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(1) T o o B e TR "D ng
(tlmebase) is synchronized to a transmitter clock. This permits a
received signal to be sampled at optimum points in time to reduce
15 slicing errors associated with decision-directed processing of received
symbol values. Carrier recovery is a process by which a received RF
signal, after being frequency down converted to a lower intermediate
frequency passband (eg., near baseband), is frequency shifted to
baseband to permit recovery of the modulating baseband information.
20 Adaptive channel equalization is a process by which the effects of
changing conditions and disturbances in the signal transmission
channel are compensated for. This process typically employs filters
that remove amplitude and phase distortions resulting from
frequency dependent time variant characteristics of the transmission

25 channel, to provide improved symbol decision capability.

In accordance with the principles of the present invention, a
system for processing a received Vestigial Sideband (VSB) modulated

signal containing high definition television information includes a
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5 Figure 1 i,s a block diagramof a portion of a high definition television
(HDTV) receiver _ including apparatus according to the principles of the
"present invention. 10 Figure 2 depicts a data frane format for O/ABR 2002
nodul at ed it?gygg%?lgccor ding to the G and Alliance HDTV sypépgidsaishhie United
St at es. Fi§' r hows details of a digital denodul ator/carrier recovery
network in Figure 1. 15 Figure 4 shows details of a segnent sync detector
and synbol clock recovery network in &Fi gure 1. Figure 5 depicts a signal
wavef or m segmeént| sync (dedeatinma méiwiork iresppdsisgetatdrorabbfevimednét worly i n Fi gur e
4. Figure 6 spagws detfai | s of ‘3 conpensati on network for renmoving a DC

of fset i n*YHE BRI HE0ESt PBRMA™Hr ocessed by the systemof Figure 1. 25
Figure 7 shows details of an NTSC co-channel interference detection network
in the systemof Figure 1. Figure 8 shows a frequency spectrum associ at ed
with the 3 0 operation ofBrigfe Deetriptién iof fhegDvewing ~ 0 APi ~ ~~ WO

991 23815 PCT/US98121994 3 In Figure 1) a terrestrial broadcast anal og I nput
HDTV sfgnal is processed by an input network 14 including RF tuning
circuits and ag,l r i f 4 ; i di ng a doubl e
5 conversion tﬁlﬁg?é ?o?gegr@ Elél(%gglgﬁp% "f);g?ﬁ%{ng?%?lg%}} Jdglﬁaﬁgc}ry and

appr opr i atedevisiomndHDT Yaireceivat rintludigC)apparatus tascor’ﬂlfne%rtecﬁieled signal is a
carrier suppressed 8-VSB nodul ated signal as proposed by the G and Alliance
and adopt BENCHNey, Qf the (IHESH {R¥ENEO08t es. Such a VSB signal is represented
by a one-di nensi onal data synbol constellation 10 wherein only one axis
contains quanti zed data to be recovered by the receiver. To sinplify the

Fi gurg) not shBigurar® deppnslas daer frahecKomgtt e 4| V8Bt fidathtbd nggaganal

bl ocks. As described in the Grand Alliance HDTV System Specification 15

dat ed Apr afcorging) 9o ghe + GeandydpliancgnHRAEY | wyistesy dncthecUnitedsStatasa with a
prescribed data frane format as shown in Figure 2. A small pilot signal at
t he suppressed carrier frequency is added to the transmtted signal to help
achi eve carri efjdyek3 ahows/RtdifC AIfVar dighel eddrhodhlh@rfdagiiée récoRdgh data
frame conprises two fields with each field 20 including 313 segnents of 832
mul ti | evelnetwortkolis . Fignee fli.r st segnent

15
Figure 4 shows details of a segment sync detector and symbol

clock recovery network in Figure 1.

Figure 5 depicts a signal waveform helpful in understanding the

20 operation of the network in Figure 4.

Figure 6 shows details of a compensation network for removing
a DC offset in the symbol datastream processed by the system of
Figure 1.
25
Figure 7 shows details of an NTSC co-channel interference

detection network in the system of Figure 1.

Figure 8 shows a frequency spectrum associated with the

30 operation of the network in Figure 7.



of each field is referred to as a field sync segnent, and the remaining 312
segnents are referred to as data segnents. The data segnents ty‘%%alkﬁ)%q
"contain MPEG conpati bl e data packets. Each data segnent conpris a R
synbol segnent selnc character followed by 828 25 data sy Sosnpagh field
segnent i nAWEB1Y four synbol segment sync character fol'owed by a field
sync conponent conprising a predeterm ned 511 synbol pseudorandom nunber
(PN) sequence and three predeternined 63 synbol PN sequences) the niddle
one of which is inverted in successive fields. A VSB node control signal 30

defi ni th SRB..synbol tell.ati i foll | ast 63 PN , 80
,(A\PeR I~B:oggv\o Sgﬁsg‘}g‘\{’ﬁc% Babites wi%ip%@siﬁﬁée ‘?go JAPEG ﬁﬁ?’o?ﬁsg&ﬁ)eds by 96
reserved ?ga%akéd Y ad 2inpaiQtwopO Ride thdib @kt RE angx%oam-%ehqci &pnti nui ng

with Figu t he "passband | F out put signal” from nit 16 is converted to
an over sanpieemediage t faequeneyo(IR)apestessaml by irmdudingl agdoubldi gi t al converter
19. The out put oversanpl.ed digital dat stre%mfrom ADC 19 is denpdul ated to

basebafd EPNREFSIMY tHPéTiplf%‘i RIRARFINE a8t IFc Rassbapd gy signalt idk 22, This is
done by a . Qi Sg.:lk.0 I N n t Ne Sk reference
pilot 10 c%gﬁﬁpégdt?nélﬁhréﬁpgcg?'l\k}egg@gﬂ ggt@iad t?iggﬁwuﬁﬁ? ‘%ﬁ%ﬁ%d%@él an out put
| phase denpdaulcarger syppressathiBaySBeamodidatdessighileds i propbeed &y dieg ai | wi th
regard to Figure 3. ADC 19 oversanples, the input 10.76 Mynbol sl sec VSB
symbol 15 Crandsptliancevand, adoptedoior\pse inmha Umnited) tages. i Such a¢ YSBe t he

i ved | . i di 2 | es/
Gat ast r et By s eieskBELCY B' OGN ALt dll BRATEDIER “uital iR °F oe¢
synboli s anph&relinoady o akis @gntaind laantizwin dayarioe| bdyesovered Kprhe sanpl e

per synbol) synbol based processing, produces 20 advant ageous operation of
subsequentreg¢iyeml Tor sepdify nder Biguee.onat shewn aare osignals stowi eloeking the DC

conpensati.gn _unjt, 26 _ar nterference detector 30 for exanple) as wll
be- di scusé@a‘?&ﬂgeéio%Pﬁ?@‘gnWtﬁﬁo%C 19 and denodul ator 22 is a segment sync
25 and synbol cl ock recovery network 24. Network 24 detects and separates

the repetitive data segment sync conponents of each data frame fromthe
random dat a. Ths sleseribad &y rtbe Gramduddiance HEJ S ystemaSpeaifieation phased

