rarf)rrelngmfﬂg a Viterbi dsfecoggk&?lem?é?g f O%e‘ﬁ%‘ﬁstliﬂeévrlﬂobg@g‘#%?%g’eﬁ

using an NTSC-rejection comb filter before symbol decoding and a postcoding comb

25  filter after symbol decoding and, in accordance with the invention, using a co-channel
interference detector that compares the symbol decoding results obtained without
taking measures to suppress NTSC co-channel interference with symbol decoding

results obtained by taking measures to suppress NTSC co-channel interference.

FIGURE 2 is a block schematic diagram showing details of an NTSC

30 co-channel interference detector for use in the FIGURE 1 digital television signal



whi ch the odd-|evel data-sliver 32 and the even-level data-sliver 3:1 are
repl aced by a single data-sheer, using nultiplexer connections tgshMait 2003s
place in circuit and to 15 provide bias to nodify its slicing ranges) but

t hese arrangenents are not preferred because of the conplexity of

operation. The synbol synchronizer and equalizer circuitry 1Gis presuned
in the foregoing description to be desiigdned to suppress the direcc bias
conmponent of its in U%H§t§ al gas exrrgssed in digital sanples), which
direct bias ESHEEnEMC coptaErhalersidcs dereqtorh aqprdence marthap@eract in t he

real basebar pghhgif3RadoiS MBI E6he 18- &6 £ 8L oS JA.0w ng to
detection of the pil (1)?l !(’:hgr ri egr?e {Eér nat%ﬁgﬂﬁ seg%g&gg%]ﬁy goyrr?gfﬁl(r:tbr}ﬁ zer and
equal i zer ci bestgstimpatesdrirs vaiimisgpmtoltdecqutias ssuies, thgendiatefifal By@Bolconponent  of

its input signal. which sinplifies the design of the equalisation fl:er in
the circui tr&‘f@hgéw&/ﬁa&?m SPEL¥RER TROTE AmeR VTR SENSETqnedaHgn FeAAS (98¢ YT she
add-level 3~ data-siiceY Zz arc offset to take into account the direct bias
conponents acconpaFIGURE § iea Biedaschb@RGe HidgrahSsHoMmid detdi 8Nk poRlAWdidg t hat
the first |inear conbing ?0? is a subtractor) whet her the'circuitry 16 is
desi gned t o B{ied Sigirl tedevisienugnaé rachigevhacthe DiTSS -timponentb Glei t s i nput
signs! has n ] i egard to the data-slicing levels in the
even-| evel dﬁ%&’g&f\%’?ﬂﬁ@j dl%‘é(bver, if the differential delay provided by
30 the fast delay device 20x is chosen so that the first |inear ecnbiner
202 i s an adder, FIGURE #is-aMoB00Bemhx dagramsihbeinagictelof a pbAichle neven- | evel

dat a- di cer 2= |.d.be offset . to take into accqunt the doubl ed direct
bi as conponeﬂ#@@ggﬁﬁ%&e%d“ﬂ%‘%’é{ ‘ﬁ’c%‘f’%rﬁg‘ﬁ”rfﬁ? Ngr%prfﬁl?ﬁ"@ﬁ‘ el filt conb
filter 4 | smised Sf-tphvdlelafat a-slivers 2? a;ld ?.1 to generate a

postcoding filter response to the precoding filter response of the conb

filter 24, The conb filter ? 6 includes a 3-input nmultiple;cer 261, a
second |inear combPREE »&A blagkschemeticchegram|shgwingvetdls 263 poutivh ofiteay equal

to that of t i St e QL.in the tter ?0, The second

| near conbimaURI53 8 Bleifi S5l Hielvtr M B8NS ethan e MieRes 202 i s
a subtract oreniphslsias2-aide®dnt Qeldy.subt ractor of the fi: st linear conbines 10
?02 is an adder. The first |inear conbines 202 and the second |inear

conbi nes 262 may be consfructed as respective read-only nenories (RO vls)
to speed up Iinegllc’y%w%o$ﬁét‘?’% %W%Fi‘&%%éh?‘f’@gé’ﬁtﬁil?of@)P%‘Hﬁpéfthct he

Sanpl e nacesy¢ : i f cAULLLpl e 28) <

furni shelg t?l:éGpg?ptéﬁ ‘etllp 98?#&%%@3‘?% Irﬁ;@?&lﬁi’ﬁ}r??;{ g)tre&géé\ Cé)?lxgﬁlns'gdel ayed by
t he second deiphysdeblead@ee dElwy. second | i near conbi nes ~ 362 conbi nes
precoded Synbol decoding results fromthe even-leval data-sficer ?=1 ~ith

the output st | el LR RS ERALASL BN KR RET N PUDMIL, B gR! of the

mul ti pl exes 261 ri; produces one Bt Si 8 to the

mul ti pl exes FAGURE 10gigallteledigidnisighallrcapesn eh thef NTSC-rejSQe t@mt Wlid: hi r d

states of a nultiplexes control signal supplied to the nultiplexes ~61 from
a 20 cont r olr@loy2g -ndeo-fiamg felphput port of the multiple; ~~r 261 recewes

i dea! synbol

20 FIGURE 8 is a block schematic diagram showing details of a portien of the
FIGURE 1 digital television signal receiver for generating prescribed symbol

decoding results during data synchronization intervals.

FIGURE 9 is 2 block schematic diagram showing a digital television signal
receiver using a plurality of NTSC-rejection comb filters for performing parallel

25 symbol decoding.

FIGURE 10 is an assembly diagram showing how FIGURES L0A and !0B can
be fitted together to form a single figure referred to as FIGURE 10 in the detailed



decoding results supplied frommenory within the controller 3g duré' ng, ti n}ai
when dpta field syncluonixation information F and data segnent 8 MAY 2003
synchroni zation information S frnru the equalized baseband 1-channel signal
are recovered by the data sync detection circuitry 18. The controller Z8
supplies the tirst state of the ?a nultiplexes control signal to the

rnul trplexer 261 during these tinmes, condi:ioning the nultiplexes x61 to
furni sh, as t(?; final coding results whigh are its output signal, the ideal
symbol decodi ¢rycnipEulitha fsilgp, v @ hfr QURIE nfroller. 28. The
add- | evel data-sltcer ZZ supplies rnt erlrn%ps'rs%rvrogg}e gg% ﬁn&? é@ eke§t % its
out put sr gnal “¥8'PHEsSaR 58 qudnbaldlab@ﬂﬂlcdfslqrfmgm htcmpleneofase Z6¢ shd€in

mul ti pl exes ~fG&urge gondi tioned 30 by the second state of the nultipl exes
control signal to reproduce the interimsynbol deeodino results) as the
final coding results which are its output signal. The second 2 8 f 1l

~ 2000 -19I cnear ddfbiRfedAr B2 hémkpslcheesatpohagrazdedo@mg dehak osi&&%wg‘ t;,gsuns
as its outpute Iggﬂ%dloﬂ lr[ethlr nput, rt of tae multiplcxer

rrtul tipl éxer EEAdFEY '8W8&’3591 rf"?f’é"et‘ Y gfnetating pistcribied symboli pl e cer
control signalcdding @puitdieige H ?-Q_.‘ﬁ} decoding results, as the
final coding resulg;s wh~eh %I’ggls ﬁ%ﬁ?”yéﬁggf Running errors in t he
post codes synbol gﬁ odi n results fromthe postcoding Conb filter 26 are
curtailed by feed ‘é Btlﬁébioa&awewnbdlagmm\wgg desild 6fxisuipglihekk from
menory wthig I i ata s detecti aC|rCU|try
18 recovers dzﬁg ICI gﬁ%;‘lhlc '?l(g)ﬁf'lg’g llrgc(r%"%eﬁfnc gl'Bﬁcgmgz&’ﬁa“d g8¢fent

synchr oni xat igpect ofithy muerition aJurtdaingpe of basi- dsﬁﬁ@fetsaﬂEtn&S@%lrryofmTsé]@ctmg
i nventi og? V\/ﬁl ¢ch 10 Wlllb‘lﬁ‘be descrjbed in greater detail further on I'n this
i 0o

specific oS° SFENHER R VB AYTPelSAsrediag masHi, (1 eenete fiel symbolhe
pvst codi ng ¢ 2 decoding results in
3-parall el - b?@éﬁ%ﬁ%ﬁm g@é@ Mét %h&s@?r{cg'&?gggm?m%o?&d ffication to
a data interleaves 3?, The data interleav~r a2 commutates the assenbl ed
data into parallel data streans for application to trellis 1 ~ decoder
circuitry 34. Trellis decoder circuitry 3~1 conventionally uses twelve
trellis decoders. The trellis supplied fromthe
trellis decoder circuitry 3~ tgfﬁ’%'gﬂg. eb%;wg’(?ggﬁ/‘gs circuitry 36 for
de-conmut ati on. Byte parsing circuitry 3g converts the data interl eaves 3b
out put signal i ntat prioaspaihtsRred-cholisshowaris teIGURES 610Re 8RMIRG f or
applicatj,on to Reed- Sol n g}ecoder circuitry =10, which 20 pertorns
Reed- Sol ﬂsga‘g"‘eﬁ’? ARserisghInearicy thatghe isgiense 19% PReTatqrel AT PPl | ed
to a da:a degs r pr oduced
data to t hee?se‘?"r%‘fb%é“é‘?@ém%’&éy R g e R RN It SHER 1 bR
corrpl ete AT\,bmeéme\pedmmylaboutracplandelaaslpamheg dslay teguirementpit Al ndesoder ) an

; G2 decod ﬁr qr h Thﬁ re g(g r of a DT'V receiver
i ncor por at edPHCHY ?ﬁﬁrf%ﬁo ‘P;}b’esp?cé CHRHgR Bucer wil! 2~ include

cizcuitry for converting the data to a formfar recording. An NTSC

co- channel i nter fRIGRIRE] gledvacd difitd del&wisiph kigRaltrb@ivee Didddbt REowSingi th an
i ndi cation of whether NTSC co-channel interference is of sufFcient strength

as to cdlfse PEEPIRREhID vdiRy datapre paitagle fBr sqepidingbyprdigh plnddedosasserte

o b s et PRl dechab D6 ARy WOE MR ChBBRIR LS | o e
state of rrulmw|s@nesremvsrﬁs)&hosmg@aécetvmgttbevmoa brodd@Xst 3R als fedmi t ~pl exer 2f

| at tinmes other than those tinmes, when data_ fe!d sy~.chronizatign

i nf or mat i on TECCAYAS atennads GHEHR TegiTefhoHens frem 8 AP qrh insagr dhe ecover ed
by the data,g ) 1§ G 385 inbli S Rl ol iRl exer
?61 to repro ucgmggﬁclﬁt gésgtE}Fﬂht gf%ﬂrﬁc f1e-£| ntéﬂ?m sﬁdr{ggﬁd dég%é‘gmncé 1rBesuI ts
supp; i e@5f r drhet"frented” chvmbnwbaltﬂcgcstnatl;emdmarbdiwffeiqemoqrmixﬁtr ambliiicat es t he
~1't5C co-channel .interference sufileient trenthto ause

uneorr ect ablqu&of B9F SoRvETTRe gloaﬁesqu%qyﬁalewépnf br”ﬁ%dobri} g aa%fgﬁgléel”%er 22,
the control liglevisBnwi laJs%bB?l'xédaE uk Bigh4l 16 balRe@fed -k fleBc POFF AR si gnal
to the nulttpl exer Sglgl at |rneshxgjcherg t han t hose tunes@lv\he)ﬁadgt a}t',flclar

synchr oni zatehain 12rfboyestigisbsidebanth B I¥atignade ghen® TY yerehveo i praferably oif or mat i on
S are recovered by the 10 data sync detection circuitry 18. This conditions
the nuitiplexer 261 to reproduce as its output signal the postcoded synbol
decoding results provided as second |inear conb~nno results fromthe second
| i near conbi ner z67?.



FIGQU R~ 2 shows a formthe NTSC co-channel intzrference detector 4=t ﬁc?n
take in one embodi ment of the invention. A subtractor ~4z differehBi i y2003
conbinzs 15 the interimsynbol decoding results supplied fromthe odd-Eevcl
data-slicer ??' and the posteoded synbol decoding results provided as
second linear conmbining results fromthe second |inear conbiner 252. If the
amobunt of ~1TSC co-channel interference ;s negligible, a. nd if the random
noise in tl-~e baseband 1-channel si gna} is negligible, these interimand
post eoded syrieRl-eRIvESiNgypewith tte [Shawiidebenasi i LdfludiSOard a2 Qisth e er ence
out put signal,f [?ymnt,lben;ubt r.act or 44>é shoul d be low, 1f the anount of N TSC
co-channel intérference '8 4ppt eI spyitaeh-Trependy bhmt ke fiostt put
si gnal from tdeecsubi feasidodetdbdck 19¥ donveraho I oW, but rather will
often be high. A measure of therwer?grég}gh‘? Eﬁta%gﬁg{c?yeﬁve%%dl% t“pYﬁry'é‘fg&hal from
t he subtract SFeIUNCYjoandjand b dpeher by amgliberfor drinslifding TEMe BieRa10 s B3HvesLIRA
wth a squar d determ ning the nean average of the squarer
response gve?gca%?ésag@'i {)fgdgmgﬁtblf"tm“cﬁorpégqbﬁ?'gﬁf’éffc’ﬁﬁ‘%dﬁ“éhqﬁiahalavgmgihngl’
circuit =t43amplifiesehasiy B widfRnsandadd 19k8 | ead- onl y..menory
(RO VI). Thepgjaan aver agigﬁg circuit 443 canm%%gﬁfrf?ﬁ?g%r@g%%ﬁm éh%\r?del ay
line menory FOrY $8RHT Iy Ged) entenmedinte Beasieney bingiclakr tedepdbasd.and an adder for
summing the digital sanples currently stored in the delay |ine 30 ntrn.
ory_ The chart-tep DMBT, ot r t.h i.f ference qutput
signal fromthe SUﬁférrfg!??br 42??5%@&3%?&%&?%9}%%gsegéﬁﬁpe&g@%ﬁ ’ﬁbPQSi rcus
443, is supphicddF band, 0 sHape shanREIGBlec@rt respnek ﬁd@!zcmmﬁ%%e@%y ed to
o}

id th hal.d de: ~¢c~ =t:~i -1, The.t hoid in the th h
Gt ect or o Blft 4 2 pletg bl ¢ dBINEH reiledeon e sopeaessed oamie

- L H t . H ] i t h . t .
oymbol | deood ay h oo T VaR Py el AREH I e DA BedRes b [ e

to the subt refdixed emplinide. This SAWeseohctordingly cgjedeut ofthe i~ ( TSC co- channel
interference.is of sufficient stren %h as to cause uncorrectable error in

the dat a- sl i TG PeFPATAES SeyPdaamTed B 3%79-Shepnel mterferng analogHOY sigadlt ect or
~-~=i suppli Réiné\hﬁ% BRIV Qb cadfir Bﬂﬂﬁ&télﬁﬁnﬁfintmrlﬁ%a@l’g WE:&LQQm tifur eshol d

is exceeded. In alternative e;nbodi nEnt of the squarer a? cdn be replaced
by ot herl510 i&iamnlifier phdini2 gevento pitifartsaif st samienbeisg posradéd when tefiank ur es

bet ween sai L.rst, . econd estinmated 5 al codi resylts, such as an
absol ut e- va%éa“éﬁ?lég?%f&?cgﬁp ré%ﬁb‘?%?ba?g s%‘éggé &E‘gﬁ’éﬁfﬂggﬂ?ﬁ ”E{‘Péff .
absol ut e- val HRrfeHAE With daRls1BRgl? s 66 bdNYmbeRGLARS ¥y HBIREYoding: FEAKE a i's
a black schematic di agram showing details of a parion of the 1 s FIGJRE 1

digital tel eveyeshnosphyeh artfaws nearfens mithadatat wingo{ 1B e bhsebiral gynibols
SC-rejectio iter 20 and.a eci f.t stcodng carob filter
?6 A subtrac u%ﬁ%%%é&s%rc ?/%gg 5’33 eftﬁretg?rf ?agfb%la%%ogn ﬂlsg%n%f %Z’F“W Rt he

NTSC- r ej2ect i combeindiidy Hetwé ddrzQliciagd a - nodul o-8 adder |Z6Z serves as the
second linear conbiner in the postcodng conb filter lib. The NTSC-rejection

comb filter 1Z0 es. a, first delay .devjce_1? 20.e:chibitin del ay of
twel ve syr: ~bol :%&ﬁﬁ"l {ﬁa‘?ﬁp‘ftﬁé@ﬁ%ﬁo @Fﬁ%a@gﬁgeﬁhf*‘f’eﬁ aﬁﬁ"p@gégt%a
complex demodulator 14, which demodulates the vestigial-sideband
amplitude-modulation DTV signal in the final intermediate-frequency band to recover

a real baseband signal and an imaginary baseband sign:al. Demodulation may be done

(L8]
W

in the digital regime after analog-to-digital conversion of a final
mtcuncdie;tc-ﬁequcncy band in the few megacycle range a5 described for example by
C.B. Patel et aliiin U.S. pa.tent No. 5,479,449 issued 26 December 1995 and entitled
"DIGITAL VSB DETECTOR WITH PHASE TRACKER, AS FOR INCLUSION IN
AN HDTV RECEIVER" Alternatively, demodulation may be done in the analog