21.52 | ock, whi ch, i eq t ntrol .the datastreams ol sagpling by
analod 3o GAES 1 APILcHyeToh the' S eiemitslGa GHobih SO 54 BB on i h
Figures 4 et Kk 3 in- Fi apt u uses an
abbr evi at e%rﬁ}\?\%rgﬂ;gbgﬁacgﬁ Irn(gl gﬁnﬁpﬁ%? lgﬁa/ﬁclg Sgéhtrg(rjzr? gngﬂggsggixgt ed two

synbol dat signak ra¢! thieosuppresisstde carridre freqgameyt is yaddedAt®@Cheomaasmattédn uni t

26 uses an adaptive_tracking cir cu.ii t to rwe 5 f ronktihe,dermdul ated VsB
signal a D¥gBRK &ythelp AsBIcYRt cattier d8ck B i rerggney. Referring to

Figure 2, each data frame comprises two fields with each field

20 including 313 segments of 832 multilevel symbols. The first segment
of each field is referred to as a field sync segment, and the remaining
312 segments are referred to as data segments. The data segments
typically contain MPEG compatible data packets. Each data segment
comprises a four symbol segment sync character followed by 828

25 data symbols. Each field segment includes a four symbol segment
sync character followed by a field sync component comprising a
predetermined 511 symbol pseudorandom number (PN) sequence
and three predetermined 6.3 symbol PN sequences, the middle one of
which is inverted in successive fields. A VSB mode control signal

30 (defining the VSB symbol constellation size) follows the last 63 PN



conmponent, as will be discussed in connection with Figure 6. Unit 28
detects the data field sync conponent by conparing every recei gngthz&z
segment with an ideal field reference signal stored in menory in th
receiver. In addition to field synchronization, the fiel jhgnal

provi des a“iorggfz?‘ﬁlﬁg signal for channel o equalizer 34. I\ﬁ-@ﬁi@%{z?ﬁ?er ence
detection and rejection are perfornmed by unit 30 as will be discussed in
greater detail with regard to Figures#7 and 8. Afterwards, the signal is
adapt i vel gequpnabi adchyiscfiolhoweed dyud6i reserdetl whinbblsTapdop2r fbéle a ~ 5
conbi nation of hlind, training, and decision-directed nodes. Equalizer 34
may be of CPH’édt?@é“d@chNYé%“ﬁ rﬁleﬁl‘i’re Grand Al liance HDTV System
Specification and in an article by W Bretl et al., "VSB Mddem Subsystem
Design for Grand Alliance Digital Television Receivers,” |EEE Transactions
on Consuner El €chtianings witluFligirel993he FawsbandelF dutphts@igimy faemof the type
described in a _copendi n%ﬁiliJS Patent 20 application Serial No. 09/102, 885

filed Jundndz 161 pmgogresipd o ap grversampled,digitalgsymbel «laastiesm dwt ect or 30
i d t : 6 dat ast
, Sooncorehs! g SATLALSO T DBUERRIY St oo oo

sui tabl e dawssean iffgn NAD@Y (N denmidaimied aosbagebahd ByhandaRWdip#al 25
Equal i zer 34 corrects channel distortions, but phase noise randomy rotates
t he synboldesmdsdator/seirinT. reueysey tneswRr 2neTisr ks 3pna~bgPam~@0l~D~-ET WD

991 23815 8,.0.. APR, 2002 RCTI| LUS98121994 6 r ves t resi dual ..phase and gain
noi se in tqﬂ%lt@up ft° i?ﬂ%l Hforpoﬁ?er&g%qq%eg) 34 Sf‘}?@fﬁ eﬁﬁncﬁhﬂ’slgpnpi se which
has nep beakriteiRVAR Reeihed MIE edlitidreadt. Ualt DECAMRIYed HnVRhlput NI-F €sponse
to the pilot signal. The phase corrected signal is then trelli's decoded by

unit 40, d¢haSeidempdelatedi syynholi datpgire®peds Sdessnibedein ogreaterr detagld by uni t
44, and des.cganbl e‘g éggi-ran om zed) by unit 46. Afterwards, a decoded

dat ast r eaVit8 CEATELP B alidi 0, video and di spl ay processing by unit 50.
10 Tuner 14, |F processor 16) field sync detector 28) equalizer 34, phase
tracking loop 36, trellis decoder 40, de-interleaver 42, ReedSol onon

decoder 44 and AB€cifnblVesariplesathee iqpudy1@.76 cMsymbols/sdve ViSPesydaisalr i bed in
the Grand Al liance HDTV Srgls%gg{gﬁgeci fication of April 4) 1994, and in the
Bret| et datastegam yigh ndli beArRPlRg ok sl-a.5 twice Ahe deseiveder f or ni ng

the functi f it are Cp@%vio | Réd I it 22 is
performed by a‘ﬁ a %’d@&%&f%&?gﬁg igx\ﬁ gés&g%%et ro "?%Pgsa é%)g)?%wachi eve
carrier redfusteam Withptes esariplen peedsyntlsgl. RS ukdeofpsich toeneanpld as a
reference for initial acquisition and _a normal phase detector for phase

acqui si ti oPer hEmbsl| sampleyhased sprocsEdnd rather hthane sgmbod-byasymsbekeam whi ch

contai ns data i.biting d hsesd i r random data i s
essenti al | Y di g%@gger d)ee(g %imf)ﬁlg %Pgﬁibﬁgedaﬁlgg%gﬁﬁt E%Od;glleargr%dul ator APC 25
| oop. 2he ddvafitagdadbeperativn iofppibseqad signalDprokRssifga fieaiodaseband

signal with the center of the VSB frequency spectrumat 5.38 Mz and the
pi | ot conpsusbnas dire Lassegiated WithoD(Heomppesatigpuuniy a26a snd ESCs

dermdut ot SlEeiERr AFRE IO Rr SO A1 BT 9 SBTRRRE has been
frequency shifted down to DC
Associated with ADC 19 and demodulator 22 is a segment sync
25 and symbol clock recovery network 24. Network 24 detects and
separates the repetitive data segment sync components of each data
frame from the random data. The segment syncs are used to
regenerate a properly phased 21.52 MHz clock which is used to
control the datastream symbol sampling by analog to digital converter

30 19. As will be discussed in connection with Figures 4 and 5, network



, ~Q AP R 2002 WD 991 23815 PCT/ US98121994 7 Figure 3 show details of digital
denodul ator 22. The 8-VSB nodul at ed, oversanpled digital synbol datastream
from ADC 19, containing the very |ow frequency pilot conponent) is applied
to 5 inputs of a Hilbert filter 320 and a delay unit 322. Fi 80eAPRB26)2
separates the incomng |IF sanpled datastreaminto "I" (in phase) and "Q'