30  regime, in whuch case the results are vsually subjected 10 analog-to-digital conversion

to facilitate further processing. The complex demodulation is preferably done by



second del ay device 1763 al so exhibiting a delay of twelve Synbol 2dpdtYs 2003
The 12-synbol delay "chibited by each of the delay devices 1.Z01 and 1363
is close to one ¢ ycle delay of the artifact of the analog T u video
carrier at 39.75 tines the analog T'V horizontal start frequency fH The
1?-synbol delay i$ close to five cycles of the ?5 artifact of the analog TV
cl uorni nance subcarrier at ?87a5 tines fH The 12-synbol delay is close to
six Cycles of the artifact of the anar&é“T'V sound carrier at 3ab.75 rines
fH This is tiAwhpgdSonwnetrenous demddflitementiqahdriteopiisa ag) 4,209 ;goof the

subtractor 1z2 he audi.o, catxier, to the video carriér an
| i ~equenci es%gf’lé’églab%“(;ﬂl}eo%&léﬁﬁgllgatbtéfaquggo:@g d¢regdadtticalptacediebayed by t he

first delay (iemi/eelﬁoﬁ:agrlhawe%&&Q@v&&&gaﬁggﬁgg%ecgqghagnel i nt erference.
I ch - edy

However, in portjons of a video signal m SieEbFEnbolsthat | _ _y g0~
-22a hori zonttafodsPhhithefcdata: HarmntyuAN ofeighoin ik atdeovheiaht FegeREAl Isyvi V
vi deo si ggal S.distances in the horizontal spatial direction is
quite | OW,5] As%%%@%swﬁ.%c "ot aﬁﬁ%“%ﬁ"f'ia‘ﬁlbé‘?agfms%‘la Psarsensg 13 iang i siytean nul ti p;

exrr control isihgnale Wi theFIGURE SDTRGHIEI SEAVE B05les AbIEAG tHHIRMAEH 1t 1S
determned there.is ~nsuffieient NTSC eo-channel interference to cause

uncot Tect abl 8F thedRyptipy isyith the gacgprionif geeastriat dueughaheiatr sremdosts, and ' and

thit is mitsg¢hkE 0 et en it is deternined there is
suf fi ci ent N)T'gc cofjlci&aeg%gtlﬂ?ﬁt‘%ﬁI}oer#l%]nscoteﬁ%gutgdg%mﬁﬁ@ﬁ’r"r‘ %&Wl@?error in the
out put si gnaHedodinm andendatdarestibcddcodidg f&’rhecdetcfaBlle@aS?{rarilsg@sioinﬁ. condi ti oned
by its control Signal being inits thi:d state to feed back the nodul o-8

sumresults or 10.the adder 1?62, as del ayed twel ve synbol epochs by the
del ay va‘ie |Z@,S¥’8§?‘Hé“ Rprer $pdeqpateer SITCHHY 4 ReFeivERRideass thy digytizedar

accumul at i ongdayr ﬁﬁﬁﬁ'é’srtﬁ’tﬁﬂnlr’ggh&m-@hﬁh% b?seﬁidd%’%%rﬁf ggglglﬁ;s g&%g}gx a runni ng

error, with error rt;curri every twelve sy epoc nning errors in
t he post codedemgdulasor e bodie fYGUBEUI DTV freasivar theeipvistydéds stpvwaiaids fil ter 136

are curtailed by.t mul.tiple, cer 1761 bein l,Laced {ntg.it, first state 15
for four syn{fﬁ?%@ﬁgﬁ%@g’%e‘f%agw ’?‘?H?Pi % Fheg‘ﬁgﬂra&ﬁf"g&‘%ségﬂét“f?ﬁm&s wel | as
during the episkik)iohl CARRIPRAIS 18 QHTRRS 2 AORRERLNGI Aghghni/ Weighargvhen this
control signal is inits first State, the multiple;cer 261 resrocfuces as -
its outplit séagftdientsithal compehsitesderghvistagnd B8 the renspkisedalf (Tdwnsymwbolry in the
controller z8, The.i ntrodgqti on_ of ~€6~a!3 .aﬁnbol geco i n I‘.ESé,H ts into the
mul ti pl e; t erSYPSEPHEEE BACI FRST TR A B PR MPOLPPS O there are -
~l + 69(1?7) sprb@tisn' P& wslPdsa AR khlalfzBeor GRahosyteReval dgg@BbINg resul ts
slip back four symbol epochs in phase each data segnment, so no running
error can peyysriypnizgrandsaualizer HeerithHa sbideymbobgmehrogizatignds spgomplishedy bl ock
schematic di ] |l ik i 1dL.grt al

t el evi sion sl?%éfg{&%@@gf@g‘?ﬁ%@ﬁfgﬂ és“ggf(‘:r?@sw'%%a%& I?E'?'@E%%Sg%%}’ecti art

conb filager sigandhexdeapdclaws 122611 effpheowpodampbat degnodontp: résporese cMiaintie
i VISC-rejection conb filter ~?fl uses a firs del devi ce 22101 e, chib~ting
a del ay of siEp &g imasingydasbidHenaly@ %W&FW*%&H‘BT #1d q98pliz80 5 yses a

second del ay ;deui cfe 3 150 S1GRbREAion Tt o985 Ao Ied dith kreéhRtecagochs. The
6~syrnbol de ’%3}‘?5%%?%52*“%9 Fudio o s O e e 996 | S

cl ose to 0. Sexmpcd mselehdl-clruntlsigral atinoapal symbglratento radudecymPy ritedeo carri er
at 59,75 tines t anal TV hori,zontal. s [ enc I to 2.5
cycles of t @"é‘ﬁp i‘%qea@gmg?ﬂtm%g ﬁﬁgfig?ro@l pl%&%ﬁp%}ﬁgﬁﬁhc %}\%tcrg?)rg?%r at 2 ~
~~, 4Y 2083 Symbol synchronizer and equalizer circuitry in which amplitude equalization precedes

symbol synchronization, "de-rotation” or "phase tracking” is also known to those

skilled in the art of digital signal receiver design.

Each sample of the circuitry 16 output signal is resolved to ten or more bits
and is, in effect, a digital description of an analog symbol exhibiting one of (2N=8)
30 levels. The circuitry 16 output signal is carefully gain-controlled by any one of

several known methods, so the ideal step levels for symbols are known. One method



-23 2S7 2~ t~nus fH and elose to 3 cycles of any art~fa~a ef theg @nahbR00¥/
audio carrier ar 3~~ 75 tinmes ff~, rln adder 3?QZ series as the first

| i near conbines in the \'TSC-rejection conb filter 2?0, and a rnodul o-S
subtractor ??6? sezves as the second Linear corrtbiner in the postcodwy
conb filter z2G Since the delay e:chibrted by the delay devices 2?01 and
Z263 is shorter than the dc;lay exhibcted by the delay denctes I''01 arid
1263, although nulls near frequ~nc~es cotiverted trama::al o5 TV carri er
frequenci es af8anapnieviepefsand bedas e bSeedar ﬁbsbéd"s@'oysv.{)cﬂ g?ﬁ c%ﬂgg, ~

anti-correl ateiwqan 1ior? Ithe .ai gg@l s additrvciy conbined by “the a ef 2202 titan
there rs |ikEIYPFE VY 'FHBSRErELINECites cPmperRat of twatd bakcbier eadal al | y

conmbi ned by gl obpBE 05 maAR! , essi.on of the sound carrier is
pcorer in thehﬁ)ﬂ'SC-_r ej ecti o% géﬁ%&?ﬁ?‘% glrﬁlg%%&)r"ensa%%e%%veﬂ ﬂgﬁl ??\ {hia

NTSC- r ef ect | BRYOGM 840 cppiroliggenesiy slesmbe HawBV S rpatenENBCs SPph garki er of a

co-channetf i ; .anal V signal has baen suppresses! by SAft'
filteri ng% or H}g?i%é%g@%@%sfrﬁ%fiﬁé CISF—ngPrﬁl §14/éin EndinstenpNog hé73ptb%§¥iswdnd

rej ecti on of 3tle IGOTPerkitikd e5UT DA 0 sync
tips is reduced in duration 13%?F\Igtgﬁéﬁl@é‘%ﬁr{gpe%g?%r@?g%@?ﬁﬁ%r ??0 of
FI GURL 4~r at hER RifaR MINE RIETALEDT AT ERION TELEVISZN 8fGNALECHWRE 3, su
there is sub iall educed t endency to overwhelmerror-correction in
the trellis ?i%%gzc’iela?gg %ﬁe{ﬁ%erecgc-r%ﬁebmn codi ng. A species 261 of the

mul ti pl exes 26z is controlled by a nultiplexes control 30 signal that is in
its second state Phssqutpft sighal framrehewtremtrytl Siissuiplied 84 npek QI & daSa sync
insufficient, NTSC co- chanpel .interferencg to cause uncorreetable error in
the out p\t sSURTAPR FYEHIY ﬂg ”ﬂH‘E’b’-"§‘P‘fe&’e%‘“32§ﬂQﬁM“ft erizatigninformaiont sl st at e
nost of the daRe hEhr ' t I f1cl.e cQr channel
i nt erferenceda{tdorﬁégﬁgggmﬁ%g’?jfggbgﬁagﬂ %g)rno%]ﬁ%ﬁtthie@é[]%éu 45%%2?%%%% t he

dat a- sl i ces sdghal. Thbenrat velyp klexeput 264! th damapnk tdrened cRbuiky 18tcan gont r ol
siortai being LIl 115 thlld state to feed back the nodul 0-8 sumresults of
the adder ZZBHANIPTIRLILGAUAAtensy hol epochs by~t he del ay device zZ63, to
the adder 2262 as a surnmand. This is a nodul ar acGJmul ati on procedure in
which a single ermiereqRiiRRAUADS APl {AipMdsNE nBihd symbd|irhid s8pHIRE agecurring
every Six Synmbol epochsRunning errors rn the postcoded synbol decoding
resul t s Ifr oraunee sigpaltfeamdihsgirewimy 16 ape gppliedss poepar dzealre ad | ed by the

mul ti pl EXes ﬁ%r%?dtﬁg cﬁllng(i?gr hittPhd Jo?hbfﬁIEétzoqﬁﬁﬁﬁéfaq{rstf&W 0@41@9%1 epochs
at the begi nning eac ata segnment, as well as during e entirety of

2 ~ MAY 20D3o geri2fate daha oSdifiemntialhoduisvied kneanis «flthe Y Aevel YWisbols kidsa fignt r ol
signal is in its first_state, the nultiplexes 2261 reproduces as its out put
signal i deallmSV;Fmeeréé%mﬁémFaég’LHDPBbl%%BFidé%“F?Wr‘PéﬁﬁdP‘}Sﬁf’ﬁb"cl KEea®nt r ol | er
28. The intr, j i 9 o d i I i thes i pl exes
2261 out put "SPaRLTe ftbob ARt 2 g eihilze 185 QRGN FELS Bl Ro LRI

synbol s 2per tbafimt ddgndavic: 20 ean peaidesydehgleqddcodiernpgricé sitvwedvesitevishck f our

synbol s epochs,in ase.each data .se nt,,so no running error n persi st
for |onger t’ﬁ'&h"llsvﬁ‘gd%‘t grsg@@%mrﬁbm %@I“P&B?Pﬁ‘gﬁ?c ‘ Ea%‘rwg%?‘ﬁge period of
runni ng err @embHilieheo B@t?hmgﬂangr@@mdf:&{eh@rn?&ébizﬁmwb,sham&zﬁi Higithiess than
in the postcoding conb filter 126, although the runni ng error recurs nore
frequent |y #gerigheref an analogsymbohamibidig aneo gt VBl 3 §¥dfl eaved trellis
codes. FIGURE 5 is a block schematic diagram showi ng details of a portion

of the FIGURE 1 d4.gi t i SJ | I -\ QM ;US] PR 320 of
the NTSC-rejecti gﬁgéﬁzﬁholfsﬂnﬁﬁéérﬁ%Qg%ﬁﬂ%ﬁéﬁgﬁgy%g@;ﬁ t gd post1 OEﬁj ng conb
filter 26. HheuiSCiheajivetbigoagaherftiof teinp8POgnes ¢ expfessedtin diglitaly devi ce
3201 exhibiting a delay of 1368 synbogesgaﬁochs ) Vggi ceg gel a% i§ subst.antial ly
equal to t hE2BPEOR“HIchiiiscihis PBRPRT Sesmnormalizs oot 1A 4P 38° #PEi3dRal , and
the postcod'twmgloaz}aeﬁahhsﬁg{éanga Sl%éﬁ%n@th%@@ﬂﬂ@x%h@ﬁulﬁ%\"lﬂ% 3 al so

exhi bi ti ng such del ay. I I'i near comnbines in the NTSCrejection conb
filter 320 idstesticyudfithapiiccadRe2Acandingliiceashsamplelof HeamircuignidiSradPutn t he

postcoding conb, filter 326 i nodul .0- dd 262, b 1 of the
it ol exes St 1ot gh afkrdo WO SR PR Ehedh P BRERUSToREF T 2
its secgpd %ﬁ%s:mas&! e@hibithh@ onb BELWHSIM wikg hErriighbed wvaled- 7 150} 1,571, +3,

i nsufficient C co-channel interference to cause uncorrectable error in
t he out put signal fromthe data-slices 22 and that is in its third state
nost of the tinme when it is determined there is sufficient NTSC co-channel
interference to cause uncorrectable error in the output signal fromthe
data-slices 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 wi thhold supplying the third
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sytr. bol epochs by the delay device 32b3) to the adder 3262 as ?ps Q@
This is a nodul ar accumul ati on procedure .n which a single error p opa es
a s arunning error, vvrth error recurrir:g every 1368 synbol epochs. This
synbol code span is longe.~ than thz span for a sinble block of the

EZeed- Sol oron code, so a single running error is readily corrected during
Reed- Sol onon decodi ng Running errors in the postcoded synbol decodi ng
results fromthe postcoding comb filter!®2d are curtailed by the

cnul ti pl exer 3264 *BeiThesepymbeldevant are IdSnd‘nh:hS’ted 8§ eddR” Qhbd)Ge e NGQNLI rety of

each data seg ield sy as well as for tour symbol epochs
tit the begi n%?ﬁ% g?gﬁ%ﬂe&&c{gt%% t° 8e0¥Tats Nris syorbor ddcodingasliti 6F 1 n i ts

first state, 06he@0mu o] pilexes, 137 Bb k911 € as its output signal ideal
symbol decoding results suppl ied f raom m%&%gﬁ?\%ﬁ he c4ntroller 28. The

i ntroduction of geal synbol deeadin5 results into the multiple;cer 3761
out put signal hal %Cha?aF‘Blﬁrﬁfr‘i@f f@mtbfnl'er?ﬁ@um@t &ignatiid, lin sffeondiigiwiati on of an

NTSC vi d f nst e 24.19 mllisecond

dur at.one'gf %&L{jt‘?@ﬁzﬂfght“?t‘@? °i°t"ﬁ§“‘ vnaa Q%@Mﬂuowm lavely field
sync event uallHy-13cdW, -B, =6, tahez antpre NESR, fmgr.ple; s;lgr Thln%y?tbgﬁe\elnes in

t he NTSC frane raster ach cont ain 634 sy nbol for a i 39, 100

symbol epoch¥¢ dgqRigated as even” Symbahisrels @%ﬂfﬁ Idaqqcm@by t.m res-le Ve dBradlisynbol

h )¢ th
Fbasonabl e can Gt PRRER oy B! Mol iy SN L BRI TR RIS 32t o
fields will 099, eXipGh@ed oMot hel, thplle&&EsﬁBﬁﬂety,eproduci ng i deal synbol 20

decadi no results du: ing DTV data segnents containing i;ield sync. There is
al so phaso sli pp nent for the start code groups of
whi ch iaéal synbol (5’2 ? rtsgﬁ%a”é 19-cabie 8 haid deQFOE WPHEd scan

lines. One gaesuRRHiLFRS alﬁ;&)x&zQQuﬁympueHO&%n bwtam@s&%éxﬁ '-ZZédte,gg,g the

four synbol epochs in a code start group) are scanned Xing 8

consecut i ve g used dyimplementig néétetbteilcwcamgscamedattan@memgnemmbpem D Ccv
data field, ss, Wthr bl e confi n|n errors of
duration | onggﬂ;q'l ?‘ﬁ ﬂgg%'fﬁcéfét sficef gfﬁ%‘pﬁfﬁ erp &V gﬁfﬁ%’éﬁf :&Ft BI exer
326X r epr odyHghaddialaider, @ya?%utxﬁﬂwbaﬁcemlza§h.ﬁufslm1&=txhar&q%d$5 art -
groups. The two sources of su pression of running errors are reasonably

i ndependént Po¥vidnlsins Grraedily itsslicing menggs. bt hese wfandements o nboprgierred han t wa
hundred or i O unlikely. Fuzthernore) if NISC

co- channel %g‘faq'gégfrtglﬁg‘;e'gﬁeﬁy?%#;& g time when tht: running error recurs)
to condition the nultlplexer . 3261 for reproducing the response ~$ ~y ~
HY 2003 - 26 of Tﬂ*beyrdb:tlaymdhirmﬁzcrﬂ@d apalize coutipytl 633 mealmmtxheheerror may be
corrected earl ier than wou ase.. The FI GJ

th i b
rSe T o oot TomeSe SOpYEIto b des Bl ip Supiss 4% P it Coefaae At AR St | on

artifacts gepanaheskdrétsddinRIREsdnthl ) akileh diYedi Btz 28RbalenA3Ghr ONi zi ng
pul ses, as wel | ‘as suppressing many of the dempdulation artifacts gener at ed

in respaﬂsenpm%hzaqi t;gelwwér:taméappwnaﬁhmﬂlzbawdbapﬁslse@ sapplicd dea th2zi ng
pul ses. These a |fa((§%“ﬁt the go ch noneol |nt rLerenclg“é/VEtthp %{;est
energy. ExcEPTPRRSFROPHAPLTE ewagle, b"t 5 SRERIG SHEeL S HE vi deo
content of %ﬂﬁb@l%@h@ﬁorﬂérﬁh&&g‘tdl@é&&cﬁth’? 16€6¢ dextbred msﬁﬁﬁﬂhe dire@ biast he
NTSC- rej ection conb filter 32 rovi des reasonably good suppression of that
vi deo cont eRempengat of 1§§§P‘6f5'@1@lswétﬂhéimphlfl'fé the dstedithaeayplizaken BReidi o
carrier of A€ uaﬂ  sDfieh@3h shch c%?ﬁatig'agtglsytc%g?gwels i HfeAR1- lh&e[h_as not been
suppressed by a I'ng rejectron frlter 1n synbol synchroni zati on and
equal i zaFi oﬂamsnmﬂzzraye dffiset t%rttaka‘tamtacmint mtmsmreanahmgpﬂpéncmlagcormmsm are

suppressed in the NTSC-rejection gonmb filte Q respo O..