. (quadrature phase) conponents. Delay 322X exhibits a-delay that matches the
del ay of Z2Htldderantdgebtiely B3, armhabbieviatedQvemsporbehcorratationotedemmcepdttsgaband
usi ng conpl ex nultiplier 324 in an APC IOOJ(o. 10 Once the loop is

synchr oni ?Sﬁwtﬁattﬁm symbe detarpeelatontq detect dhpisegmad yafd si gnal .
The output | datastreamfromnultiplier 324 is used as the actual

denodul ator output, and is also used to extract the pilot conponent of the

recei ved dat asADonsiengatiow units 26fuselsedn 3d8ptivid1eratkingUdirdditled psrhbeam from
multiplier 324 is used to 15 extract the {)hase of the received signal. In

the pRasdremnthegiemedwatech¥SB sigaalp B pitset icgmpanent siuental theppilatrsignal ar e

ti [ i 8. FEil 3 d,328
o o Ny qui iR S8 it 2 HsBGESed I bEhestioh, A Bl By Tt 28Ry 4
‘Mz, and dte flﬁl@‘éi/ﬁled:ohﬁbd@iﬂ? E6VRpaiagdvebpretdived datd S&grenBwitiiaha
downsanpling by units 330 and 332. lI?he ownsanpl ed Q si gna? is filtered by
an aut onddeal figld qeteseyce signebstqrag @) mMempey irgt® resfeivar. §n bdditiongto tigld Q

[ | i Lit. | it b Lt 338 t d .the, d '

" equi remePeRi s Ton 1B i &Yk iena] Prekiies HlIEEURE FidHA PR FuAE anc
correets ddiplipsrags, difference between the | and Q signals applied to its

i nputs) and devel ops an out put phase error signal which is filtered by an
APC filter 344, eg., a second order |ow pass filter. The phase error

detected by uni 40 represents a, frequency..di fference between the expected
WO 991 23815 8%{-% pter |%38?%@@46@'5@%?0%iag%arepfpf@&aetwcynﬁ apillang
t he recei Tl i f : t { j hl ' hi bits

- expoct S Pe el Siaater AU WRH robicd RERGRRR, Yo, Rnatlibis e 11

The | andighallisuadeptipelly aquatined bgrdraninepetjualizep B ovHieti etdyooparate W &l

exhi bit no deviation from a_nutuall uadr at ured‘[/)hase rel ati onshi p, whereby

A LT y, qua ! ,
phasd 5detGpbipatian of iade t2ining e AR Slecifien-dirested, moagdes pagalizar 34 mart brit

si gnal . i i Ll Qt: . Si Lbi r .

fr equenc%} ‘”@Egﬁlaﬁic{eséggeéﬁrﬁh%ﬁgaﬁgéﬂ gar?)%ég@?@ﬁlé% Pérﬁ%pg&m%%;negﬁcﬁ fnllgﬂ an
addi t i onartipleatse Wl Bietl engle, H¢sRBddodemeSUbsyutefd Dbsighcior @raat Aliigmed s
applied to the_i nputs of phase detector 340. Detector 340 produces an

out put erigital helgkisian Respivaese” {REE fransacsioas At Eenswrer Electonics, Avausid

hase err i : L i I , jnter 46 to
Beeount 1o ENRIzEt STtk by BAbMDeRPRERsEHogn n Bep B RRLE Rhssias
oper abes aplpliddtidr S¥rial N6h© W 10RI88BFilddUene PH11BIS 46 SHuaePlal.ethd Butput
control input of NCO 348, which locally regenerates the pilot signal for

denpdul atdatgstream feersi datgcty Iindonwesenvated3aa pnelsadudesymbaddiOckSi ne
| ook-up t,abl e r rnegenerating.the pilaot tgne_at correct phase i
response @5"?’%8{32?1%@ @%EB%?W Fgfod&& %Lfag'?ﬁeﬁﬂlﬂt ﬁé“hg?wé‘ﬁﬂn?iﬁr '%‘h@?aﬁﬁ%
out put's. cafccblﬁ@n%ﬂ@d ¥yea SARABRI dAnEaHbling MRtivoROthQR SHARAto MR 11
mul tiplier 324 cause the phase error signhal' produced by detector 340 to be
subst ant idkBYWNgAS zero, thereby indicating that a properly denodul ated
basehband | signal is present at the output of multiplier 324. In digital
dermoddl at or 22, the main si gnal processing engine essentially conprises
el enents 336, lizet494 RBF i ' i j y units
530 ond 335 ad%vantlégeousl yeg,g%ggmﬁel%létﬁﬂoﬁﬂvﬁlﬁaﬁiﬁ’ééé‘ﬁoﬂé‘?Eh&‘@rﬂlyb

rotates the symbol constellation. Phase tracking network 36

AMENDED SHEET



WD 99123815 .3 0 APR 2~ PCTI US981 21994 9 denodul at or processi ng power and
hardware and permts processing efficiencies by allow ng APC | oop eIA} w
336, 338, 340 and 344 to be clocked at a lower clock rate) i.e., k:]'Y ge
21.52 MHz/ § Orgfb' 9 Miz clock instead of a 21.52 Mz cl opdgusthgaives di gital
si gnal pro%vé)?g 1 (DSP) is used to inplenent network 22 and the phase
detector loop in particular, the described data reduction results in
software efficiencies by requirin pﬁoporti onally fewer lines of

i nst ruct i WMavsdether sesidyed nphase BIB% ged hioiee ducthes oatputnsigealafeirthabl e f or
ot her signal .procgssin urpgses. Wen applicatjon specific integrated
10 ci rcui?q"takéf"f:?’e'slqﬁggﬁng opc}fzﬁfil E?féﬁtwﬁﬁpmg%k “?E,EQ%I pYed Riicti on
results igper I i )] duced

ot egr at el o P e P e B e T he

pi | ot conPbaepttase ocaredvited esignal risethenetrellisr dpcaded byptmigs4d,ede- f or war d
processi ng rat her, t han nor omld gated 15 and time consu(m f eedback
processi ng‘t?fg?%vg?ds VcB?“d%:g’i gegﬁ'éé?‘é‘pnﬂoﬁeﬁ%{ﬁﬂ%ﬁ I““éthggné]“ddat astream
'S 3PPl Chodda MBI e SRS YBPOlnit | 6K ARGYREY, UNidecsdedtS ShOWN I
detail in Figures 4 and 5. When"the repetitive data segnment sync pul ses are
recover edd2fasfrearm isheubmottdmtalavaipavideonand displayepeicessingabgstnieam t he
segnent syncs are used to achieve proper synbol timng by regenerating a
properly Aased 21.52 MHz twice synbol rate sanpling clock for controlling
the sanpling operation of analog to digital converter 19 (Figure 1 ).
Figure 5 depicts a portion of an eight 25 level (-7 to +7) data segnent

Wi th g associ ghsst $80MBNprosgssor Q) fikd SyMSRictartod aBsed:ﬂgenmani al

br oadcast signal in accordance with the Grand Alliance HDTV_specification.

The segrephasgy frackingileopt3q.ntreBisgidenodry 40, dlgcimteriaayes ettheReednd occupi es
f | int . .Th } fined by. a patt 1-1-11
Cor respongotmpl Geies, A aaR CBERMmBEreS SpalP ey Kefullf 6Bk So) 7 om
+5 t0 -5. type YeberidddRir AR G¥andOAIR&e BOTV 3%%%}( frﬁlg eifiCatibye Jrour symnbol
i

segnment sync occurs every 832 synbols but is icult to locate in a
denodul at ¢prilss, didg#: anddiat thet Baeth ¢t nbeartisde aagentiangd abovendeimguitoi se- | i ke

charagteristic. To detect.the segnment 5 sync, unger e _conditions, it has

been ﬁ%nvéﬁ’ctP@ﬁagorppﬁiffe’fwgt g“%ﬁﬁ%“?‘}f‘& e'fﬂﬁfulqgt%é Irs%zﬁé?m‘@gh'dat astreamto

one i nput kq{?v@ndata correlator, and to apply a reference pattern having the
char

1-1-11 acteristic to a reference input of the correlator for

conparison with the denodul ated data. The correl ator produces 10
rei nforcenent consi ﬁﬁent with t r.ef erence ttern_ever

Rei nf or ced dat LI dnaR¥fimd 4t F m_&ﬂp Xc?}hlﬂllaldbgi¥%l§g€t€?‘§t‘nggl Wi th
10 1B oo USRS TSORISRY chhl ety ong et o, 0 sappear
r ecoveni ndoclegimodp s thatpilotncompenent as a reference for initial

acquisition and a normal phase detector for phase acquisition. The

pilot signal is embedded in the received datastream, which contains

data exhibiting a random, noise-like pattern. The random data is

essentially disregarded by the filtering action of the demodulator APC

25 loop. The 10.76 Msymbols/sec input signal to ADC 19 is a near

baseband signal with the center of the VSB frequency spectrum at

5.38 MHz and the pilot component situated at 2.69 MHz. The input

datastream is advantageously two-times oversampled by ADC 19 at

21.52 MHz. In the demodulated datastream from unit 22 the pilot

30 component has been frequency shifted down to DC.



15 manner are known, for exanple, fromthe Grand Alliance HDTV
specification and fromthe Bretl, et al. article nentioned previ (Eﬁ|¥P '&W
is herein recognized that although the segnent sync is generally fARR

to locate, _jt..i ?articul arly difficult to detect in thepefussmsessace of

mul tipath z’dog%éiﬁl ) conditions. Moreover, it is herein recognized that the
| ast two characteristics (anplitude levels) of the segnent sync pattern (-1
1) are easily corrupted by transm ssi‘on distortions such as nmultipath, but
that the first two characteristics of the segnent sync pattern (1 -1) are
significantly i Lfleu 5 Jof i j s' been
det er m ned tha@ggee% %?6"?#(13&1? %lgs(t?f 9%&2#‘%?1}%&32%8{3?% a@%ré'gtsllﬁgs (1 -1) of
t he segneniodsyaned pavessammed digitalipiyathol t Seystragm Cilohy ADO U™, in the sane
way, which makes the first two characteristics nore easily detected by
correl ati 6Pnt@HEAG; GGe¥eryTAQY frgquencydipiler ompangst.cif tappliedf & ence pattern

3 0 applied. to th I r teglil Nto.SYNG S preferably WO
99123835 ?%‘Hié’; gp@ﬁ%&ﬁ%@%@l 431§élégg"s'f‘?t o *ﬁ%rt d first two
pattern | guedrtes the Indoniiagh®F dahdiledydaAdskrdagt!linRAYer Gin! SYALS 4ok -1 -1 1).
Thus the correlator reference pattern preferably enconpasses only a two
synbol i nt'@"véquadsature Mhgsele compomnentsy dPdlaypd2 exhibitst addelayt theam from

denodul 2 (Fi 1 3) 4 i i gnal i f ph
dotect o Faschesy e dafiSs 35 H{herd fles” P20 B 288 °Oh e BBRRe &hal [ nput of
phase det gglafid 46 OodsBBRY QBN coRipléx Thitlfiplies 32 fn Gal @,p@rlbefr;.at i on

processi ng path including correlator 420, an 10 associated correl ation

r ef er @ce Quatet tren lgpmés ayochrodizedouht exitpuws of mafléiptinc S24nmuta of correl at or
420, and a seqQment iptegrator d accunul ator 424. rrel ator,, 420

essenti al IWW@%MQ? SR i%e‘ﬂ“ﬁ‘éﬁ& é%'@ﬁ'é?f‘lms m ‘ﬂ@itél?lé"ﬁce pattern
gener at or 0; { desath i YatSt X reviat.e rence pattern
1-1, ther%%ylsgég%degﬁi %l'%el ﬁ%ﬁltg L?eﬁluo%téargsalkﬁ}pl gﬁmcgsr ?g ag%ércpfrtl(gtmrk. The
si npl er r ekeaenahe ppiléte componkrts ©f | theergeeivedpdathstreamombing dowi pagshe sync
detection process, particularly in poor_signal conditions, because nore
stabl e, rdHterpped; F[pfhér pBPUS Qi gatagté&m Thsemg mudtiplery 32¢ sise 4564 tPess | kel y
to be,gonf if t f . Lns are corrupt. In addition) 20
cal cullgti oelrﬁ@fd’%e&l%y&gagrgr %f gﬁ%ﬁ%‘ﬁ?‘??@m ficantly reduced. The out put
fromcorrelator 420 is integrated and accunul ated by unit 424. A segnent

sync generator 428, including a conparator with a predeterm ned threshold,
responds to thdnothepphasefcamral lopp, ke dyand Q rantpyig signgbsgfiom sync at

appropriate fines Lh,the datastream cqrre in dat a,se9 t sync

i nterval s.m‘f’hipgf%cég‘} sar\ﬁhéeﬁp%tévei ctRRies: ?‘gﬂg% p?gsf mlg%éeaiga{@qevent s
(segment sysxc RIMRSArDBCERd 28 A Nquiste il iath feldersewdth. a Phdserf det ect or
410 conpares the phase of the se sync generated by unit 428 with the

men
phase 26X meqMCsegﬁmptermtdwpgaMH@ and tare providad 40 ex¢duee dber eam from
nit .8 Q APR 2002, 991 23815 .PCT| US98] 21994 12 22, .an rodyces an
(L)Iu![ put pha%‘gn%lr PGPg‘é’Pq\“fﬁaPlfmﬁ' htf’sg'elr %La a%é"ﬁ’éfmﬁpgngongg’gsﬁ élpgd by
automat i ¢ msg¥eg§6%an3ﬁﬁ@) Qf kighgr iéfftﬁltéx@dpB?%lPeau?orﬁhﬁé‘aﬂrecﬁ}Hngim e far

controlling a ol tage controlled crystal oscillator”(VCXO 436,
whi ch proveassolt (RFC) . fHRerVBE6.0Mftes afilperimgy thecQosignhbiis Abiplitede Thi s sanpl i ng

Zero by APBTHEA B3 SmBo @ AGHFe o dRPARS SRRy TeGURBSPI Slat this
poi nt ., sThe,gegmaate. H‘ugi4g.erﬁ{a§tee&1ct9é’to?”340 Ad%%ed@l cg\%g?.%g}g fHe {shagbher

decode?’ ci Peult S T e g automatic galn contro rcurts (not

shown) . 10dPesrehce tHeeweavthe doundc® signalsesspdikdc o ritseinpits,oandonponent i n
the received VSB signal, there is a DC offset in_the denodul at &md out put |
synbol dat develops damoutnwt prase cerransignat whichels filtepads byi aRedPla th every

nbol and . d b ion i ' f
P her o s A S B S SOHE OPRL W s IO hel Dhbid Uil derdeddd! OF ©
faci8| IVtS gt epyr %}ﬁﬁvgmm péprefemts yamBequaely diffdrehce dateepni the expedtedt 3 t1, of
an 8- si gnal .