Fur t her nor e e JHER FERSIR I R UbHERAL GBY VEiMg that Ihf%étthgfaéffjf‘%ﬁwﬁ “filter 320
is "orthogo W G rie8 e&@@ B8 Sk QR 0P JrbseldtiRe diR@ctrel s
decodi ng prgggec?ﬁgrogs %%&Elkmg 1a6 %) | oc tascherratl Codl a%rsgm shovxln ng details
of a porti obisstomhendt GiRAngutdiggik fals nb ebragnsensn insiegrd|to thedlatavdicingsi ng a

speci es 420, of t NTSC: re |on ter. .20,.and a,species. of the
post codi ng &OlS ”Fekleteéfm‘ iC%t‘?e’ %S@)rﬁf‘gﬁt”' iR T sger mfatl ab&@@vﬁég%ya first
del ay deyi CenARQ detaymebltte b0 Y 1Rt tHe/Brs2Bfab Yorvhere20Q6 15 adilei,ch del ay

is substantially equal to the period of 262 horizontal scanning lines of an
anal og TV signal, and the postcoding conb filter 426 uses a second del ay
device 4261 al so exhibiting such delay. A subtractor 4202 serves as the
first linear conbiner in the NITSC-rejection conb filter 420, and a nodul o-8
adder 4262 serves as the second |inear conbiner in the postcoding conb
filter 426. A species 4261 of the nultiplexer 261 is controlled by a
nultlplexer control signal that isin |ts second state nost of t he tlne
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in the controller ?8. The ntroduct:on of ideal synbol decodi ngnzgshlﬁ]s [IJ to
the multipl exer 42bl output signal halts a running error. The i 200
ni:.nber of data ?0 fields required to expunge rtuyning error in the

mul tiple, ce~r =1761 output signal is presumably substantially the sane as
requirEd to e:cpunge running error in the multiplexer 3261 output signal.

| -1 owever, the nunber of tines the errqr. recurs in that period is | ower by
a factor of 131. The FIGURE 6 NTSC—I‘ej—é‘(?t_I on conb filter QR0 suppresses
most 25 denpdifl da-Biring levelantibe gemeead detaislicar@IRARRE bk FANA) 0, T, Ver ti cal
synchroni zi ngcc%ul St§5 a e&ual 'gzi nb pul ses) as well as suppressing all the
denodul at i on® &Pt g fQUHed drest bigs FHRROBEH GRAEM Pas Y mgahognd Mepsaniiz ondial
synchroni zi nggpall ses. These artifacts arz the co-channel interference with
hi ghest eneny. Al so) the NTSC-rejection conb filter 420 suppresses
artifacts arising fromthe video content of the analog TV si~naa 30 that
does not change ffdierifdiea 26 is yseehiterone danelides 12 me 24gettisnge bi d of

stationary p i,ve,of their horizontal spatial frequency or

col or, AritJi f cs{mgeo = t%g? &Sgr%ego DR Pres8E 5 ﬁg@’aﬁé‘?%‘ée PEIhe eynl flteidlt Bhear e

suppr essed i comhBIdNDSCneledactI-pRucaiBipleidtzn 4 : I E7is
pocambelaion, ¢lenenearEmbing P

a bl ock schematic di agram showi ng details ofa
digital tel elFFeidbieladeyisi2op aviidetay equsligythat efrbe fiess delZydofice 14 in the

NT5C-rej ecti ol Hb.er ~[~£s, .~76_of , t he pos: codi ng conb

tiller 26. T%gitlp\felgéoie gg?%gﬁﬂg%ﬁgorﬁﬁn%re{%@a mL?Sglso“gﬂqq%F zft‘hedgisé NeFEvi ce

5201 eah. i bi¢ompimerdOR dya ibtrddb; 2QQs 8 yHvdek-LAdERSor 1t Chrsd8leaYedrSbiner

subst ant.i.al |y equal d#e? ﬁ_gereﬁg%i od of twg franes of an analog TV signal, and
|

t he postlgodi‘ry{)& TN neeerinbiner 202 3pd ¢fiel sasprddiprare ompier 363 o
e:chibiting PasS tQfd- Jur Sty | i near
conbi ner in rtﬁﬁ)g& %J‘f"@éct? e ecﬁegﬁ%égﬁb@?ﬁcgﬁgg@gﬁ ? Jg%gé ér% ulfrlgfl adder
5262 sarves c@sbtitadog@pemnticrsisnBarendptdsupport the satmplerars @odived Thabudbid t er 326
A species Q@61 of the nul|tipiexer Ztii is controlled by a nultip|exer
control sigr “a[) e ‘_ﬁ%‘""i“ ‘Hl‘{)@ é@c@ﬁ’ds@f the &espgate fﬁ’_fm MRFOPCRENGARACI t i s
determ ned tfar o6 hid [sieilEd 6f R ARG RpuchANE]. LIS ANRBL G OiFRUSE

uncorrectabie error in the output 15 signal fromthe data-slicer and
that islBn 268 combrgs pteatdedrpmbolofeceding teiswits fbrahe avendevdbdate-pliceed4 t hexe i s
sufficient NILSC eo-ch?nnel i nt %rfer ence t_g) ca uaeorrectabl e

withthe oufput signal from the second delay device 763

The cutput signal of the multiplexer 261 reproduces one of the three input
signals applied to the multiplexer 261, as selected in response to first, second and
third sltatcs of a multiplexer control signal supplied to the multiplexer 261 from a
20  controller 28. The first input port of the multiplexer 261 receives ideal symbol
decoding results supplied from memory within the controlier 23 during times when
dnta field synchronization information F and data segment synchronization
information S from the equalized baseband I-channel signal are recovered by the data

syne detection circuitry 18. The contraller 28 supplies the first state of the

LR ]
in

multiplexer contro! signal to the multiplexer 261 during these times, conditioning the
multiplex;r 261 to furnish, as the final coding results which are its output signal, the
ideal symbol decoding results supplied from memory within the controlier 28. The
odd-level data-slicer 22 supplies interim symbol decoding results as its output signal
10 the secord input port of the multiplexer 261. The multiplexer 261 is conditioned
30 by the second state of the multiplexer control signal to reproduce the nterim symbol

decoding results, as the final coding results which are jts output signal. The second



error in the output signal fromthe data-slicer 22. The DTV receigVeéfay 2003
preferably contains circuitry for detecting change between alternate franes
in the NTSC co-channel interference, so that the controller 28 can wi thhold
supplying the third 20 state of the nultiplexer 5z61 control signal t:rider
such conditions. The multiplexer 32bl is conditioned by its control signal
bein" inits third state to feed back t nodul 0-8 Burn results of the
adder 52G3, as del ayed' 18g00 symbol epochs by the delay device 5263, to
the adder ngﬁ‘eé'swa‘ %ﬁﬁ%ﬁ%aupnhvhpcszqosecasmmdwoarnaagﬁum ﬁ&l&ﬂm@&%?%“re in

which a singlg. g Les a n~ error, ?
recurring evéﬁy%%gﬁpz% QH%% %@Eﬁéaggh#@ %‘WWB‘@FF%(’ddécsrphmnﬂs byomber

than the spanhifdsiata oﬁﬂmghtﬁtzbﬂemlto@tioltsmaﬁsg Sale singl e
running error, is.readily cgﬁrected Buri n' ﬁgg s m%ﬁggggg%banﬁﬁl Runt ung
errors in thé péjérfgc%ﬂt{ i &y gPa[Gé@:‘Bsirqughsr‘éb!ahﬂsa ifsroawput bignglost codi ng conb
filter ~?G are curtailed by the nultiploxer 3261 be| ng placed into its f
rst statesBusing Rbgmgmefr@gy of: s8ac 0 nment containing fi eI d sync,
as wel |l as far our s;/ epochd at&tﬂ%’@géldr??l?%& fpults Q "Rﬁpf’%

-29each dat ace@pfipt 2 5m~e’mwhd©ycfmdtmcﬂaci&hgﬁ@dal sﬁnsdndbéoﬁxﬁrﬁo%ﬁﬂtsstate the
mul ti pl exes ?@é { [rnouq‘lzjnqes asrpl ts outq@ﬁt si.gnal ideal decodi ng
results Suppli rom neno § the anty f?‘%fi'r‘@?g times q?ﬁbs)i“ﬁtdﬁ'@@fmm on of

i deal synbol c1d&¢t&9ﬂ4&&cb&$ﬂ&lit§ﬁ@lﬂts chbhizaubh irth si gnal
halts a runnin error The nHX|nug?nunber of dgﬁgé95%ﬁﬁémg§% #%%d to
expunge runnAghepRation infarmation$ ﬂ"blls A THRBAntaEpEULT Bk gnahtids whids umabl y
subst ant @l | yif heqSan e e run error in the
nultlpIeLes 306x ou%gﬁ?qggﬁﬁgrg&gbhm&er&PqusﬁBﬁﬁéﬁt8? tines tile error
recurs in that period is |lower by a factor of ~2~. The FI GURE 7

irl TSC-rej ection Hm@mutlstgea! it ie upyitiglese 2 6alid thdponediag b fflerarst i fact s
generated in res onéefto ?'mi P&STV vertical_synchroni zing pul ses and
equal i zi ng pdl & fipal symbe! dsgpdipe sl nArnaralisd-birmyms] aasaratiiediby £ f act s
gener at ed | N4ALERARSEr $PrAR fc n sgs, These
artifact, are the co- I(': ar?ne lj;‘)%ttler gﬁg‘ﬁégﬂ%ﬁ”ﬁ?ﬁ ﬂﬂ {Htﬂmg egwr/f\l"so) t he
i VISC-r ej ectqmm&mbﬂalassmbwmampmrmsﬂlebdm stra‘amstfsr applisatiog 16 treltdst he vi deo

content qf t nal.og. T s not .ch e aver t frames,
getting ¥id B %aew%y“s?g‘?‘ %5?% 5‘5‘%?‘& ﬂiwmwga@é%ﬁwcwf*mﬁa

SDatl al frequesdys. oThe@dIy decddihg AGhIS £E s@phe@nahqae telUs @8dREr AKLERS are
suppressed in the NISC-refection conb filter a20 response, too. Oie skilled

in the art ofpdrevednisrieaspseiemitoedf fonderommytationr Rytstriasingriopint 3%s of
correlation g SJnsatH%H%}S%rJrﬁe' gz%r 3&%@@ l?xﬂoW@' gﬁgédsS#le%%) can be

exploited in esi g ection ers o T11 other t; ~pzs

than t hosm sdivicorrédiohlctEiREfordpglicalibre tolRxd o | MG Cddcofi @aticoinyf40| waich t hat
cascade two NTSC-refection f hers of the types al readg di scl osed i ncreases
the 2N [2velrsrigims Reedhiplemamdecorgads geq&&tiwqor)w&aff PE§atream gipphed i | ter s

may be req“'rB%‘?ﬂa‘aghhel : ogﬂﬂiﬁ- 4Rt QMLQE 'réﬁdgﬁﬂze?@fz‘ﬁu egkdlih@édf&'ia?'%cgf)

probl ems despite ortcom ng of reducing si noi se
random noi sehé refrenirfder efnhe raceivir (@yndhoivn)l eChediemgindi @mnﬁvlsh&w wcpref erred
cxcr 26 of, Fl GU oget her

1 1 f. th t det |
R et roellingife pacBsBRET o it decpgrmnts M RSH? SRS it TR0 T e

to the multiphexes RIDTT Vet &‘tﬁ%ﬁma ir? @ digeaMmapé &e@rdmﬁpfvdhmtmhuf fer
registers of read-only nmenories ( =i 8, 30 for selectively reading

to a 3b 23- biincludeddrcgunplor conysnpg g cfam)tmatfn@n{mpqqr@n&xer 261. The
mul ti pl exes Z61 further

An NTSC co-channe! interference detector 44 supplies the controller 28 with
an indication of whether NTSC co-channe! interference is of sufficient strength as to
cause uncorrectable errer in the data-slicing performed by the data-slicer 22. If
detector 44 indicates the NTSC co-channel interference is not of such strength, the

30  controller 28 will supply the second state of multiplexer control signal to the



~ i~ ~Y 2003 -30conprises a t.i-state buffer 2611 far selectively28 MAY 2003
fonvardin; the ;-bit-wi de output of a nultiplexer z61? io the output bus
61, Q durrng tines when ideal synbol decoding results are not generated. The
mul ti pl exes z61 responds to the ~TSC co-channel interference detector ~:|
bs,ng a ZERO i ndi cative chat ~I TSC co-chanr:el interference 5 is not of
such arr~plitude ~s to cause uncocrect 4e zrror in the interimsynbol
decoding results supplied by the data-stices ?? to reproduce the interim
synbol decod ™Y et 6L aimesmiar tinghese t@estwientdeta- Rl @t €.c Bah B G fer 3611.
The mult~ple 2 ¢ nds to the i V1'.SC co-channel interference detector
4-i being a %%?E”“‘?%Bfﬁ%&%% SR YR QYRR AR tiondy frerwneeed by ofe such
anpl i t ude asdaipspaukectiosOrdugel 8! e ftdnd i rimsymnbol
decoding results sup |ied_by©te}f1e G EERhudl e 'g‘élt“?g"r}?’r(;%@c% L Y5F & oded
synbol deoadi"hPHPYstENRL B¢ fntprmishmbsleteording revelar suppiidal fres (RBHdasvd | NPUL

signal tothg,ttlhe.Shat ffer Z611 .. IThe circuitry far generating the
i deal sy%bolgﬁ(iigléﬁ?ﬁ% ;Heagél}?'@éngnﬁil'claéea%?etj)wtrgg CB"L?PfJ‘HFl pEtereto isdnpri ses t he
RO vfs ab, -~tgficien strangly mboluscleokt:geeEasan tezdardlichng @F&%%?yfﬁgunt er ~4
for addressié’n tlhe g&p/ls 46, :~8 3fl; jamreset ci_rcw‘t)ry ~6~Tor resetting
the counter %3L5Ha% NGRS ItiaBoud PRt theapird gtes wfimys pleretreagiolesghabnabl e

signals far ghie 16%€9 261%t ti5ls 0@RFhan MR- gﬁ:%?w%gr{ ‘fgzﬁt[n qu@nt rcﬁ{rérlégaq Lhe

2 .
tri-state buffer ?611. The address counter coun 5] PBcei ved

at synbol dédofsdhagen Bred datosegnivat sywhohizelacin Geaesas are @lovetdaaiahy to
generat;osuc SSi vg addr esses ?% rg‘rspec lvel é@desenpti ~ae of the synmbols in
one dat a"f r &6 SY 8L PEEHIOR ISP IR TH1S PRetians Mg mudtiplaxa 261 apmpicddce & t he

RONI's a6, 485 calgu@Sigh1Qhd pdstiekld Wo?ﬁ&%ﬁm-ghgsdl@?}orvgfegtas%Lcrofiéilili;xgéf 56 resets
the counter Sa to appropriate colints responsive to data freld

synchr oni zatcoohiring teswitst froomn 1R sacmhddaea @egiren262ynchr oni zati on i nformati on
S recovered by the data sync detection circuitry 18 of FIGURE 1. 23 It is

preferable to corfhemh he .count er 5=t~ so raup of nore sijnjficant bits
counts the nunber@. I§¥ ga't ‘Eahoévégaofﬁgﬁégmﬁ\grr‘é%g‘f 58‘?351”;3!%5@@%8%%&0{3&6an | ess
si gni fi cant (ietis oa®eAbEdiinBS: JTUREIRY erPionS WdBLractPEsd 101 ere S@IIFRBbiInkBI S
simplifies the design of the ~ amreset circuitry ~6; reduces the

bit-w diihs ofe inkpi Synkphdecodingrruls qenniise fraacthe efdlayg] dage-sligge2 anthige

facilitates ~ 4 ~ i r4i sses 30
fromthe co@%\’ gcﬁdgg&y&r%%la%g?dﬁagfeﬁ%&bpg V'\E/}mgdd%ﬂsg&%‘,fsﬁ%ﬁb%ﬁ %Igé?éﬁaﬂg%'%mme
ROM 4b st or else deckmad lireyndronbike @68 ~Tfthé ftour of NAISCa-addnd] iebdersygads segnment
and is selectively enabl ed for reading h{ba% resei ving a ONE from t he address
decoder 64. nYEkaipeNndgt the rapglareeisedn Bif WaRedagl G6RAraFl e sieglisiPiecant btts

of counter ygle QddHbnd Bikkcduod Birsodi REc fulkhaHIBOLZiRe o @0 @ segnent
group; and the address decoder 60 responds to the group of nore significant

bits thabd cdifferencelvatputsipeal fvm Hatsbimeyndit shqpld bedawa If thermmoumef addr ess
decoder 60 ates a 0 dE when and only when the ta se t. rtion of
t he address® f9-ehengs) "f‘ﬁ&erﬁﬂ%frlé§%pr8%{}’A%<é\p\V3¥9f' @8@%&)@%@@8%& addr ess
of an odd gelsnsHBGuseaiRall wilhgo¥eMendrally [oW, 85t dathRalviis ¥fidibe ideg 0di Ng
results for an even field sync I O segnent and is selectively enabled far
reading by receiving a QN E fromtJ=a gddress decoder, 62. Thg R%% 48 is
addr essed” by t he Agieasregif theensrgy; ig M didarsncapytrt gienalofiom she sUbFaciRf put t hat

counts the QYR RlopeY PO SaRPle IR AREATRBAL si S0 With £akNRIAREN €SS

decoder 67 respon e group of nore significant bits that counts the
nunber 0f datwnsiagnreht megenvetad af theaqeardivesids ees agewsodrd sBertgerer at es a
Nt e N val i b o Bvernging arcui a3 The SR80 o8l vé AfpidRahaps suppl i ed

using read-only memory (ROM). The mean averaging circuit 443 can be
implemented using a delay line memory for storing several successive digital samples
and an adder for summing the digital samples currently stored 1n the delay line

30 memory. The short-term mean average of the energy in the difference output signal

from the subtractor 441, as determined by the mean averaging circuit 443, is supplied



corresponds to the address of an oven field sync segnent The RO hf 8@ MAY 2003
stores ideal synbol decoding results for the start code G oup at the
begi n, ni na of each sync se?neat end is selectively enabled for readins by
receiving a ONE fromthe address decoder 6~, The RONl ~0 responds to the
two | east 20 significant bits of counter 5~J output; and the address
dECOder 6:1 responds to thz group of |ess significant bits of counter 5~t
out put that counts the nunber O synbﬁlzé‘per data segnent ;roup, The

addr ess decoldere!sa! cpmpanar esracNb mheid: aniregiy suhien 44he Tﬁ@ﬁ@egxqpol per
data segnent; ¢ Hﬂ}esfﬂﬁtdiez%n of. ‘}he ddress supplied by the addréess counter
5~1 corresponds to the parf &1 Bdpiticsstyfieh not i be cottalegtioorteqm ' Tti e NOR
gat e 9~ recehameavefide LESPRE Lh& T decoders 50, ,6? and (4 at
respective opes of h?t s thr eﬁ’gﬁﬁﬁﬁe conr@gglfggécpnmvﬁ“?r APERBIBPCHecodi ng
resul ts are KeAPREPES Washopostdedechgiaintes seabeondessis BPplicito aRtubdagupp! i es a

ONE as i ts | |,:.conditi.oni e Gate 9L to supply a ZEfi O
res ponsetjt oqﬁlt!lg%? %g%hgtdem g’éﬁe 4%? {‘?’&%%QC‘TTC\%HF%‘“@HHUMQ 59§ suffieient n- st at e

dat a buff er sGardsth @s @ a@bichinkofécidblSQHE:68 t3Q iaﬁrﬂf’cg%b hg.RLL Jines of
the data bus}7?~g, so the signal for'.r~~ar ded fro t%ﬁée’";’gdzgy~ﬁf%?trz"slhc?'

-32nul ti pl exér Tepiresqp|d detpstoryds siuppdies the contraltee 28 iridatioh dewtaher s 2610
fiotn the mylt 4 [luring those portions of data segnments for

whi ch i deal seyhggﬁgésc%xg%%ﬁd'r esults are not predictable, none of the
address decoders d0) 6~ :nd 64 supplies a Q\E as its output signal,

condi tioni ng t hel™NORngaive eSibodimesiyginhy squafRii2 E4SRABSBcddbyldineze tri-state
dat a bu; ec'c.’?6u11,fThi s_candit i &ns the tri-state data buffer z611 to e,
chibit fow SEIFTE LT HSEHISRE absols Measyras of selepauwrenketyesresaisfiral @610) so t he
signal forvedcdgdlediniiad s iioping* | 4 SARlLELuP, he
3-bit-w de dara bus ?GXJ}? FI CCEL) {n% %Itéqéﬁ‘o%g\)sdnaabg@ @?"i%@z’ftc:?%‘ﬁl?g?} a digital
tel evi si on stanpdd. Tesmed exlcastidn, Suchhuhsflar-\dasaitche tin orslkzedaliagd in

accor dance yvi%h f further aspect of the nventidn so as to operate in

paral l el a PrEPAYITES8F synbol decoders using respective even-|evel
data-slicers) each preceded by a different type of NISC-rejection conb
filter and each BURIREJEeda BMcR sdheSBECLaYRANPASWRMAGIseP ADokichicttnd O
conpensate for the precoding introduced by the precedi ng NTSC-rejection
comb filkerFIGHREY ahgiiabirddv:sden ugnl resgivenusing a-pegies by efrthe NIRE-1e@sponse of
an NTSGC-r ej ' fal L ar. Ofy . pre d

dzcodrng resu %@H o‘r0 %‘gﬁﬁﬁ%ﬁ bﬁdﬁ%{g{e}%bggé{?@%gl'ﬁé%%rnﬁéf'%?gbgrru%ggﬁof a
first Type.seAnseyer-fireMeleactbebisl irche NITSC-efevvion tsmb fier EXpomse of an
NTSC-rejection filter BZQ of a second typo to second precoded synbol

decodi ng r eBGHYS-Sradrerl R seres w5ihe 8“3“%%%&6‘?)‘??1‘6“66?@?&‘?3@9@3 OB of a
second typeg £~ e, = &1, | sponse of an
NTSC-r ej ecttlﬂ(t)%qu |€'I EI‘ gghégge,lg*e%gof Ir dﬁl{té}‘ggbtu(g)% fahiﬁgﬂa/cgg e%gh%gzggr nbo!

decodi i r esdiitisng odelappl mebicispmbdlapacizosideithe pogceddondedmb filker 108 Gisexfa a third

type, The prefi B an in the identification nupbers for the
el enent s ofseﬁ?f@%%yéeéfcé Iag:f %é? &HybiiRg & gelAY ohTeLYE e Wﬁ%sﬁ'ﬁnd to

respective gngsnu d%?femsie&e&fea&h of’the 3dlay deABS 130VBRM TEBCE LSS 1oRMeL | ONS  as
showy in ones of Fl .ES 3 23 - 7 are enployed. Synbol decoding sel ection

circuitry 6@clerieRyaiide gtifapr ofithanalogal Haiteo samrieneit 3. Bitiraestheenaleg hdol

decoding f Licatikon to thestrell] i | e 7l Seiectrig
fromi deal a]{sofggxgtfd S&g‘it’&?“f?ﬂcjf g‘sﬁmesl,“ #b@’%ﬁgfnﬂgﬂﬁs%ﬁ’éﬂo ‘zgyé c%)/els %é{ehgodi ng
resul t 951 ecgiificthfitRérdag ThtRrofif@te dbhcamdr b BMAshenesdy, i THe | Peihbsided
synbol coding 3G results received from postcodi nn conb filters A zG B26
and C26. THelaydseloseto sinexcdes of the artifact of the analog TV sound carrier at 345.75

nmes f,;. This is the reason that the differentially combined response of the subtractor

1202 1o the audio carrier, to the video carrier and to frequencies close to chrominance

subcarrier differentially delayed by the first delay device 1201 tends to have reduced

3¢ co-channel interference. However, in portions of a video signal in which edges cross



2 MA”™ Y 2003 -330f synbol decoding results are uskd to correct thza8 MAY 2003
summati on procedures in the postcoding conb filters @6, BZb and C2b. The
NTSC-rejection conb i'ilter A?0 and the posteodir~ conb Flter ~r?6
circtt~try are advantageously chose; to be of types like the
\~TSC-rejection conb lifter >~0 and the postccdirig conb filter ~?6
circuitry of FTAK.E 7. Th:Sis so despjite a considerable cost ~n nenory,

si nce 718900 Ey_nbol{s/ have to be stored i'n each of the ?-video-frane del ays
5201 and ~?i80THOWEVERN Ihbehstmsagef tadiienin Y dearl,ame, del.ay 5201 can be
used for re igtgribtggintd‘gehsh_ort r del ays ~ZOL1, _'gzoL, 2701, 1f9”?fj§¥a.ram§5, t he
storage in the 2-vided Prepna geatial disestopes qugdowar real i zi ng the shorter
del ays 10 azd3, 32b3) Z2b~) 1Z63. The high-energy denodul ation artifacts
generated in respos@eict 02 QNG 102 )i IHRAE BE PN 2] | ses,, equal i 2i ng pul ses,
and col or bursts are all suppr egjs“efv\,hen tﬁe‘:%k#%@;{)éjaé’e&“it@ NEIRB Pl ter A~O
addi tively CtRiREdS Hl tesenerdstae dost 6ithatme vetled oy is a&kintiacd Sealil Si ng from

the videg co 0 anal og .TV signal that does not change 1 p over nva
frames Ege sﬁt}%g{ryéesns‘geqisrag%f{haﬁ‘lgﬁ?‘&’f‘bff“‘é"t‘atcf”bﬁﬁa’ﬂyolmtatb@rmrirr thespgat i ve of

t heir spati algnilrfel eMRCa120811c€03 Cind (R8s [ERBh MK 28R 00l em of suppr.essi ng
denodul ation artifacts pri Rri| y”dctong?a{“né@‘gggg‘%ées’é%é’?%é‘é’& ‘&E {4t7l at i on
artifacts aff'€mpiged tharn is puffisienoNT S Gme-cHiddeb renfeerrt (COILEQIM ok hBE

| ocati ons Wi Lh:Q og, IV _signal raster. These 20 demodul ation
artifacts caﬁ be ﬂg u%ﬁ?gggggl %%m?%ﬁg‘%‘i HIckFas af Mempiiglaxec il gueanditimed

NTSC-r ej ect bpts canio! SighdldeingZRiatd:d fie ROREE B5HKNGe 88014 %Bﬁ{es\lﬁ?s%ﬁi rcuitry

can be osen t ress remant denodul ation artifacts by relying on
correl aﬁ]ong‘ie ﬁdgﬂigﬁgﬁﬁsféﬁt’%ﬁ tWi Yeasy b hepoahaiby the dNTBAevied B3I mrtheonmb ftlt Er

CZO and the 3d) ?gﬁrrgaf' ircuitry. can be chosen to suppress
r etmant den%dggf%%%ie’gdﬁqﬁ LRI ;l'h %;315' 5%% ?5 y??f&%‘r@%@ﬂ%‘?"gfi"bY’fg’iCH 3t he
vertical disisglt o pripasated @t a ROMIRUGTor AvHR SO cERRHS b ARy ARV DS fddl t her

~mpl ernented. If the sound carrier of a co-channel Tnterfering analog TV
signal is ndtc 'm%&lnﬁﬂwsﬁqqdﬁ‘éﬁfﬁ@lé’ﬁ@mﬁdtstfmzp&iemosrhedihf
anplifier chainailsg 12 ™ j ' Llter nd the postcodi ng
conmb filter BZG“%%rICEP%rJy%g?@' @gmg&\ﬁ/déﬁ@g%gg‘gg{ %/iléhglélen ‘Pt(;% 'g'etl"g’fs‘ﬁf/pes i ke
t he NTSG r efoefond symbanpodistaerhe b2ginaing & f ehed data?se@mbRYasivéi0Z ¢13dipars codi ng
conb filter 176 cj rcuidtry o, FLGQURF.; |f the sound Lamer ofa co-cha, -nel

i nterfering™4F3Y 8{;“‘?9/ aRgrepent sodipighiedEld arngy "Grenthiy cprirqlaignagisét its sound
trap in thegkfseAEmhd fbBpl B 1 2prclifes MW RC G | de84in 20 and

t he post codilrngS comb fil tpe&f( §125 ci I!r,rgui t?)%g—gr&é\ﬁtg‘ét\e/sa t"'g‘{g&%%ﬁg%“c %géelﬁyt 0 be of
types |ike reswits smgded djogrimemnrcionie fanktoder 28?2 (T teriatr dduetigqrost ded isyrgbaionb
filter z2G girguitry aof FIGURE, a. This is because the anti-correlation

bet ween vi d%ﬁo@&r{f&%&ﬁ‘? t&iﬁ%ﬁ%@%%@o@‘@ﬁ&ﬂﬁﬁ halls  SWITER G QLA SHAEt her i s
usual | yobeth&e afenAR 60(19) GRABIHN Fridan La&h¥ReRe YdALYnERTRARER S4B LIS Synbol
epochs away from each other. e optimal choice of the NITSC-red ection conb
filter C?0 bankifounsymemteportisigphioe cenlisiatd SeementCIBnT funpingenyr &an feass

strai 4ht f onyayr & of oi ce one nust nmake (in consideration of
field int e%g’é’g%"i’ﬁ’?ﬁ?ﬂﬁ%?ﬁf‘érs?g’ﬁf’ﬁg analog T'V signal) whether to choose the

tenporally closer scan line in the s2zrte field or the spatially closer
line in the pred@QGURE 4 isal Wodkschenarizndiagred shotvingtderils uf 4 potios ofuhel i ne in

t he NTSC- rej i.on
FJIS%IR_E 1 digiral television signal receiver using a species 220 of the

25 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 6-symbol delay exhibited by
each of the delay devices 2201 and 2263 is close to 0.5 cycle delay of the aruifact of

30  the analog TV video carrier at 59.75 times the analog TV horizontal] scan frequency

fu, close to 2.5 cycles of the artifact of the analog TV chrominance subcarrier at
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conb filter C20. Choosinj the tenporally closer scan line in the sane fie
is 1 ~ generally the better choice, since junp cuts between fields are |ess
likely to ravage NTSC rejection by the conb filter CEO Wth such choice,
the NTSC-rejection conb filter C?U and the postcoding conb Flter C26
circuitry are of types like the NTSC-rejection conb flter 3z0 and the
postcoding conb filter 326 circuitry of FIGURE 5. Wth the other choice

i nstead, the NTSC-rejection conb filtef3C?0 and 20 the postcodi ng conb
filter C2b chgciy . ar , A SCrejecti coma fzlter 42~
and tt~, e posgtr ct)yd[?ﬂrillgb %b%%pe;ﬁ#g?%ﬁﬂg(%#‘ EPM&?O&%EI—QP BRUHNH TR QURE 9

di gital receid’el’ appsafiatiusadde: 120diséivechsithe figt iadahesmerbodixent s of the
invention to [Jggé addi ti o?%’lnt_ a[)al | el data-slicing operations, each carried
out by a castade ISNHRICEOH 220 dpd e rnadslad Teagie] 6242 wrves inb thersedanid| owed
by a 25 res i 7 bt =S4 |1 .by.ar ective

post codi ng ?g%%’ ?‘?ﬁlt’?g‘?qn \t/:ﬁ:@ﬁ(katc?@\géﬁ%%? ﬁ ?%tn{zf;a' 53'\}’%?1‘% Elﬁ'a?xgis‘&&ﬁby r‘\bgf’

oper ati ods atetaystegwns 220 1FENGIE EisShomerdhdni thatitlonsxHineds hé bdthy faindeser

paral | el dat a,—gl i{i 2% oFer ahjaons caga‘gr ovi de capability far_refining the
best esti mat &0 e of Vo RIAWBHIYIS HAE BERHEGCIENVETted from sFalpg R carsisi pref erred

enbodi ment s @dqubiieshl&hlrowes bifd tHefedYis bidfe ﬁb(él'?i& ?e?c%%ﬁ%bﬂ%ogglaﬁgﬁ & lEon

circuitry 66 selects ideal decoding results as ecodi ng results when
they 2 ~ rsignalg agditvelyIambined 4y alie asldere2202 Jheaythére 1§ [eds tocizl gosled t hat NTSC
co-channel interference does in fact obtain, d, . ~'erenc ween the
interimsyri68 laég%g&gﬁélgpéia'lt{gg’“gﬁ%y TPt PohE "bbd%a[:@égg%fgbﬁbol decodi ng
resul t s |pr esupmdsioradrehadouhd batkiabk ?p&r@r INERONTOCGRREMH con¥ fldr 220€ence.
Accordingly, the selection of the final decoding results by the synbol
deeodi n5 selrephasithed inghe NT§Cagectionromb fiies|12 8 easpenisag Hossuért o the wundt

avai | abl e can_he based an_.co Lin [ ast coded. L«,decodi ng
results wt ﬁa‘éﬁ&ﬂp%f?[gﬁw’ﬁﬂd“\%}?%“%%‘é‘}‘:‘gﬁl}%%ﬁﬁﬂag‘z‘%g‘%ﬁ“ﬁﬁp?ré%ﬁ%ggg S{'ﬂ"lle reason
it is desirgiefng Bt & bk Yrap & @8 TRBhbEhertchain 1¥; the $eocRued ajdttibn bniter f er ence
does in fact obtain is that these differences anong the various synbol t O

decodi ng r esambdilieaA2hisert apbleaurThigesronssy 19 SEEMPF Sredwsdit A¥AsOTnen
"white" noisz.i vel ffigi b 1 i y nore error iri
t he postl&odeu m%;ﬁgi{ggg?ggﬁﬁg&b&fﬁﬁ§'¢%§ﬁ In %ﬁtgﬁ{‘%?%é%kdecodi ng results.
The fact thaTICHGe®oncbAbfter 120 EFIGURECE so shepr BSerartially rddecaiscer t ai ned
dtu-in' data segnents when field synchroni zait,i Sn-infor ticfg occurs, using
the techni quendaeeycipioyERrieln eorsorsaianp thptreliydesodiag ane Reay~RICH N,y

t echni ques %ﬁﬁi{r}g di fferent NTSC eo-channel interference' resection filters.
Pref erably) "hoWwever, the stren'th of NTSC co-channel interference is
nonitored on a eom rJUOUS real -tine basis so that changes in NTSC

co- channel i nt er fAespenice 22@valthemitiglexer 363dF pontiplied Y & N HRIENST §OnRldeo
content _can be taken.into acc t....2 : : itoring

bei ng pr2 Vi dég&alb‘sa%’a’é‘ﬁﬁrﬁeﬁ%f‘dts}?%g fn«g\s/tquﬁg%tg&? %’bg? ﬁiﬁéékg%g}lﬁ:%aﬁ??g?yi n the NTSC
co- channel i @fidi@ft NGR) ccRshahael Mtrfdryndehe casw endaerecizhleldrroSin thabetptt
application serial No. fl8l$21,9a5 filed 21 March 1QQZ and entitled "' USI NG
| NTERCAI ~RI ERnS| IBNAILS: ¢ors|SET22omdNmiNg Sots TN REempnNeet 1he Ustec hepat ST v

| ~CEl VERS". The DTVY.si gnal t : " d"

el ectronics df(ﬁfmi“gxéltfﬁ%lsi e CF" ?)“ gﬁg{f%{)}fﬁp%f fntltaér:rfc(?%g% n%%agg%%&gung‘gfggar al | el
type for N ES6r 50U8duHughiglas frofhke davpklider 32. ShageBiplaxet PR61iFcendiidnei er

chain 68 for NTSC sound signals correspond t imlar lLifier es in
the I F aapl ibD’iilérCOE‘ﬁ‘ali%‘Sﬂfbbg’éﬁmD‘F\Fh‘é‘{ﬁ |‘%§L°ﬂ§6‘iﬁ‘n‘§1€ g\?ﬂ%@’%iﬂ’%fﬁ?‘?l‘ﬁs ‘%f:\lgar gai n
and having Le, RRres ik OmRlyed sHARLEBLER byXhe by BOECTIONGIhgadepl [ {1 er
stags in the anp 2. Th