Figure 6 shows details of network 26, which is essentially a DC tracking

f eedback network. The arrangenent of network 26 in Figure 20 6 is

‘advant ageously clocked at tw ce the synmbol rate to produce rapi d80 APR

elimnation of the DC conponent. This action pronotes raptausaRy®sgence of

the recei vYOBR¥FPts several int erdependent subsystens to rapidly produce

proper operating conditions for processing received video data for display.

25 In Figure 6) the oversanpl ed denodul at ed dat astream cont ai ni ng t he

unwant ed pidobfsignal frequemelyi mehrt DConmnd tiputrecHived gilot rdghdlve conbi ner 610.

An invert'hinfg1 i nput (-) of conbiner 610 receives a DC conpensation voltage

froma DC YeA§d -generator 61b 3 0 in response to a control signal

produced in response to the output of WO 991 23815 8 0 APR 20p2

PCTNS98I1 21994 13 conbi ner 610 as follows. The DC offset in the output

si gnal from colfbilrereédifed spipstogipmakiexhibitsatahe expdoted Hyequamdbagkaract i on at
nmbol rate oversanpling rate. This offset I's detected by unit

the twce_s 1 . DC
622 and c&%af\'é&? pBit336 rdHeprodues, necpliase shift. dhe I amd Qehgorels of

conpar at or..y624. i ndi i Lu it fi.the residual DC
of fset an ﬂ?’g cthsn% ﬁkiﬁgéucéwggtgﬁfag?gﬁg %gllrno#xg}?ﬁ{ o) d V&g
gener at or ffodfh. a Theutasily r Qhadragiral phaset uentioaskips %eﬂa&t @hatd6 to

increnental |y adjust the nagnitude and pol ari t}/ of a val ue which is
conbi ned wWetdstam348epiRANCEs e 268 LIt RRANECIPHiVElYyer phasss errcontpithues until a

steady state condill I i f ack action no further DC
val ue adj gknr?gn?go v?iérv%?’prlf;\;ilifg3&9%9/5%[°q65l§BXIGgg§$zﬁso?n 61118?%9 provi de both
posi tige FrdueREA! AR RaitC 39PeRHRpréduceah Usttass | sheR, T SWiliS sésan ghannel

di sturbances may cause the é ositive) DC of fset added at the transmtter to
vary such an5addigionsbtphage ditiesencgnbetwegat thee I cand & schainoel pélotes are needed

at the receiver. FiL.aure 7, shows, details o SC - nnel jnterference
detection s?‘%’lﬁi_)rﬂ?l’%‘gai ﬁo ﬁ"gdP_B“‘f_ oé\sph&epléﬁt%gﬁr i3%8t ﬁggt@@ﬁd#ﬁ | i ance HDTV
20 Systempppafdds aat beiput tdifod RaRfel o &R§forise] &F ithiAn PHEEH)%HE%&T the VSB

transm ssion system aré based on the frequency | ocations of the principle

components of the NTSC cochannel interfering signal within the 6 Mz
el evis!on chanel puand: L PoL S0 L P Eeoa Rl A ISD T SeehuEr fapeband,
o oeaor Y (PSRRI 0 (TSE0R I8, MobtshtnR sprwp TS, et
edge, the 330 and reB;esos that aNCiCe 348 ooprads it 581 . 52IMEizg e bhgat tdfe vi deo
carrier frequency, and the sound carrier |ocated 4.5 Mdz above the video
carrier frigtfspplajor 366 is applied to a control input of NCO 348, which locally
regenerates the pilot signal for demodulating the received
20 datastream. NCO 348 includes sine and cosine look-up tables for
regenerating the pilot tone at a correct phase in response to the phase
control signal from units 340, 344 and 346. The outputs of NCO 348
are controlled until thé I and Q signal outputs of multiplier 324 cause
the phase error signal produced by detector 340 to be substantially
25 zero, thereby indicating that a properly demodulated baseband I

signal is present at the output of multiplier 324.

In digital demodulator 22, the main signal processing engine
essentially comprises elements 336, 338, 340 and 344. The 8:1
30 downsampling provided by units 330 and 332 advantageously saves



WD 991 23815 .. ~0 APR 2002 PC Tl US98121994 14 NTSC interference is detected
by the circuit shown in Figure 7) where the signal-to-interference plus
noi se of field sync patterns is nmeasured at the input and out p@ﬂ(}{p@mnb
filter net \ﬁ)orsig 383 d these patterns are conpared w th eacpcpibsiiod
reference e 8 gnc pattern 5 enpl oyed for this purpose is a programred,
| ocally stored "ideal" version of th&orecei ved VSB signal field sync

[

pattern. In Figure 7, oversanpl ed de ulated | channel synbol data are
ool ed tdfmadftalsh Rspldsiingr e 5 BirdbiATG AR BRIty BIOGORSIRE ot 10

i nput of LatdRi&EXes dUGwindNA [ f SqHY 1 [ j.nes 720.
Comb filter c7I 0 1 ncludes g%gutﬁc?ég(tsl%réi %nﬁln?%ﬁh ﬁs)%)%t ?gé:ta\sﬁ%sggrg})egs del ayed
by del ay b¢ eheokied74dt4a flower tcheck rgteyf i.é., dairg 102 h§DAMER/$ oz0RBOAMHL hannel

synbol datastream  _Co ilLter_ 710 produces significant anplitude
attenuat i Blﬁfkdfls‘eﬁﬁqug?"{‘laé ﬁﬂ@lzhf’ld’ﬁk-l ReTepgdigital signal i prgeesset fr equenci es

not ed r et l.y. €L d f.Lhter i | i to a second -
i nput %f %ﬁfﬁ eg(s-ég ?43’%%3?%mfﬁt?v é)frrﬁ?eg é;‘heﬁ‘éné%%%?if%%faﬁ‘{d"&’gg%us| y
exhi bits paitubaipihe desaibeds datd |rebiectidr aeseled iauksfauest |y. 20 A

programed 21. S2 Msanpl es/sec (tw ce si;‘nbol rate) reference field sync
pat t er n i &ffiiengipedby reapirbg prapomsiopatlyr fewer lineg of rdasirnedenal s of the