I'fi'er chain X2. e ~0 frequency selectivity of the IF
anplifier clabnab68swamsnd Htdsistaonetulhaseureul s iseerduistinivyinckon singla ¢ -~z of

NTS C audi o earner and within 250 kHz or so of Vi r~aY Qo03
-36carrier. °TREPIPPERTSHS %%qreg5%8n%rsr? %Lbrﬁflg EUQI%N% “‘f*&%ﬁ%‘ﬁ@? s‘gel ectivity
of the I'F anlinfdefirfd@ithe f5t@aR HonteaiEdoatheQedultbroBAié bbittaliagipmln a ~I HF
If amplifier 1 f plural-conversion receiver circuitry is Lésed. T%e.response

of the 3B arfpter RRerrechaiitedéy the mylipiieedtoldems Rlsred e ts hey S@it I8EtYf 70
whi ch uses the dul at SC vid : £ b@tred T
het er odyni ngsyf“rkl’gP 7P %Srclﬁ'\%egéné’ﬂr% oé??a:?ﬁ&a‘éﬁ%g?tg{l ggf ﬁ%@%i%ﬁ@ s%lrjrntg

I nternedi ate-fr:quency signal with a 4.~ iVIH2 canter frequency. This
ncercarrter sound If signal is anplified by an intercarrier-sound

i nternedi ate-frequency anplifier 72, which ~.,5 iVIHz IF anplifier 7?
supplies anplified i.ntercarrier sound IF signal to an intercarrier
anplitude detector 7~. The



i 0 response of the anplitude detector 7~ is supplied to a :hreshold MAY 2003
detector 76. The tlweshold in the threshold detector 7fi is e:cceeded if
the NTSC co-channel interference ~s of sufficient strength as to be likely
to cause error in the data-slicing perforned by the c;ata-dicer ~?. The

t hreshol d detector 76 supplies the synbol decoding selection circuitry b6

i ndi cation of wherher or not the threshold is exceeded. |If the indication
is 1 p that the NTSC co-channel interf?ence is not of sufficient strength
as to be likely to cause error in the data-slicing performed by the

dat a- di cegadzdgrhdht Sontieingatdl@Eyne OMlichitRiBSokthd sinhliokn fefRditng, wel ection
circuitry 66 to select interimsynbol decoding results fromthe data-slicer
z? as fi nmult@mm@e@amdngewaéstapwut pensl idsalsymbehtleceding sesubiesupiied) resul t s
are not a I Nt tant in

t he int er\glg’wr@%&l ﬂthet&ﬁtrg %t%ct%?yﬁ?{tl{%shou%gd%gg&?%g Sédmclﬁ%ggﬁ@t?

opt i mal pd’refroultlp]ea@rméé outpuSSnggachalls aelunrmagwsrot alieck Gyretaed 4 ddé&(ﬁ) Rymbels or s

are correctabl e Iltalnatlo t SI n froma

i r~t er car Pf'e ataa‘d‘eﬁn'ﬁﬁ }ﬁdgeaki lchofl"tg resutﬁ S lp?’ 1{)}6 A O?S BIEPAR Rase

i Ikel y tOe&fﬂa ?[aeécelgmeiitﬁ%b l}t@gungﬁgehat camg)el'@smmtlbﬁger:’.h@nazb dﬁarsegmnaﬁtchmdt he
sel ection_ o i nal, synbo eco results iominterims ~S decodi ng
results t§k ?JV?PQBH%H%%‘E%P%%@HJHWBW ger ipdh ew@aﬁtngwmérm@r £t

ar r angene gkl PN thablnahé postéRirgdortb filfra26thofgh i aimingrdredcarodyne
bet ween the audi 0 arid video carriers of a co-channel interferi ng anal og

tel evi si omoss Geauentlyand affrers tyfcesgerny of Hiegerbaiaicdeavediirellisgades in > | . S,
patent application Serial No. 031821, 9~4~ 30 FI GURES 10A arid 10~ show in
sone detail circuitry included within the synbol decoding sel ection
circuitry 66 f&IGYBESGS ablpckisplematy dingrand shyding detaidssef] at portiopof4Be IGRE 03

- 37FI GC1 an.assenvl ’ 0 a H can
be fi tte?ll:_ t o%ta¥ ﬁ:lewstlon Sl% r(;r\?ll el% 6’%2%%’? gl\é%?i) ﬂggﬁgﬁ‘g}@g %‘lgha%d%bmﬁg

symbol deendla fgcizeBRE bf tha postcommg <rquoﬁ].ter'l216e Thy NESC-thgerddh ogms ﬁltelclzoon

circuitry 6b has 3-pit t.put S runs f t he bohom

of FI GURE ing of a
uie A1 iy Bator o0 PRl B Ig by o Livs VRERCEOL. PhishgBlY A

cascade coiRpatisIBNedqRhl l@&ﬁ@epﬁ)‘éﬁ eﬂmcﬁmorﬁemaﬂ@taahhw &ramamg T 2gigdal, @k kife

decoder circuitry 3~, ta de-tnterl eaver 36, di.ng CIFCUIt

Reed- Sol oReSicQdiEFeEtd féltqréaﬁ p5ep a-sgepndiiglay gexice ézg%ﬂéfb?ﬁhi@m% suchj |dFﬁaVaFf¥?

that showgd nEAr@U.{nt)maﬂnhﬁ@s}Bﬁqt&l& é&ﬁ%n&larz@tfttt%téwt S8, i fhbat shown
in Fl GURE S selectively applying i deal synbol decoding results read
from1l Q Rophglingr cagbingtind® pestaodmgsampilted 32@ismumodude-8 RHGURESG2.0 E shows
best-estimate-selection circuitry far selecting Tina! synbol decodin
results during tinme intervals when ideal synbol decoding results are

unavai | abl e, t Aagpediss 326ﬂmfithetmult/ia]ese1t%tlvieeont1tolﬂedbyhmul\lﬁxilciterdanteol siggalr i ent

or dataf synchroni z odes .are supplie LI TV n e

ri ot at eltihie % Sreape bl s SER eyl PS B el Meres Iy YRS
repl aced by-chdnnelshrtfereted  daudehmcsrrébtdble &84t in Sﬁbw\d sighf) frdin tHelafd SHORE | OB
best-estipate-sel ectjo ircuitry. The trj-stat databffer Qis

condi ti oné? tf“h‘é"t’é% Hﬁ%‘t“oﬁ“oﬁl‘?fﬂﬁl\tﬂﬂ‘@‘gt‘ ’(5852‘?%%F‘|1Fbedlt gE & ¥ assert
the inter Nms@:ydastt%n&@mwfé}amméué@%mbwsﬁ ekfoP M thB Supddsigra¥ Bbmaé a- sl i cer
2? of FIGURE 9 on the output data bus 78, The tri state data buffer A$D is
20 condi t fdprslicasg2¢ fbe Pé”épptsﬁ@éew%tﬁrabmn@at%c"wzyﬁ‘a dpteqting changribetisernsser t
the past C%@e‘?’?até¥Jm@1lne§j§t(’tﬂgN'T9Crc%sdﬂLaﬁr§al ﬁH&Pér!:xf‘c@ Jortﬂatltt@@om%mdeaﬂg conb
filter A~6 of FIGURE 9 on the output data bus 7$. The tn-state data buffer
B8O i s cowdhhildmenplyipg tltqéhlrdastp?@w@mulanlemDQQétcentBBzlgt)ell unget yghc QNE to
assert thg ntaggotngoded synbol decoding results supplied fromthe postcoding
conb filteér of FIGURE 9 on the 25 output data bus 78. The tri-state data
buffer C80 is conditioned by the response of an AND gate C82 being |l ogic

ONE to assert e st cod nbol di.ng results su e m

post codi ng contLSE‘??’ﬁﬁ’é’ﬁexgzggéf ?‘f‘@fﬁﬁ?eggﬁhtsg??gmiﬁtgﬁﬁltbe th‘E Jfgatettcf he NOR
gate 58 ofcelf biduREe Mo@oSLINI ie88ltd dfShd KRPOIER, hOddIAied ADEY gat es 482, A8?, B82
and C82 as respective ~iriJsuts to each of them so the ~i-state buffers
80, A80, 30 B80 and C80 nay be conditioned to exhibit | ow source

i npedances to the bit lines of the output data bus 78 only when i deal

synbol decoding results are riot being asserted
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F MAY 2003 -38on t;~~ data bus 78 by any one or the tri-state outpet

buffer= of the ROvls a6, ~8 and ~ 1). The output signal fromthe FIGUtI=
9 threshold detector 76 is a |ogic pN~- when the NTSC co-channel
interference ~s of sufficient strength to cause error in chc data-slicing
performed by the data-slicer '??. The output si?nal fromthe FIGURr 9
threshol d detector 76 is applied as a J&spective input signal to each of
the AND gatzs AB~, HSZ and CBZ) so the tn-state buffers A80, H80 and C80
may be condiyimbaeepachs bx Hietsistayl dawice 326k ¢o theadpedRi2 esa soninarsd bilbislis mes of
the output data bus 78 only when the NISC corchannel interference is of
Sufficiont STPOHEEROVE BRRRROSsT o M e RE SPaleFRCAPRPAR AT e PBRABATBY ¢ he
dat a- sl i cer ‘&t eddtaefuHiBblbverl 9568 sy IMepdads FIFdRE Bo e shial i it egher 76
i's conpl enented before being applied as an input sibnal to the Au' 17 gate
082, so the ¢ spagtiar esipgleéackogthaidgedpelerperitedeosreisingle exriitg ¢drdsv sour ce
i npedances to_ the bi phes. of out put data, bus 7% only, when the NTSC
cv- channél irﬁ?dfélﬁ’fcgpgéltgéédw n%ge aﬁ%ﬁf) W%ggcr?tdm%t ?Reur?ﬁ{“ﬁ @r%lé‘l}té%p Srtcrogre gi n the
dat a- sl i ci ngvp@sLf eichBitgRdsults FrobBe dadidodslgd @rib Hlvar 306164 €lefnlBOYY fiew
;electiot: is made amonS the postcoded synbol decoding results supplied
from t he posedbsickey Bohibemgirddcsd mio s HBaagfroasheofumtpelpechdlatthen t he
out put si bna| . , det r j i r,
"l cat i ng. craptRehRbile SR, bRERUCKD R LA cobthd 1 pfisin Y
strengt h to eaetidata dngnt.0WHen thiheontrdl eighahis ntsofirsdeaechatultgsedet 3260ppl i ed
by the data-slicer Z?, The postcoded s ol decoding result that departs
nost frdfh t FePTPAYeEs F‘M‘%?‘i‘fﬁ'&ﬂ“%@&@di’lﬁéj"\%@ dRepding resHLd puRpded EPFsTFRODT esumed
to exhibit t : 1 i ed to

achi eve that§ H%%ﬁ?@%ﬁ @ymgﬁﬁ‘%gﬁgﬁ%ﬁ?’%gaf‘?gﬂgg élfé?l}etssﬁ%gr%%et ective in
suppr essi ng hilltipleAET3261 oorpat figm éhits nhenfngreencelar t6.6antilisdvand thetoonb 25

filtering used to achieve the other postcpded.s o] decqdin sul.ts.
Accor di ngl y)efendl G vidse EI€§-“B'§F§VEEW°F%°E’SEF%W ; {ﬂmﬁ@%%g@mu

supplied by f a$el GafaNBoRORE CAHRHIngUTERDSy nd@CAMAG eosul t S
supplied by °§H?g@§?’€?§ﬁ§5é@ﬁ?i Iﬂtagr"s AZG, H26m§nd Czt? are de?er?n‘i ned by
t he digijsal tsaditiradiTEICsrABetasteBSEhe $3idlin€s in tfe NTRCGUREE (BB eqtieccabsm| ut e

val ues of these djfferences are, determ.ned. by 30 ahsol ute-value circuits
A86. 586 andiF SyBLok GOt BF MG it SO OTaPE RN e RSBl g
synbol decogfé 943@%§Hésttﬁe SYPRIhRA ebb6 @R} DD TROS: S Skl stitiniak FlRlcsyA26, 2 8

MAY 2003 -3 6 and C2G fromt"e interimsynbol decoding result supplied by
t he dat a- di eee caPgie withsedsonablyainfidendenipalinuizgayorpghdaradoroReserahabe

;eafized usin -onl. ies ( ! ' er. cal i
pacd”than ) SEPR ARy PR SRLRHINR B f o BHoaes RS e B or e
cal cul abjon SRtk AMFrRG T BV Qhale QitediSidigaiMnP¥leld Fne aThiste dlsdptiase t he

subtraction and absol ut e-val ue procedures sinultaneous| %._ The FIC' LJRE 10H
best - esci natsbpmaek detwesn daiarseamenty, (PiibE §aBSOde giovns olowhphiderbivebr8s, B8S and

C88 in additjon.to t tri-s e : 4 i
addition to dteﬁ%d%\ﬁeiggsa%rgegv%%%%' M%%g%ld%gw&?’%gsTﬁgé?}gﬁﬁ% Qel%ﬁglodrggar at or
AB& det er mi RembYl 0By, Whictrie 88738 titties tigtdpar dytibel égeahy inecddatsert growy mhol

decodi ng result of the postcoded synbol decodi ng resg{;t supgli ed by the
post codi ng comsapnad during BIF 78 Ganiesithre dBRSEEBENFHAINSH EBF¢¥E 24 f&Pt ure from

the internn s eﬁg@t I o ' SuER cedRs PGk T esul t
suppl i egjby SFﬁgp‘gég%co i r?ggcfﬁ)esrg% %Icafé%gg,mzﬁgg!%?i%ng a Iglgcgei %ﬁpNE]i it
does and a le@@iCof@uedtionitbndet RS 7 mata fieldsavillte edpwigediby clonmpaltiplexer B$8

determ nes whet her :t he absol ute depart ure fromthe interim s%(PreTSboe decodi ng
result of t R26perrredusing :45atsrmbelaesering resuti F4ng S eds F1AR PR 4%t codi n:
comb filter ﬁ% i éﬁlxﬂﬁ'ﬁ d2bA abdegsdnbBINifdipeadihes s sty mbol
decodi ng reéﬁ%t@o%‘?&te e B%)Jsgt?sé%ge syln%ol decodi ng r?ansul supplied by the
post codi ng s, ol tuheing €86rs cfdppitiph hapgar they o Dhesdred ¢r %tda@d%éd%ﬂ 98¢ ogi ¢
ZERO I 3‘0t 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



20 dons not. A digital conparatac C8% determ nes ~. vhether the absof uf4’ 2003
departure fromthe interimsynbol decoding result of the postcoded synbo
decoding result supplied by the postcoding conb filter C26 exceeds the

absol ute departure fromthe interi msynbol decodiraa result of the

pos: eoded synbol decoding result supplied by the pastcoding corzib filter
A26, supplying a logic ONE if ii does and a logic ZEROif it 25 does not.

rn order for the ANb gate A82 response 10 _be a Iogic UN E for conditioning
the m st at t eﬁi aesrll A8 td t‘fsﬂss Ei OSt COCrinead COTIEC egee 81 Ir rt'iganrvggu

supplied By}t @ (Féod nb ?ﬁP%er ‘196 Htthe ou& gt data bus =8, the
digital Conﬁaﬁﬁébéﬂﬂﬁﬁsaust deternine that the absolute departure frontthe

i ntenm synbol decedin~ result of 30 the pastcoded synbol decoding result
supplied by the postcoding conb filter A26 equals or exceeds the absolute
departure fromrhbeiGORE § NTSYIRACtidR eOfb Ttk 830! qafe good if s%Ye%D%:’) 40t he
post coded synbol decoding result supplied by the po5tcod; ng conb | ter B26
at the saﬁeneqiuieathrhatlchweg@iegm%in resnApse b UielasBY derigentshwachieatzinghe

ecadi ng PRST SR ot LB Bun B ACLOMAERUL o eesd Bl RRLT BRI IE O

t he depar tmzrrraldgrﬁivh\tette:al ﬂyr@hmmsygtbo]sesjamiﬂhuagzing:pulsbs oThctshertpi‘osts eoded

mbol odi | t tgod | d
Par he. atth tenaninierBrBRe bR T Lo BED FERTRaF Bt bR ore” "
tri-stat esdautlimerchBigk ﬁlahas'ﬁc&btcohhﬁt @me @ﬁdegl T3y sitpndl odet:md ipefiod @8t d

supplied by the post conb f|| |.~?6 aqn the out ata bus 78, the
digi t al %ﬁdinafd eh@%ﬂt@tct%@m ARG PR esarﬁgtﬂnat@ 2980 SPRRIFSIY ¥fm t he
i nterim syabelded QokterOdbna1dse sEt colbr.t DRe APPFSEAE G HPal auderafiiBdofr s ul t
Suppl i ed by the postcoding conb filter HZ6 exceeds the absolute departure

from the piles T signabid regengblygpodeidigase Bihas pet basssepriesed Py agesckiec odi ng
result Sufbﬁpdtﬁii f%r § Axgg] éh,gﬁib%i)?}infaﬂro% oh 4hd 84u ‘ﬂ"@n@ﬁ c fr&ﬁtr fAtrhfﬁ%ts Jrat the

di gi tal ar at or termnes t the a ute dep ar romthe
interim smmsicﬂnaugcﬂdicn}})ribemtﬂ areoﬁpprheefbmstlmdﬁiéﬁlcsymtmn tdnnimﬂltngBZLB result

supplied b the ri xgeed the
depart ur el %P 5[(")? Httgﬁm sy’r%blffltgrm iori'ége?ieb Ut I\P#gq e ecglooéltc(%ng’ fc:ﬁsynbol
decodi n’ BE(Blsl“brtiiU@cpiall e thy NTS€-pnatfaetiengjectioibbiiild iher theta@llisl decodidgr f or

t he AND gate %?7 response tv be a logic ON>r for conditioning the tri-state
bufi"er OtV 8Ssert the postcoded symbol decoding result supplied by the
postcoding conb filter C.6 an the ?0 output data bus 78) the digital
conpurator C3R nust deternm ne that the absolute departure fromthe interim

synbol decodi nBIGERE 6 is gfblegkescheraptio diagragy shoyying delgts afa pedigntofdhgppl i ed by
the post Cpmt@Rquttglttm@i%tls% dif'rﬁ:l}'?éc%l\@i: uaﬁgeeﬁaIEM@mgt NT%(Zd?a?é’dtltoHr e

froth the interimSynb eco ost eoded s decodi ng

resul
resul t suppnh Gleh30 anrba amfeddﬁmg thmm;stqoidmgeqorrmi 1]tera36. t TheeNE §Qereiectien t hat
the di3it A r he
intetzm s@dri%@ﬁ“glgcodi S%Egrﬁerg[ﬁcfe ‘?fg’%‘{i?e pos %‘Hﬁ)ﬁ cg‘?d%gg?f‘ ?:I%dgo : r(gsul t
suppl i ed d:goch.hew}pdsddo}dnsr@bstonhalt)i ¢quai toBBEdened;ofiadiz borcathl Btmlnd@dmdsur e
fromthe interi n u t of e tcoded s ecadi ng
Feaul ¢ sun g MY REnab A ah oy B3l oot IS HRIEFR R BRfy AFERCH "Phe
conpar at 0426143 exidstiag udtB&14y. h,e sobummsxatzmlz s8B s i tHel B0 cdMBnet tn made
to supply_ a c .ONE whe espectiye.inp are e cn val ue,
o avor o &eURE-Fe o o e esed & Thdelory Sd e s kSuti P recondo. . Bao
and C80 cigkbabeomBie} in t‘ﬁe%dsttc@dlﬂg 'cuabtm@r kpg. | ines of the output data bus 78
froml ow source z a MaY Zoos -
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 in its third state most of the time when it is



~npedances o~~ing to the absolute departures supplied fro.rn the,

aosol uce-value circuits A8b, B86 and C86 all being equal (7ne skigﬁeaAlYnzﬂfB
the art ofdig~tal comrunications receives desyn and acquainted with the
foregoing specification and its draw-na will be zc:abJed to desyn many
enbodi nents of the invention other titan the preferred ones specifically
descri bzd. This should be borne in m nr®Mhen eonstruar<8 tha scope of the
br oader cl ai r(’grétemhi ch . follow.,_In thg claims which follow, the ward "said" is
used wher ever CFEFEFEHERe [sSUufisrat N SQrroshrrnsbieeiferertado thae uadoretiabR' | | S

ttS5ed fur ~raEeRniea t } f ack to an ant ecedent.
1000 D05 e R e R fad Ry 2 I B Stk siererhin r ocel ver
canprisins; dpypnakirewirersicenting Hnako-feliesiien, aprar et us.kl,.suppl ying a
St r eam of 2N'm|z§ el syrrb@l s, each having a,s%rrbol epoch of a specified | ength
intime) N bé rféer%lncﬁo%‘% PUIBE FoEnoger28 @nivgthie desyrplyfng 2N hendskatsyhtbel s
suscept ~bj e hauldRing 426CATRA) éib@aqi#{gye,@lgcthigoggitugnpf co- channel interfering
anal og tel evision Signal, sald synbols belng grouped into successive data
segnents with reSﬁective headers of data segment synchronization code, said
data segnments bei hiF Bbipkar $3ilds sadpisned beldatmrdiisighalsbeniosh s higird Ni ti al
dat a segnent . f.iel ontainin data field sy nchroni zatian
code whi ch cﬁgt%é(ggecép rbg%% i aO%PFé ol f)“‘@%ﬁ%.u?? %Cfida' ‘”143'6? fdnedry o288

provi di ng a syartbéepdonk bptheuriaguevieonpss id &ew&&%@@ﬁﬁés&&gaﬂ%ﬁ; [sgam of
2N-1evel synbols, each said unique; conb titter response being Tess
suscept i bl e NI, 4F§UREBHAPBIRTUrOY vehieh 4 sivgle eabr popedaannela rimtisy éesd, ng

anal og tel evi,si i b am o Jevel s ols; aplurality
of syrrbo@ de”ﬁ%g'?%‘s‘?g‘?m&%%%?gtl ?%g&r%&’{pbgt:@\ﬁégseszﬁ‘f’r&%ws%%maﬂf5>1°a&?fodi ng
results, a fthasthesparsford sjaklertaddktof taf Ray rfuddmeeeagedsa gﬁ@@r@wggeﬁ&r@t

estimated synb { decodi r‘]g .results responsive to said stream of 2N-I|evel
synbol s, eadf2ByHeFreped during ReedrSalomey decprline aRivnging rrognb die metodat s

enerating r | M8 i I i r lts re$panbive to a
?espect: vg osggmgf&és?é?’é’gﬁ)f%ﬁ?éﬁ% t@%%?cf) Fﬁggg%'rbgg‘peéﬁzgéf,es%?@% ye‘b%ecti ve
estimat ed symiltplegeciidil being @fidtd BroutefiROsite ddedl (he aGRB) Stck gapect i ve ZO

mat ched filtering for said respectwe one of said iVl unique conb filter
responses f riEEMGHIceR TR itld synscts el asdor fout Bxmbglspeshs gevedigigningsll t s are
obt ai ned) saig ghhely Stvinel, B hi SN E oder s . o] a
second synbol decog‘:r(-i?’rngé Brﬂ"agr}]g#sg{o?xhgl S\s{%rgg)Hﬁxgg?#srggﬁgcdqg’yﬂ%lgggggrcdj'ggng
resul ts; ci reprpducys hoits alepw cignalgdedh egrhisr! decodimy resdiarsepglisdrfegih inemosy

departure between said 23 _first and second estinmated synbol decoding
results; and“\tﬁf%‘rg‘m?‘%zJg%m-“ﬁ’éu%i%to?ggtﬂi Sﬁﬁ’ﬁ’QH g%"é@ﬁi’%ﬂ“‘éi"ﬁ%ﬁh"t ry for
sel ecting besiiygetdriRkEaubiORmphdhs GIREEE LY, Sk RIAL-SHHR di ng
resT.tlts to géﬁere{t e fi%tgf‘ éﬁ/ngoaﬁ‘sgecodi g re?ﬁﬁ tngﬁgtﬁg?i rr: ggo‘g{#ﬁeen
t hose t Rfres fiskdsmeqyred o expupgy ruoning edesindbe Buitipidxer 42 lemnmn signal is
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 6 NTSC-rejection comb filter 420 suppresses most

N
(%]

demodulation artifacts generated in response to analog TV vertical synchronizing
pulses anci equalizing pulses, as well as suppressing all the demodulation artifacts
generated in response to analog TV horizontal synchronizing pulses. These artifacts
are the co-channe! interference with highest energy. Also, the NTSC-rejection comb
filter 420 suppresses artifacts arising from the video content of the analog TV signal
30  that does not change from field to field or line-to-line, getting rid of stationary

patterns urespective of their horizoatal spatial frequency or color. Antifacts of most



of said best estimtes depending on the departures fromsaid fi rgt8 MAY 2003
est ~mat ec synbol 30 deeodirg results of other estinmated synbol decoding
results. 2. The digital television signal receiver set forth irl claima1l,
further conprising: trellis decoder circuitry responsive to final synbol
decoding results for benerating inner error-correction decoding results;
and st eed- Sol onon decoder circuitry resgansive to bytzs of said irwer eror
5 correction de|cgqj,nglresults for generating outer error-correction

decodi ng resUf'F'se TheOla YIrEHprecupRTISet b ~§F§§é¥*%&@v gepbdider 48k th in
ciaini i, wherpbhsd wl i s one. 'The digital television signal receiver set
forth in claim3, wherein said best,estimte-selection circuitry conpri ses:
a ntltiplexer conpected to provide the capability of selecting between
said fast and secéhdUBdt T ifatierkssphtsoiticagamn o viaguletags bba pgrinendtteng sai d
final synbal ing.resubts.at tines between those_funes when said
synchr oni zat i%ﬁeg?dggh%@i{éﬁwsé r‘r“é%ﬁaf FVeLF85“°H§/%FQ§BieﬁQEQB%§Fute neasures of
the depar §ur @&T9TRte)EIn 386 (el 30 aiWspe@EOHTh 65t BBEEH Y rdgerdi ng

results; a nmean averager for generating the nean average of said absolute
nmeasur es; andhe NXSC-peyectipn comB gjiten S24) uspy a-fiess Hola deleteedi M rexhibgsigondslay= =o
sai d nmean avef 9 ' ri gt t eedi n rescribed threshold
i A F T R

estimat ed syiasles daroghaltg T'e sighdlSaddahe poweroatiee samtdfifdrrsak wsasdRkoglecodi ng

results at tines between those tines en said synchroni zati on codes occur,
arid ot her wi QQS%SFI‘GF? ?&iﬁlﬁj’ Eé‘éibéf"‘rﬁﬁuﬂ%mg’éiér"\fSBP“%Cé‘?"é@P? ATV SRS dhfest

esti mat egy syphalh cdmBirdeGaL ¢ Z ei@ai ipal PRy

decodi ngg? esgPtt s at %n?ﬁesgtgtgg%g}eékﬁﬂ%og%@ﬂ?ﬁre%%' en @&EL&Q%&H?% onlbzati on
codes occur . szfhes aditly deabnd leleaytniinersn grglosrcediag eembdeter 526 th in claim 3,
wherein said best-estimte-selection circuitry conprises: a tr~ultip'.e~cer

connected to provide the_capability of l.ectin;, between said first and
cecond osti nated. &WEUF LAty LEB ISt yihuEEbY f TSRt PR cymbol
decodin’ r esugﬁa 1Rk iﬂnfm%e&%tﬁ's&?e%om@a@ drhdRRei NaSatdnaaehzani zati an

codes occur; squarer for the departures between said first and second
esti mat ed syimsafficient NTSC co-channel interference to cause uncorrectable error in the output

15  signal from the data-slicer 22 and that is in 1ts 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 frames in the NTSC
co-channe! interference, so that the controller 28 ¢an withhold supplying the third

20  state of the multiplexer 5261 control signal under such conditions.

The multiplexer 3261 is conditioned by its control signal being in its third
state to feed back the modulo-8 sum results of the adder 5262, as delayed 718,200
symbol epachs by the delay device 3263, to the adder 5262 as a summand. This is a
modular accumulation procedure in which a single error propagates as a running error,
95  with error recurring every 718,200 symbol epochs. This symbel code span is longer
than the span for a single block of the Reed-Solomon code, so a single running error s
readily corrected during Reed-Solomon decoding. Runmng errors in the postcoded
symbol decoding results from the postcoding comb filter 526 are curtailed by the
multiplexet 5261 bewng placed into 1ts first state during the entirety of each data

30  segment containing field sync, as well as for four symbol epochs at the beginning of



decoding results) for devel oping squarin' results as an absol ut Qq@gpqﬂgpf
those departures; a neaxt averager for generating the nean aver?g sal d
squaring results; and 10 a threshold detector) responsive to said nmean
average of said squaring results exceeding a prescribed threshold val ue for
cnditivaing said nmultiplexer for selecting said second estimated synbol
decoding results to generate said final synbol decoding results at tines
bet ween those tines when said synchroﬁ?%ation codes occur, and ot herw se
condi ti oni ngastadata segment. plexe thif amusksiend ing isdirst stits ke LstipM@ELSheynbol 1
~ decoding results enerate said fipal,K synbol decoding results at tines

to, d
bet ween t hod&8PPfIVES %gﬁmg‘éi%“@&/ﬂ%PHHP%‘&F’FF%“%()TGE%S peelied fromamemamay 2. . 00~
-45 b The dijgitetlont:&l &S TAR irRi0d0@ 086 o | ., furcl:er
conpri s~ng~ lt rel Ioinsf ‘decoder g;ﬁrocuﬂornf?rq?ég%yriﬁggét%g% %Lﬁ'sih?ﬁﬁ%ﬁ decodi ng
resul ts far nydrigestridagl oupersignt mlsaoongog eoor. dieativiguresintdes bt ng
Reed- Sol ormréltefcgcoder circuitr sponsjve to bytes_of said inner

re - . .
error-corre ﬁeciLl‘régé‘EIFWf‘$eeéﬁ?¥‘§ *Far “\g‘gﬁg}‘%& i aaﬁle?‘_‘té‘t“rséﬁ”%'ér rection
decodi ng re%spﬁ.ap@-suirmtﬁngtﬂe%hm&a& RYLIEOD SbORR! ruhSAgEMETingRd forth in
claiml, wherein i~t is at least two. The digi tal television signal

recei ver setmldplexeri3A6k putpwh signat. udewemer,dbrputnisred tines thewdntor yecitsrin that
determ ni ng whet her. or,. not saigd.¢ca-channel nterfe”ng anal og tel evision
signal is CL?FP%CIEI ﬁéw%rfbygul}‘?tﬁﬁ?{ej P level as to give rise to error in said
first estimated synbol decoding results, for providing a first indication

when sai d co- chaflheFIGUREIT T $Qgejeniwhegmibdilay 530 suppsdsgalll deshodelagbds r >sned
not to be of su~cient level as to give rise to error, ~n said first

esti mat é8 c s S)‘é&?ﬁ’éﬁdd@ ‘?SQSWt‘%?“%%W&F“Wbmnﬁh‘ﬁﬂfzg‘%ﬁanq ndi cat i on
when said C‘B?ﬁi?ﬂx??uls‘eﬁtaﬂ){eﬁ%k E\Sag?e:élﬁggglltﬂ?el EHoduRRon 2R LeheARdH[RLM ned to

be of sufFt; vel 'as to gl to error 1n sald fi1fst estimated
syrubol decoegpagenessudldsTV andzondl simahreaiidg pelses- ElEsmatifactseredei on

Current 1) sepsETRGEeTRLY BOPPAEaY < 610 feny L 2SR PrPetels i mat ed
symbol - decodh g J.Fakstoftifad i@ hri ASNEEAlthd HdSREhtent of the analog TV signal that
15 does not change over two frames, getting rid of such very siationary patterns
wrespective of theur spatial frequency or color, Artifacts of all analog TV color bursts

are suppressed in the NTSC-rejection comb filter 520 response, too.

Oune skulled in the art of television system design will discern other properties
of correlation and anti-correlation in analog TV signals that can be exploited in the
20 design of NTSC-rejection filters of still other types than those shown in FIGURES 3 -
7. The use of NTSC-rejection filters that cascade two NTSC-rejection filters of the
types already disclosed increases the 2N levels of the baseband signals to (8N-1) data
levels. Such filters may be required to overcome panic'ularly bad co-channel
interference problems despite their shortcoming of reducing signal-to-noise for

25  random noise interference with symbol decoding.