recei ved str.e e déel renc tLern.,d pl.ied to an

i nput of toéj %W@E c%sng rglaﬁig? %&% g%d%a?%a%‘?{lwgttﬁﬁg&hﬁrput (-) of
combi nes {igRal Grabedsing grurpdsesi SWhenShi AplidatiofOFpedifit t Ritegrhbed and al so

i ncludes a del ay el enent i ch advant ageously exhibits a 24-sanple del ay.
The nk® woeitcuit ASIR)eis used toaimplement radwork 32, ethe dan, redwtiond t he
associated d Iagn net\/\or(rs%ri s_clucked at 21.52 MHz WO 99R3815 0 APR ~
PGTI US98RIGWALS 1 & Fefpite FEAre 04 POYED ATARHERER S 2D WEHit 3D conbi nes
720 represgicaat Meregldtb@r SipsEt DAIrMRAN atdle TRECHMABdAIagdd Sync pattern in
the input datastream and the reference field sync pattern. This error

si gnal i sadvamtageounly unses #R2 mied tompgnerteto achigvet cifer Aes@apd 5 error

signal prodyced at th t put of conbjnes 730 represents the, difference
et waen + ABUr CAOwY TerOrlaRUgH TSSETaInE dRier i ROt SOPMIGRED £l ¢ or 710,
and t r r e fi Y e : i | Yabdd ter 718.
Thi's TEcoditePHET cohfili/ FeedtAbk SARCIIARE NI SIck! RAomY &b, “Uni 724,
The outputs of units 722 and 732 10 represent the energy of the respective

error signals. The integrated output ai gnals fromi tggrators 724 and 734
represent the Jhgndemogplated tlocopbrel pAp@siipimelsc SRPUAE tF SEBBEDhconbed and

e e i§hy oihd bl WG UMAREY it HASRESHOYE! dy LD Sn RRBHR! o

energyrep e Signals are respective I nputs™of an energy

15 det ect ar an@ospawakAr the’ féhetitiviec Haospanes s Padsdst detesecdvered
integrated first and second error signals. The output signal from detector

740 i 20apdrémdthe random: deta ipagatn off she tepsizgdsdatagreasn, dheisi ng
mul ti pl exes 745

tQ provide_a t. f Lts input signals
whi chexhi TEIEhi GiTE? ﬁ'&a}‘?"t@)tgi g@“gvﬁkgéér‘ é?f%kaf?‘f%ﬁ* ’de 20 pl us
i nterferenggendthtifig Ih)?ﬁ:pleﬂyt PRasedse1 @2 MHRI twicansymBSC ra@- channel
interference the conb Tiltered output signal fromfilter 710 will be output
from nul t i sampling edeck dor icontraBingntthe samplingeoperatian sgfnisoplogatast ream wi | |
be out put c&irg]itg{]%ogggr%grc?9O{Fi§ﬁjr%hls.n{'ifagrufrg & rEi%gicts a portion of an eight
25 level (-7 to +7) data segment with an associated segment sync, for an
8-VSB modulated terrestrial broadcast signal in accordance with the
Grand Alliance HDTV specification. The segment sync occurs at the
beginning of each data segmenf and occupies a four symbol interval.
The segment sync is defined by a pattern 1 -1 -1 1 corresponding to

30 the amplitude levels of the segment sync pulse, from +5 to -5.



25 The use of oversanpled | channel data and field sync reference pattern
data together with the use of a 24-sanple delay in conb filters 710 and 718
"advant ageously produce full spectruminformation about NTSC co- c88nARR 2002
interference. This advantageously results in nore accur al;?r,ﬁg;g,gm

i nt erferengé’ga’ﬁﬁllﬁsi s and detection and 30 better conb filtering.
Specifically, the use of 24 sanple delays in 3 0 APR 2002 WD 991 23815
PCT/ US98121994 16 conb filters 710 anh@@ 718 with oversanpled i nput data and
corresponding circuit clocking results in a conb filtered frequency
spectrum whi ch_is not corrupted by phase and anplitude aliasing effects

whi ch woul d belly davc SYMBP! Fegmeat ynanogowssitevary 32 aymbais bus ishe 10. 76

Msynbol s/ 0 n hat,lcRd €0 filters 710 a 718 at the
10. 76 %yﬁgféyg@ch%‘{?ﬁ%gp ?a&é‘?gdl‘ﬂgt%fiegﬁﬁt F@wr%ﬁﬁgﬁa{“ sHBES gﬂ?ﬂ pr oduced
at the ougsut RaPfa eadorh] Inb@esliid chapsttdristid, STE h@sBcl &l @yhfen® and
includes two conb filtered full NTSC passband conponents centered about but

separ dt edsyncomnder zBeseHezonditionst éhas i beennoonyrigiomppauactte tthe i nterfering
hi gh ener NTSC frequenci as nenti,oned. Figure 7 illustrates one form of
an NTSC cg%‘hl nﬁlﬂ diem%mag?(gﬁcéﬁﬁ%’fegc%ﬁasﬁrmu i Qe elnPRERls a7dsta 724, 732,
734 and 74Grreld¥eVAId td5appIPeh fefBRAcO! pARERCAAingBeLE Used. Thus these

el enents may be represented by a four-input detector, i.e., a so-called

"bl ack bokx" ilherke tlhehatecteristic tomy referemasginputedd the omeelater for accor dance
with the requirenents of a partjcul gr ,system In such case the four inputs
are the tﬁ@@@@?%n’ﬁ?%d“ﬁv@’% ?@339 olfh‘? nffifedatos EEP‘&SﬁBi ner 720) and
the t o g@ﬂfg@ | SHHSed O Witk DiHRC e fedlhceM € pgg,of filter 710
to th%@i ngéjlg.l 0 Jggﬂ%i ner 7%0 be?lgg H|§arr‘t:1|7ecu caer Ipt;&ieir’rlgo?%kt Bg%he ar r angenent
of Fi gur esympobsduReimfarcetl edataf eeentsnane 2bcwpelatedirby an abownulatofi gure 8,

W t hout associ ated anplitude and phase corruption (aliasing) caused by

fr equency a&RSitaR p Wit dhet garrglaser. BRisHEIYRE ofandem | (\warreinkorBedld conponent
with the | d t p S Co ently,
cochannel c&rllytg[eartgglg eﬁg%%gg{recr f‘act)lt\b%bﬁse %m?:%t% g&ygg@%gﬁk%ﬁ%q 732, 30