FIGURE 8 shows a preferred construction of the muluplexer 261 of FIGURE
| in greater derail, together with the cirenitry for generating the ideal symbol decoding
results applied to the multiplexer 261. The multiplexer 261 comprises the output
buffer registers of read-only memonies (ROMIs) 46, 48, 50 for selectively reading 1o a

30 3-bit-wide output bus 2610 from the multiplexer 261. The multiplexer 261 further



final synbol decoding results at tinmes between those tines when saijf MAY 2003
synchroni zati on codes occur. 1~ 2 ~ r~a~r QO03 -46The digital telzvisvan
signal receiver set forth in clans 8, wherein said hrest-estimte-se!ectian
circuitry further conprises: circuitry for determ ning which of the
departures fromsaid first esnmated synbol decoding results of other
estimated synbol decoding results has ifig | argest absolute value) to
generate an indication of which other est~:nated synbol decoding result is
least |ikely PBPHYESmtursts busfendet foy ssledtdelyrorzacihs 19f 3-60-GHABRAEL: of a

interfering vision signal, and circuitry responsive to said
i ndi cati on o@mﬁ?‘%ﬁt‘g{s ‘e[r(ﬁé%?tf‘?fﬁg’éﬂEgmlngd%ﬁdﬂ igend ey rtibolaleendigast
Ly 22}

likely to berdsalieare 0ot gokmgdt Ths aiuth, Aslek baLtS h dnterfering
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error ovmqsng {ngglsgﬁjﬁggrgirpgrg@?gﬁgf g‘ésg-ugﬁ%fﬁcr‘f@%ﬁq HE¥ P EXi A anerd®! t el evi si on

signal, for dmendngrtsnls supiptled byndk daMEned: 2096 Qi Dk BSULL.S: times between
t hose tines cyvhen sai d synchroni zation cgdes o%éur.cgﬁ%l#{?gmg%yéﬂoél
tel evi si on sTGRUNS FERls Yappwaienplop the rstast dawnonfef 261t h he ewplesdc 191

circuitry f gi W i cazlier si | fromthe heterodyne between the
audi o and viqgse%ﬁcar rtiaglr\'gg%?croscg? cgbn-t%hcgﬁnﬁgldeieﬁ?éﬁ E"?‘f’ﬁ agbégw%tw%fbém si on

signal ; cir¥l3¢ yofebanndeinteefeieng: 8fof sudhhen@itidd dsyeles Rt uﬁéb(‘rﬁcianceerrﬁﬁﬂ{i er
Si ?naf @ceqﬁg ? 5 ?regojri bed | evel) f}gr fum shino an indication that said
co- chand€l iR SF5HP FYRPA Haf sipa resultoisupriigd & Shemtlata-ghast 23 uf feprsident thkevel ns
to give riseréceded §8fibdl Qe R I ' : ecodj ng result

gener at ed bg? sai d fyi%g st s?angxglrg%lgggrggf[?\é g%gﬁggrﬁy%?ﬁép&‘i’%ggyfﬁ%ﬁ?‘é‘ﬁi%‘?ﬁls~an

i ndi cation dhe tgestate ¢oa obiferal6es | nterfering anal og tel evision signal is of
insufficient level as to give rise to error in said first estinmated synbol
decodi ng 10 resu i,mat e-sel ection circuitry;

ﬁ%i'raurf% Wi trun, soatgdgge t%@sl . [
and circuitry which 1§ I} g?d@ﬁ%‘?rj@‘g’% © LA FYPIOLESEOARg resvE 2pRlicd tediechan. nel
i nterferingoapal B 362b @YhEHRE uRi OIS 46548501 DS Rk obeYEh: 85 40 g ve
rise to error in said first
5 address counter 54 for addressing tha ROMs 46, 48, 50; jam reset cireuitry 56 for
resetting the counter 34; the address decoders 60, 62, 64 for generaung read enable
signals for the ROMs 46, 48, 50; and a NOR gate 92 for controlling the tri-state buffer
2611. The address counter 34 counts input pulses received at symbol decoding rare
from the symbol clock generator 52, thereby to generate successive addresses
20 respectively descniptive of the symbols in one data frame. Suirable portions of these
addresses are applied to the ROMs 46, 48, 50 as their input addresses The jam reset
circuitry 56 resets the counter 54 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,

NS
Ln

tis preferable to configure the counter 54 so a group of more significant bits
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
jam teset circuitry 36; reduces the bit-widths of tnput signal to the address decoders
60, 62. 64; and facilitates the ROMs 46, 48, 30 being addressed by partial addresses
30  from the counter 54, reducing the bit widths of ROM addressing.



2 ~ r~AY 2003 -47estimated symbat decoding results for causing saifdPpgseC03
esnrnates currently to be selected solely fromsaid first estimted synbol
decoding results. 15 s MaY zno~ -48 1 |1, T he digital televisipn signal
receiver set forth in claimlO0, vrherein said best-estimte-selection
circuitry further conprises, circuitry for determ ning which of the
departures fromsold first estinmated syggbol decoding results of other
estimated cynbal ﬁcgﬁ;ng results has the | argest absolute value, to
generate an i ndi cat'f Yo Woreshdest henba sitdatateats o, shrcagl Behr esul t is
ceast |ikel ysdogheR€ard? , sand artifacts 4f co-cha, nncl
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epoch of a specified |length in tinme, N bein5 a posrnve integer, said stream
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est ~rna~ed symboThaROM Bdgoressddat s)mbwh dedodingasngte forvie askicodd adus ynbol
decoding results are Eos%;:ocl ed to corr?legt e respectiye matched filtering
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sai d 1 especi DKE B5hiFRsBFess WaliRk: SleCRARIOM AP WsbSuRTE uRlhAIARE: circuitry
for deriving interearrier signal fromthey hetefodyne between the audio and

vi deo cHt ri vemifiegnt Higs df eonesin St netpui; Atk addness dnadzo §4 respendssd tie gbymal ;

circuitry f tecting,. n the, | itude of such intercarrjer signal
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gener at ed bl aimbol pern dat segolenichosnapartionefdhe eddressisepplicd dy the address

counter 54 corresponds to the partial address of a start code group.

23 The NOR gate 92 receives the responses of the address decoders 60, 62 and 64
at respective ones of its three input connections. When ideal symbol decoding results
are available, one of the address decoders 60, 62 and 64 supplies a ONE as its output
signal, conditioning the NOR gate 92 to supply a ZERO response to the tri-state data
buffer 2611. This conditions the tri-state data buffer 2611 to exhibit high source

30  impedances to the bit lines of the data bus 2610, so the signal forwarded from the



!

furnishing an indicatian that said ca-channel interfering anal og tgke %qiﬂm3
signal ~s of insufficient Level as to ~ive rise to error in said firs -
esti mated synbol decoding results; 30, circuitry for detecting the

presence of synchronization codes in said stream of 2N-Level synbols, far
supplying indications of the presence of synchronization codes in said
stream of 2N-level synbols, and for supplying an indication of the absence

of synchroni I C I,n said stream of 2N-|level synbols; circni~try
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| east |¥kel gate-sliere G24 convents tixanespodshyf waV ES GirejedtamntidteoC20 0f ¢ Hntmgbe
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C26 of a third type. The prefixes A, B and C in the identification numbers for the

elements of FIGURE 9 are different integers which will correspond to respective ones

of the integers 1, 2, 3, 4 and 3 when receiver portions as shown in ones of FIGURES 3

25 -7 are employed.

Sy;nbol decoding selection circuitry 66 in FIGURE ¢ formulates a best
estumate of correct symbol decoding for application o the trellis decoding circuitry
34, selecting from ideal symbol decoding results, from the interim symbol decoding
results rece'ived from the data-slicer 22 and from the various postcoded symbol coding

30  results received from postcoding comb filters A26, B26 and C26. The best estimate
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forth in claiml2) furtrer conprising. trellis decoder circuitry r sfgcmfs Q
to final synbol decoding results far generating inner error-carrecttar.
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field sys_ctaondae J@@tc@mech?hePﬁwﬁﬁn f&*ﬁl%@‘é@ n{m 1g é{-:% Og% g field 10

a first synbol decoder generating Lust esti'nmat “esul t's
responsi ve tcﬁﬂﬁ‘éﬁfébléfﬁ”ém*ﬂwm\lsdnewél8 2Prsyoitsls haive aubd styred Of edoh Qyuﬁh ng
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anal o' 15 tel evision E‘F nal t han sai d stream of 2~ -'Level a’second
\4

synbol decod¥S19TBEHBRG ¢ideg-famecielaycan be ysasl for rerbizing e‘@ﬁdmser detays gener at i ng
second egti gB§Ld25yHREk | %ggodl ng results) said second synmbol decoder
including a first postcoding conb filter for supplying said second
estimated synbol decoding results in matched filter response to said first
conb filter respdhsbigh-energq demodﬁlmmﬁmﬁaﬁ@eﬁerﬁdad itk eSpoHO o GARRCEY
responsive to said, sec?nd conhb filter response for generattni third
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The remaining problem of suppressing demodulanion artifacts primarily
concerns suppressing those demodulation artifacts arising from frame-to-frame
difference at certain pixel locations within the analog TV signal raster. These

20  demodulation arnifacts can be suppressed by intra-frame filtering techniques. The
NTSC-rejection comb filter B20 and the postcoding comb filter B26 ciccuitry can be
chosen to suppress remnant dernodulation 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 to suppress remnant demodulation artifacts by

23 relying on correlation in the vertical direction. Consider how such a design decision

can be further implemented.

1f 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
30  advantageously chosen to be of types like the NTSC-rejection comb filter 120 and the
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25  respective even-level data-slicer followed by a respective postcoding comb filter.
While two additional parallel data-slicing operations are shown in FIGURE 5,
modifications to use still further parallel data-slicing operations can provide capability

for refining the best estirnate of correct symbol decoding result still further.

In preferred embodiments of the FIGURE 9 circuitry the symbol decoding

30  selection circuitry 66 selects 1deal decoding results es final decoding results when they
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U. S. patent application serial No. 08/821,945 filed 21 March 1997 and entitled

"USING INTERCARRIER SIGNALS FOR DETECTING NTSC INTERFERENCE

IN DIGITAL TV RECEIVERS”. The DTV signal, as converted to IF by the "front
25  end" electronics 10, is supplied to an IF amplifier chain 68 of quasi-paralle! type for

NTSC sound signals. The amplifier stages in the [F amplifier chain 68 for NTSC

sound signals correspond to siinilar amplifier stages in the IF amplifier chain 12 for

DTYV signals, having substantially linear gain and having the same automatic gain
contro} as the corresponding amplifier stages in the IF amplifier chain 12. The

30  frequency slclcctivity of the IF amplifier chain 68 is such as to emphasize respense
within 2350 kHz of NTSC audio carrier and within +250 kHz or so of NTSC video
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A variety of circuit arrangements are available for deriving intercarrier signal
by heterodyne between the audio and video carriers of a co-channel interfering analog
television signal. A number of such arrangements are disclosed in U. S. patent

application serial No. 08/821,943

30 FIGURES 10A and 10B show in some detail ¢ircustry included within the

symbol decoding selection cireuitry 66 for selecting final symbol decoding results



y@O% ()- & 10%4& ()-Rz{}[<1C 101 "10% ()-9!f1 28 MAY 2003
1096 HF H& ()91 f, 100%6HH&: () - Ff % 10964 () - ! f & 109%HH& () - f#10% () -{|} 2} KC
101 "1& 109%4& () - S310%4& ()-f109%4& ()-! S10%& ()- 9%A0%H& ()- 10 10t ndEKC
;Q(SIR!CYN%%&'()-&- 1094 ()- S10%4& ()- SYL10%4& ()- S310%4& ()-3: 10%4& () - R
10s-"10% & ()-"!fs-"109%f& ()-"!\s-" 100 H H& () - S3+10%& ()-!\$! 109 '
)-1y$! 10°/Iyy<%'éh- 1l A {\ = 10! 1‘0%/&'55“%-%10%«&'() o 1owv1(&')()-§!%AHH&(
10% (& () - 3 HEHRFOIY sorpsssmpbofias-eyLshoying howsERHMES: 10 A and 108 can be
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. PR € bottom of
5  FIGURE 10B and thence 1o the beginning of a cascade connection of data assembler
30, data interleaver 32, trellis decoder circuitry 34, data de-interleaver 36, byte
building circuitry 38, Reed-Solomon decoder circuitry 40 and data de-randomizer 42
similar to that shown in FIGURE 1. FIGURE 10 A shows circuitry similar to that
shown in FIGURE 8 for selectively applying ideal symbol decoding resuits read from

10 ROMs 46, 48 and 30 to the ourput data bus 78.

FIGURE 10 B shows best-estimate-selection circuitry for selecting final
symbol decoding results during time intervals when ideal symbel decoding results are
unavailable, that is time intervals between those in which data segment or data field
synchronizing codes are supplied in the DTV signal. The tni-state data buffer 2611

15  and the multiplexer 2612 of FIGURE 8 are replaced by tri-state data buffers 080,
A80, B80 and C80 in the FIGURE 10B best-estimate-selection circuitry. The tri-state
data buffer O80 is conditioned by the response of an AND gate 082 being logic ONE
1o assert the interim symbot decoding results supplied from the odd-level date-slicer
22 of FIGURE 9 on the output data bus 78. The tri-state data buffer A80 is

20  conditioned by the response of an AND gate A82 being logic ONE (o assert the
postcoded symbol decoding results supplied from the postcoding comb filter A26 of
FIGURE 9 on the autput data bus 78. The tn-state data buffer B80 is conditioned by
the response of an AND gate B82 being logic ONE to assert the postcoded symbol
decoding results supplied from the postcoding comb filter B26 of FIGURE 9 on the

output data bus 78. The tri-state data buffer C80 is conditioned by the response of an

[
LV}

AND gate CB2 being logic ONE to assert the posteoded symbol decoding resuits
supplied from the postcoding comb filter C26 of FIGURE 9 on the output data bus 78.
‘the NOR gate 58 of FIGURE 10A supplies its response to the AND gates 082, A82,
B82 and C82 as respecii\;c Iin'puts 1o each of them, so the fi-state buffers 080, A80,
30 B80 and C80 may be conditioned to exhibit low source impedances to the bit lines of

the output data bus 78 only when ideal symbol decading results are not beng asserted
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10% 5 data-slicing performed by the data-slicer 22. The output signal from the FIGURE 9

threshold detector 76 is applied as a respective mput signal to each of the AND gates

A82, B82 and C82, so the tn-state buffers A80, B80 and C80 may be conditioned to

exhibit low source impedances to the bit lines of the output data bus 78 only when the

NTSC co-channel interference is of sufficient strength to cause error 1n the

10 data-slicing performed by the data-slicer 22. The output signal from the FIGURE 9

threshold detector 76 is complemented before being applied as an input signal to the

AND gate 082, so the tri-state buffer 080 may be canditioned to exhibit low source

impedances to the bit lines of the output data bus 78 only when the NTSC co-channel

interference is of insufficient sirength to cause error in the data~slicing performed by

15  the data-slicer 22.

Consider now how selectior: 1s made among the postcoded symbol decoding

results supplied from the postcoding comb filters A26, B26 and C26 of FIGURE 9
when the output signal from the FIGURE 9 threshold detector 76 is a logic ONE,
mdicai:ing that the NTSC co-channel interference is of sufficient strength to cause

20 errorin the interim symbol decoding results supplied by the data-slicer 22. The
postcoded symbol decoding result that departs most from the interim symbol decoding
result in absolute terms is presumed to exhibit such absolute departure because the
comb filtering used to achieve that postcoded symbhol decoding result has been more
effective in suppressing the NTSC co-channel interference artifact than the comb

25  filtering used to achieve the other postcoded symbol decoding results. Accordingly,
the differe;xces between the interim symbol decoding result supplied by the data-slicer
22 and the postcoded symbol decoding results supplied by the postcoding comb filters
A26, B26 and C26 are determined by the digital subtractors A84, B84 and C84 of
FIGURE lQB. The absolute values of these diffarences are determined by

30  absolute-value circuits A86, B86 and C86, to determine the absolute departures of the

postcoded symbol decoding results supplied from the postcoding comb filters A26,
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simultaneously.

The FIGURE 10B best-estumate-selection circuitry includes dignal
comparators A88, B88 and C88 in addition to the tri-state buffers 080, A80, B80 and
C80 and in addition to the AND gates 082, A82, B82 and C82. The digital

10 comparator A88 determines whether the absolute departure from the interim symbol
decoding result of the postcoded symbol decoding result supplied by the postcoding
comb filter A26 equals or exceeds the absolwe departure from the intenm symbol
deceding result of the postcoded symbol decoding result supplied by the postcoding
comb filter B26, supplying a logic ONE if it does and a logic ZERO if it does not.

15 The digital comparator B88 determines whether the absolute departure from the
interim symbol decoding result of the postcoded symbol decoding result supplied by
the postcoding comb filter B26 exceeds the absolute departure from the interim
symbol decoding result of the postcoded symbol decoding result suppl:ed by the
postcading comb filter C26, supplying a logic ONE if it does and a logic ZERO if it

20  doesnot. A digital comparator C88 determines whether the absolute departure from
the interim symbol decoding result of the postcoded symbol decoding result supplied
by the postcoding comb filter C26 exceeds the absolute departure from the interim
symbol decoding result of the pastcoded symbol decoding result supplied by the

postcoding comb filter A26, supplying a logic ONE if it does and a logic ZERO if it

25  does not.