734 and 746nd Scdwﬁeamunatveoﬂcbaforde&o@%ﬁﬁ% fgnentysyndatpligyihig WO
991 23815 3 0 APR 2ppZ PCTNS98J2199a 17 co filters wth 12-sanple del ays
proceb8i ngnansgutarg knoven, fareexgnpls. NEgmbhies Gsand Alkisace HBPIV I n the latter

case, anplitude and orrugtlion [ S,li oduced i .n the
vicinity 8?6%%%&%%)“@&’% {hﬁeﬁﬂ%tgefl aarg'd aﬁ%rﬁ‘ggggﬁ‘%ﬂ?r% SHent s
overl ap, when the 5 passband conponents are inperfectly nmatched and do not

cancel at such overlap. Such inmperfect matching is likely to occur under
si gnal channel Itcémdieréinneecogoizedi that mlthought the fegmentaspne.isThi s al i asing

generally difficult to locate, it is particularly difficult to detect in the
20 presence of multipath ("ghost") conditions. Moreover, it is herein
recognized that the last two characteristics (amplitude levels) of the
segment sync pattern (-1 1) are easily corrupted by transmission
distortions such as multipath, but that the first two characteristics of
the segment sync pattern (1 -1) are significantly more difficult to
25 corrupt. In addition, it has” been determined that even if the first two
amplitude characteristics (1 -1) of the segment sync pattern are
corrupted, they typically corrupt in the same way, which makes the
first two characteristics more easily detected by correlation
techniques. Thus in the disclosed system the reference pattern

30 applied to the correlator for detecting segment sync is preferably



condi tion reduces the effectiveness of NTSC co-channel interference
detection and is avoided by the disclosed system 14 18 CLAI M5 g 0 APR
2002 1. Apparatus for use in a systemfor processing a received Vi & ﬁ@ﬂaﬂiﬂ%

Si deband ( \4@BhosEeed!! at ed signal contai ni ng high definiti opcwuslsaigat a
represented by a VSB synbol constellation, said data having a data franme
format constituted by a succession ofjqata franes each conprising a field

sync composRtinRe&T B¢ ithe Arst! W@ ﬂattt%éﬁrpfled@lg a(als COPE N thef ?ﬁﬁa hﬁ)\{'oaqg an

associ at ed segnment sync conponent’, e apparatus conpri

denodul at diouf 2@itteresiesalsi (B t-0 sal d In)e@hug eghes c@réllatdrofe fBF @ ChAteerat
denodul at ed igggj; nmeans (430) for providi n? a correlation reference
pattern duRTEHI2RHGAAGOMBASIES PNEY & &0 SYmbRI gintervabrr el at or (420)
responsive to said denodul ated signal and to said 15 reference pattern for
detecting said segnment sync conponent; wherein said correlation reference

patter$ occupi da Fegwesyithe onésampled tdidpud Matdduwehfy Pémsynbols in said
segnent sync conponent. 2. A sgstem aqcordl.ng to claim1l1, wherein 20 said
segnent sydrmedilatoral2 (Fignres ek andup) 4§ mpplied noeppel signalninpsidi of correl ation

reference patte upi es, t f] S |, val u i n guence. (1,-1 ) of
sai d seg Séyﬁ%eggﬁp&gn “‘ﬂgﬁ’/i %‘ﬁ:’&ﬁ%%éﬁ%’ﬁeﬁt& V%%QO: Jﬂg‘? MhEY st em
according digngll ahpitlof WHAEE detdob 10 SQATRA! af Viiput HR b

characteri zlgrcli byﬁ;is(e)g\r?)eﬁt sync gattern 1-1 El1 l1ﬁgver a ff(‘)}hfd zdyrrbol

i nterval wiataecouelation poogessingt path dncludingsicpnredator e420,i wa anpl it ude
Ievelﬁ of sai d, segnent ls?’{nc cq%glponent' and sai correlation reference
PHQR ¢

d I
patte D cotmsPriated 1 gpirg CORHBRIGFR| §ERCTAPT 438 coupled to a

reference input of correlator 420, and a segment integrator and
accumulator 424. Correlator 420 essentially responds to symbol coded
data segment sync. Reference pattern generator 430 provides the
relatively simple, abbreviated reference pattern 1 -1, thereby

15 permitting the use of a simpler correlator network. The simpler
reference pattern is less likely to produce confusion in the sync
detection process, particularly in poor signal conditions, because more
stable, reliable information is used. The disclosed system is less likely
to be confused if two of four correlations are corrupt. In addition,

20 calculation time by correlator 420 is significantly reduced.

The output from correlator 420 is integrated and accumulated
by unit 424. A segment sync generator 428, including a comparator
with a predetermined threshold, responds to the output of unit 424
25 by generating a segment sync at appropriate times in the datastream
corresponding to data segment sync intervals. This occurs when the
accumulation of reinforced data events (segment sync appearances)
exceeds a predetermined level. Phase detector 410 compares the
phase of the segment sync generated by unit 428 with the phase of

30 the segment sync appearing in the demodulated datastream from unit



séquence (1,-1) of said segnent sync conponent. ~ 0 APR 2p02 4. A nethod

for use in a systemfor processing a received Vestigial Si debandé®V3?)2
nodul at ed signal containing high definition video data represent aZlisB

synbol constel |l ation, said data having a data frame fornpiyrpssgigii t uted by
a successi WP YWt a frames each conprising a field sync conponent
prefacing a plurality of data segnents each having an associated segnent
sync conponent, the nethod conpri si ny2t he steps of: denodul ating (22) said
recei ved %Basd qualduces pn odltpat zphdmdnsnlraslgnlalsrﬁnal erramdighal dg riemat i ng
(420, 430) sa g‘ dul at ed 5| usi rrelatlon ref erence pattern
produced h Eeégﬁﬂn? @Wc vﬁ?’gﬂgwﬁﬁﬁé? n fdligrq434 rteepeadusp #ef erence
pattern ogehpy @ﬁuhﬁaswm%mﬁgeavypztm gy%%r o?fedsgm Véf in said
segnent syfc conponent od accor erein said
segnent sysuillator efWEKO)o4d6,i sehiclf puovidysrivie ZIDSErMHzSov&@dm@hlng correl ation

reference pattern occupies the first tw synbol values in sequence ( 1,-1)
of said sé@’ﬁ’énﬁorsﬂﬁp é@np"@ﬁérﬁampémgngl%u?xlgp%mrowt imjag swherp the  ~ 4~

[7 . 5T ARoREE7ef13F - SEndl R Wbsiadbidlly 2efd BY APT 4cfioR® syt Anind 2 AYH

(clock) recovery is complete at this point. The segment sync generated
by unit 428 is also applied to other decoder circuits including
automatic gain control (AGC) circuits (not shown).

10

Due to the low frequency suppressed carrier pilot component in

the received VSB signal, there is a DC offset in the demodulated
output I symbol data from demodulator 22. This DC offset is
associated with every symbol and is removed by compensation

15 network 26 (Figure 1) before further processing. Removal of the
transmitted symbol DC component facilitates recovery of the
symmetrical symbol values, i.e., £7 +5 £3 +1, of an 8-VSB signal.
Figure 6 shows details of network 26, which is essentially a DC
tracking feedback network. The arrangement of network 26 in Figure

20 6 is advantageously clocked at twice the symbol rate to produce rapid
elimination of the DC component. This action promotes rapid
convergence of the receiver and its several interdependent
subsystems to rapidly produce proper operating conditions for
processing received video data for display.

25

In Figure 6, the oversampled demodulated datastream

containing the unwanted DC offset is applied to one input of a
subtractive combiner 610. An inverting input (-) of combiner 610
receives a DC compensation voltage from a DC voltage generator 616

30 in response to a control signal produced in response to the output of
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15 that both positive and negative compensation values are needed at

the receiver.

Figure 7 shows details of NTSC co-channel interference detection

network 30 in Figure 1. As explained in the Grand Alliance HDTV

20 System Specification, the interference rejection properties of the VSB
transmission system are based on the frequency locations of the
principle components of the NTSC cochannel interfering signal within
the 6 MHz television channel, and the periodic notches of a VSB
receiver baseband comb filtef. These comb filter notches exhibit high

25 attenuation (nulls) at frequency locations of interfering high energy
NTSC components. These components include the video carrier located
1.25 MHz from the lower band edge, the chrominance subcarrier
located 3.58 MHz higher than the video carrier frequency, and the
sound carrier located 4.5 MHz above the video carrier frequency.

30
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= wi | "": #pagternsqare compared with each other. A reference field sync pattern
5 employed for this purpose is a programmed, locally stored “ideal”

version of the received VSB signal field sync pattern.

In Figure 7, oversampled demodulated I channel symbol data

are applied to an input of an NTSC rejection comb filter 710, to a first

10 input of multiplexer 745, and to an input of a subtractive combiner
720. Comb filter 710 includes a subtractor 712 which subtracts
samples delayed by delay element 714 from the input I data to
produce a combed I channel symbol datastream. Comb filter 710
produces significant amplitude attenuation, or “nulls,” at the high

15 energy interfering NTSC frequencies noted previously. The combed I
data from filter 710 is applied to a second input of multiplexer 745.
Comb filter delay element 714 advantageously exhibits a 24-sample

delay as will be discussed subsequently.

20 A programmed 21.52 Msamples/sec (twice symbol rate)
reference field sync pattern is obtained from local memory during
field sync intervals of the received datastream. The field sync
reference pattern is applied to an input of NTSC rejection comb filter
718, and to an inverting input (-) of combiner 720. Comb filter 718 is

25 similar to comb filter 710, and also includes a delay element which
advantageously exhibits a 24-sample delay. The network of Figure 7,
in particular comb filters 710, 718 and the associated delay networks,
is clocked at 21.52 MHz.
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3109 & ()H]Eltrﬂplﬁ[aitayﬁééfﬁl\ﬂ%hd the reference field sync pattern. This error

signal is squared by unit 722 and integrated by unit 724. A second

5 error signal produced at the output of combiner 730 represents the
difference between the received field sync pattern after comb
filtering by filter 710, and the reference field sync pattern after comb
filtering by filter 718. This second error signal is squared by unit 732
and integrated by unit 734. The outputs of units 722 and 732

10 represent the energy of the respective error signals. The integrated
output signals from integrators 724 and 734 represent the signal-to-
interference plus noise content of the uncombed and combed received
field sync components, respectively. These integrated energy-
representative signals are applied to respective inputs of an energy

15 detector (comparator) 740, which compares the magnitudes of the
integrated first and second error signals. The output signal from
detector 740 is applied to a control input of multiplexer 745 for
causing multiplexer 745 to provide as a Data Output that one of its
input signals which exhibits higher quality, i.e., better signal-to-noise

20 plus interference ratio. Thus in the case of significant NTSC co-channel
interference the comb filtered output signal from filter 710 will be
output from multiplexer 745, while the unfiltered received symbol

datastream will be output in the absence of such interference.

25 The use of oversampled I channel data and field sync reference
pattern data together with the use of a 24-sample delay in comb
filters 710 and 718 advantageously produce full spectrum
information about NTSC co-channel interference. This advantageously
results in more accurate NTSC interference analysis and detection and

30 Dbetter comb filtering. Specifically, the use of 24 sample delays in
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produced by providing an input datastream at
5 the 10.76 Msymbols/sec symbol rate, and by operating comb filters
710 and 718 at the 10.76 Msymbols/sec symbol rate. The resulting
frequency spectrum produced at the outputs of comb filters 710 and
718 is shown- in Figure 8 and includes two comb filtered full NTSC
passband components centered about but separated from 10.76 MHz.
10 Attenuation notches appear at the interfering high energy NTSC

frequencies as mentioned.

Figure 7 illustrates one form of an NTSC cochannel interference
detector including elements 722, 724, 732, 734 and 740. However,

15 other types of detector may be used. Thus these elements may be
represented by a four-input detector, i.e., a so-called “black box”
where the detector may be programmed to operate in accordance
with the requirements of a particular system. In such case the four
inputs are the two oversampled (two sample/symbol) inputs to

20 combiner 720, and the two oversampled inputs to combiner 730, with
the output of filter 710 to the input of combiner 730 being

particularly important.

The arrangement of Figure 7 produces a clean frequency
25 spectrum, as shown in Figure 8, without associated amplitude and
phase corruption (aliasing) caused by frequency overlapping of the
upper bandedge of the lower passband component with the lower
bandedge of the upper passband component. Consequently, co-
channel interference detection by elements 720, 722, 724, 730, 732,

30 734 and 740 is more accurate than detection by a system employing
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10% &' ()_thm\g)Era wer passband components overlap, when the
5 passband components are imperfectly matched and do not cancel at

such overlap. Such imperfect matching is likely to occur under signal

channel conditions including multipath, for example. This aliasing

condition reduces the effectiveness of NTSC co-channel interference

detection and is avoided by the disclosed system.

10
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constituted by a succession of data frames each comprising a field sync
component prefacing a plurality of data segments each having an associated
segment sync component, the apparatus comprising:

10 a demodulator {22) responsive to said received signal for producing a
demodulated signal;
means (430) for providing a correlation reference pattern during segment
sync intervals; and
a data correlator (420) responsive to said demodulated signal and to said
15 reference pattern for detecting said segment sync component; wherein
said correlation reference pattern occupies less symbol intervals than the

number of symbols in said segment sync component.

2. A system according to claim 1, wherein
20 said segment sync interval comprises four symbol intervals; and
said correlation reference pattern occupies the first symbol values in

sequence (1,-1) of said segment sync component having four symbol intervals.

3. A system according to claim 1, wherein
25 said segment sync component is characterized by a segment sync pattern
1 -1 -1 1 over a four symbol interval where pattern components 1 and -1
signify relative amplitude levels of said segment sync component; and
said correlation reference pattern comprises the first two symbol values in

sequence (1,-1) of said segment sync component,

AMENDED SHEET
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10 correlating (420, 430) said demodulated signal using a correlation
reference pattern produced during segment sync intervals; wherein
said correlation reference pattern occupies less symbol intervals than the

number of symbols in said segment sync component.

15 5. A method according to claim 4, wherein
said segment sync interval comprises four symbol intervals; and
said correlation reference pattern occupies the first two symbol
values in sequence (1,-1) of said segment sync component having four symbol
intervals.

20