In ;ercr for the AND gate AB2 response to be a logic ONE for conditioning
the tn-state buffer A80 to assert the pastcoded symbol decoding result supplied by the
posteoding comb filter A26 on the output data bus 78, the digital comparator A88
must determine that the absolute departure from the intenm symbo! deceding result of

30  the postcoded symbol decoding result supplied by the postcoding comb filter A26

equals or exceeds the absolute departure from the interim symbol decoding result of
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the postcodmg comb filter C26 does nct exceed the departure from the interim symbotl

decoding result of the postcaded symbol decoding result supplied by the postcoding
comb filter A26. In order for the AND gate BS2 response to be a logic ONE for
conditioning the tri-state butfer B80 to assert the postcoded symbol! decoding result
supplied by the postcoding comb filter B26 on the output data bus 78, the digital
comparator B88 must determine that the absolute departure from the interim svmbol
decoding result of the postcoded symbol decoding resulr supplied by the postcoding
comb filter B26 exceeds the absolute departure from the interim symbol decoding
result of the posteoded symbol decoding result supplied by the posteoding comb filter
C26 at the same time that the digital comparator A88 determines that the absolute
departure from the Interim symbol decoding result of the posicoded symbol decoding
result supplied by the postcoding comb filter A26 does not equal or exceed the
departure from the intenm symbol decoding result of the postcoded symbol décoding
result supplied by the postcoding comb filter B26. In order for the AND gate C8§2
response to be a logic ONE for conditioning the tri-state buffer C80 to assert the
postcoded symbal decoding result supplied by the postcoding comb filter C26 on the
output data bus 78, the digital comparator C88 rnust determine that the absolute
departure from the interim symbol decoding result of the postcoded symbol decoding
result supplied by the postcoding comb filter C26 equals or exceeds the absolute
departure from the interim symbol decoding result of the postcoded symbol decoding
result supplied by the postcoding comb filter A26 at the same time that the digital
comparator B88 determines that the departure from the interim symbol decoding
result of the postcoded symbol decoding result supplied by the postcoding comb filter
B26 does ﬁoz exceed the departure from the interim symbol decoding result of the
postcoded symbo! decoding resuit supplied by the postcoding comb filter C26. One
and only one of the comparators A88, B8S and C88 (the comparator A88 in FIGURE
10B) is made to supply a logic ONE when 1ts two respective inputs are equal i1n value,
1o avoid a Li.ondition in which none of the tri-state data buffers A80, B80 and C80 can

be conditioned to drive the bit lines of the cutpur data bus 78 from low source

r1"s
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5 many embodiments of the invention other than the preferted ones specifically

described. This should be bome in mind when construing the scope of the broader

claims which follow. In the claims which follow, the word "said” 1s used whenever

reference is made to an antecedent, and the word “the" is used for grammatical

purposes other than to refer back to an antecedent.
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"10% & () - 3"yhOHs&agh having a symbol epoch of a specified length in ime, N being a positive

integer, said stream of 2N-level symbols suscepuble to being accompanied by artifacts

W

of co-channe! interfering analog television signal, said symbols being grouped into
successive data segments with respective headers of data segment synchronization
code, said data segments being arouped into successive data fields with the initial data
segment of each data field containing a data field synchronization code which changes

from data field to data field,

10 circuitry for providing a number M of unique comb filter responses to said
stream of 2N-level symbols, each said unique comb fllter response being less '
susceptible to being accompanied by artifacts of co-channel interfering analog

television signal than said stream of 2N-level symbols;

a plurality of symbol decoders for generaring respective estimated symbol

I5  decoding results, a first of said plurality of symbol decoders generating first estimated
symbo_l Egggang results responsive to said stream of 2N-leve] symbols, each other of
s;ig;luraliry of symbol decoders generating respective estimated symbol decoding
results responsive to a respective one of said M unique comb filter responses, which
respective estimated symbol decoding results are postcpded 10 complete respective

20  matched filtering for said respective one of said M unique comb filter responses from
which saiq respective estimated symbol decoding results are obtained, said other of
said plurality of symbol decoders including a second symbol decod?r for generating

second estimated symbol decoding results;

circuitry for detecting whether or not there currently is departure between said

25  first and second estimated symbol decoding results; and
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of said best estimates depending on the departures from said first estimated symbol

-

30  decoding results of other estimated symbol decoding results.

2. The digital television signal receiver set forth in claim |, further comprising:
trellis decoder circuitry responsive to final symbol decoding results for

generating inner error-correction decoding results; and

Reed-Solomon decoder circuitry responsive to bytes of said inner ervor-

correction dscoding results for generating outer error-correction decoding results.

L

3. The digital television signal receiver set forth in ¢laim 1, wherein M 15 one.

4, The digital television signal receiver set forth in claim 3, wherein said

hest-estimate-selection circurtry cornprises:

a multiplexer connected to provide the capability of selecting between saud

first and second estimated symbol decoding results for generating said final symbol

5 decoding results at times between those times when said synchromzation cedes occur;

circuitry for developing absolute measures of the departures between said first

and second estimated symbol decoding results;

a mesan averager for generating the mean average of said absolute measures;

and
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109% & () - 10948 seyorid astngsed'symbal0ddt &difd re@<h generate said final symbol decoding

results at times between those times when said synchronization codes oceur, and

otherwise conditioning said muluplexer for selecting said first estimated symbol
15 decoding results to generate said final symbol decoding results at times between those

times when said synchronization codes oceur.

-

5 The digital television signal receiver set forth in cleim 3, wherein said

best-estimate-selection circuitry comprises:

a multiplexer connected to provide the capability of selecting between said
first and second estimated symbol decoding results for generating said final symbo!

5  decoding results at times between those times when said synchronization codes occur;

a squarer for the departures betwesn said first and second estimated symboi
decoding results, for developing squaring results as an absolute measure of those

departures,
a mean averager for generating the mean average of said squaring results; and

10 a threshold detector, responsive to said mean average of said squaring results
exceeding a prescribed threshold value for conditioning said multiplexer for selecting
said second estimated symbol decoding results to generate said final symbol decoding
results at times between those times when said synchronization codes occur, and
otherwise conditioning said multiplexer for selecting said first estimated symbol

15  decoding results to generate said final symbol decoding results at times between those

times when said synchronization codes occur.
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generating inner error-correction aecodma tesults; and

Reed-Solomon decoder circuitry responsive to bytes of said inner

5 error-correction decoding results for generating outer error-corcection decoding

results.

7. The digital television signal receiver set forth in claim |, wherein M is at least
two,

8. The digital television signal receiver set forth in claim 7, further comprising:

cueuitry for determining whether or not said co-channel interfering analog

television signal is currently of sufficient level as to give rise to error in said first
estimated symbol decoding results, for providing a first indication when said

5  co-channel interfering analog television signal is determined not to be of sufficient
level as to give rise to errarin said first estimated symbol decoding results, and for
providing & second indication when said co-channel interfering analog television
signal is determined to be of sufficient level as to give nise to error in said first
estimated symbol decoding results; and, within said best-estimate-selection circuitry;

10 and'

circuitry responsive to said first indication for currently selecting said best
estimates solely from said first estimated symbol decoding results, for generating said

final symbol decoding results at times between those times when said synchronization

codes occur.
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result is least likely to be in eror caused by said artifacts of co-channel interfering

analog television signal; and

circuitry responsive to said indication of which other estimated symbol
decoding results are least likely to be in error owing 1o said artifacts of co-channel
mterfering analog television signal, when and only when said second indication is
concurrently provided, to select said best estimates from said other estimated symbol
decoding results so indicated to be least likely to be in error owing to said artifacts of
co-channel interfering analog television signal, for generating said final symbol

decoding results at times between those times when said synchronization codes occur.

10 The digital television signal receiver set forth in claim 7, further comprising:

circuitry for deriving intercarrier signal from the heterodyne between the audio

and video carniers of said co-channe! interfering analog television signal;

circuitry for detecting when the amplitude of such intercarrier signal exceeds a
5  prescribed level, for furnishing an indication that said co-channel interfering analog
television signal is of sufficient level as to give rise to error in said first estimated
symbol decoding results generated by said first symbol decoder, and for otherwise
furnishing an indication that said co-channel interfering analog television signal is of
insufficient level as to give rise to error in said first estimated symbol decoding

10 results; and, withun said best-estimate-selection circuitry; and

cireuitry which i3 responsive to said indication that sajd co-channel interfering

analag television signal is of insufficient level as to give rise to error in said first
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result 1s least likely to be in error caused by said artifacts of co-channel interfering

analog television signal; and

circuitry responsive to said indicaton of which other estimated symbol
deceding results are Jeast likely to be in error owing to said artifacts of co-channel
10 interfering analog television signal, when and only when said secona indication is
concurrently provided, to select said best estimates from sa:d other estimated symbol
decoding results so indicated to be least likely to be in error ewing to said artifacts of
co-channel interfering analog telewsxon signal, for generating said final symbol

decoding results at times between those times when said synchronization codes occur.

[2. Adigital television signal receiver comprising:

digital television signal detection apparatus for supplying a stream of 2N-level
symbols each having a symbol epoch of a specified length in time, N being a posiuve
integer, said stream of 2N-level syrbols susceptible to being accomparnied by artifacts

of co-channel interfering analog television signal, said symbols being grouped into

U

successive data segments with respective headers of data segment synchronization
code, said data segments being grouped into successive data fields with the initial data

segment of each data field containing a data field synchronization code which changes

from data field 10 data field;

10 a first symbol decoder generating first estimated symbol decoding results

responsive to said stream of 2N-level symbols;
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susceptible to being accompanied by artifacts of co-channe! interfering analog

15 television signal than said stream of 2N-leve| symbols;

a respective symbol decoder responsive to each respective one of said plurality
of unique comb filter responses for generating respective estirnated symbol decoding
results, which respective estimated symbol decoding results are postcoded to complete
respective matched filtering for said respective one of said unique comb filter

20 responses from which said respective estimated symbol decoding results are obtained;

circuitry for deriving intercarrier signal from the heterodyne between the audio

and video carriers of said ca-channe! interfering analog television signal;

circuitry for detecting when the amplitude of such intercarrier signal exceeds a
prescribed level, for fumnishing an indication that said co-channel interfering analog

television signal is of sufficient level as to give rise to error in said first estimated

[
v

symbol decoding results generated by said first symbol decoder, and for otherwise
furnishing an indication that said co-channel interfering analog television signal 1s of
insufficient level as to give rise to error in said first estimated symbol decoding

results;

30 . circuitry for detecting the presence of synchronization codes in said stream of
2N-level symbols, for supplying indications of the presence of synchronization codes
in said stream of 2N-level symbols, and for supplying en indication of the absence of

synchronization codes in said stream of 2N-level symbols;

circuitry responsive to the presence of synchronization codes in said stream of

2N-level symbols being detected for generating ideal symbol decoding results for said

[99)
La

synchronization codes;
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other than said first estimated symbol decoding result currently has the largest
absolute departure from said first estimated symbol decoding result, to genecrate
40  indications of which of said other estimated symbol decoding results is least Jikely to

be in error caused by said antifacts of co-channel interfering analog television signal;

a multiplexer for providing final symbol decoding results by reproducing a
currently selected one of a plurality of input signals supplied thereto, said plurality of
input signals including said first estimated symbol decoding results, each said other

45  estimated symbol decoding results and said ideal symbo! decoding results; said
multiplexar selectively being conditioned to provide said final symbol decoding
results by reproducing said ideal symbol decoding results in response 10 said
indications of the presence of synchronization codes in said stream of 2N-level
symbols; said multiplexer selectively being conditioned to provide said final symbol

50  decoding results by reproducing said first symbol decoding results, in response to the
concurrent provision of said indication of the absence of synchronization codes in said
streamn of 2N-level symbols and said indication that said co-channel interfering analog
television signal is of insufficient level as to give rise to ervor in said first estimated
symbol decoding results; and said multiplexer being selectively conditioned to

provide said final symbol decoding results by reproducing said other estimated

w
Ln

symbol decoding result that is least likely to be in error caused by said artifacts of
co-channel interfering analog television signal, in response to the concurrent provision
of said indication of the absence of synchronization codes in said stream of 2N-level
symbols, said indication that said co-channel interfering analog television signal 1s of
60  sufficient level as to give risc to error in said first estimated symbol decoding results,
and said indication of which of said other estimated symbol decoding results is least

likely 1o be in error caused by said ertifacts of co-channel interfering analog television

signal,
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generating inner error-correction decoding results; and

Reed-Solomon decoder circuitry responsive to bytes of said inner
5 error-correction decoding results for generating outer error-correction decoding

results.

14, Adigital television signal receiver comprising:

digital television signal detection apparatus for supplying & stream of 2N-level
symbols each having a symbol epoch of a specified length in time, N being a positive
integer, said stream of 2N-level symbols susceptible to being accompanied by arufacts

of co-channel interfering analog television signal, said symbols being grouped into

s

successive dara segments with respective headers of data segment synchronization
code, said data segments being grouped into successive data fields with the initial data
segment of each data field containing a data field synchronization code which changes

from data field to data field;

10 a first symbol decader generating first estimated symbol decoding results

responsive 1o said stream of 2N-level symbols;

circuitry for providing first, second and third unique comb filter responses to
said stream of 2N-level symbols, each said unique comb filter response being less
susceptible 1o being accompanied by artifacts of co-channel interfering analog

15  television signal than said stream of 2N-level symbols;

i

a second symbo! decoder responsive to said first comb filter response for
generating second estimated symbol decoding results, said second symbol decoder
including a first posteoding comb filter for supplying said second estimated symbol

decading results in matched filter response to said first comb filter response;
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20 a third symbol decoder responsive to said second comb filter respanse for
generating third estimated symbol decoding results, said third symbol decoder
including a second postcoding comb filter for supplying said third estimated symbol

decoding resuits in matched filter response to said second comb filter response;

a fourth symbol decoder responsive to said third comb filter response for
25 generating fourth estimated symbol decoding results, said fourth symbol decoder
including a third postcoding comb filter for supplying said fourth estimated symbol

deceding results in marched filter response to said third comb filter response;

circuitry for deriving intercarrier signa! from the heterodyne between the audio

and video carriers of said co-channel interfering analog television signa;

50 circuitry for detecting when the amplitude of such intercarrizr signal exceeds a
prescribed level, for furnishing an indication that said co-channel interfering analog
television signal is of sufficient level as to give rise to error in said first estimated
symbol decoding results generated by said first symbol decoder, and for otherwise
furnishing an indication thart said co-channel intertering analog television signal is of

insufficient level as to give rise to error in said first estimated symbol decoding

[FF ]
w

results;

cirewatry for detecting the presence of synchronization codes in said stream of
2N-level symbols, for supplying indications of the presence of synchronization codes
in said stream of 2N-level symbols, and for supplying an indication of the absence of

40  synchronization codes in said stream of 2N-level symbols,

circuitry responsive 1o the presence of synchronization codes in said stream of
2N-level symbols being detected for generating ideal symbol decoding results for said

synchronization codes;
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a multiplexer for providing final symbol decoding resuits by reproducing a

50 currently selected one of a plurality of input signals supplied thereto, said plurality of
input signals including said first estimated symbol decodmg results, said second
esnmated symbol decoding results, said third estimated symbo! decoding results, said
fourth estimated symbol decoding results and said ideal symbol decoding results; said
multiplexer selectively being conditioned to provide said final symbol decoding

55 results by reproducing said ideal symbol decoding results in response to said
indications of the presence of synchronization codes in said strearn of 2N-level
symbols; said multiplexer selectively being conditioned to provide said tinal symbol -
decoding results by reproducing said first symbol decoding results, in response to the
concurrent provision of said indication of the absence of synchronization codes in said-

60  stream of 2N-level symbols and said indication that said co-channel interfering analog
tetevision signal is of insuffictent level as to give rise to error in said first estimated
symbol decoding results; said multiplexer being selectively conditioned to provide
said final symbol deceding results by reproducing said second symbol decoding
results, in response to the concurrent provision of said indication of the absence of

65  synchronization codes in said stream of 2N-level symbols, said indication that said
co-channe! interfering analog television signal is of sufficient leve! as to give rise 1o
error in said first estimated symbol decoding results, and said indication that said
second estimated symbol decoding result is least likely to be in error caused by said
artifacts of co-channe] interfering analog television signal; said multiplexer being

70  selectively conditioned to provide said final symbol decoding results by reproducing
said third symbol decoding results, in response to the concurrent provision of said
indication of the absence of synchronization codes in said stream of 2N-level
symbols, said indication that said co-channe! interfering analog television signal is of

sufficient level as 1o give rise to error in said first estimated symbol decoding results,
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75  and said indicauon that said third estimated symbol decoding result 1s least likely to

be i error caused by said artifacts of co-channel interfering analog television signal,
and said multiplexer being selectively conditionad to provide said final symbol
decoding results by reproducing said fourth symbol decoding results, in response o
the concurrent provision of said indication of the absence of synchronization codes in
80  said stream of 2N-level symbols, said indication that said co-channel interfaring
analog television signal is of sufficient level as to give rise to error in said first
estimated symbol decoding results, and said indication that said fourth estimated
symbol deceding result is least likely to be in error caused by said artifacts of

co-channel interfering analog television signal.

15.  The digital television signal receiver set forth in claim 14, further comprising:
trellis decoder circuitry responsive to final symbol decoding results for

generating inner error-correction decoding results; and

Reed-Solomon decoder circuitry responsive to bytes of said inner

error-correction decoding results for generating outer error-correction decoding

wn

results,



