; e3ehc™ _d LHab6cThc I C, ~ o APR zap2 *166166* CO CHANNEL | NTERFERENCE
DETECTI ON NETWORK FOR AN HDTV RECEI VER *@00002* Thi s invention concerns a
recej for processing a high definition 5 tel evisi on8d APR! ;o0 L9
of %‘E‘MM@M& ed type proposed by the G and Alliance in the Uni tzé@

St at'es’ very of data from nodul aj ed signals conveying digital

i nf or mat’1%®%%"i n synb Ofﬂqquwﬁﬁ%h{(?éDWE@I’IBW@‘EH’W@R% a receiver:
ynbol synchroni za

tim for S 1on, carrrer recovery (frequency
denﬂ@ﬂmﬁmmﬁmm baseband), and RORANHDEU®EESCEVERN. Tining recovery is a
pro h a receiver clock (tinebase) is synchronized to a

t ransm p@e* cl ock. This permts a received signal to be sanpled at optinmum

points in tine [ ce slicing errors associated with.decision-directed
rocessi ng of TREdFENIE Rphfo s idetar REThRE Buliyre 8 Mos dgbhels °h,
whi ch @ regejivied 4 883l of t@qfetvssbﬁbmﬁécewgbbp&%_wﬂveesfr% IQiahckower
intermedi ate frequency passband (eg., near baseband), is frequency shifted
t o basebaimdtheoUpidedriStatescovery of the nodul ati ng baseband i nfornati on.
Adaptive channel equalization is a process by which the effects of changing
conditions and disturbances in the signal transm ssion channel are
conpensat ed 20TfOecolftry dP'dREE $orh Wb &Rbiad SBRLAYSodVIE Fidi

anpl i tude and phaseecodi sr?ortcﬁons resu+(?l?ngéﬂf rg%griﬁﬁ}e&r\{ﬁ!@ gé%%ﬁﬁ‘é%ﬁﬁ??{ﬁ%
vari ant cimasyaabelrfiostn csuallly rehjaires ameei fasictions karaneceivien: firng decowepy dyed

synmbol decisjon capability. I n accordance with the principles of the
presetft i SWBREH BINCHEPRIZRHPUSCIEe seqnVery dequensy demodylation ta basghand),

processin i)V, FWe]! S : hated: si .contai ni ng
R o dot | A ehEfRISE N8 Pl BECAY b Wk BRE bR WHISH P R atBl
subj ect t@incethide) i Bgnciroaizadnel a tlanerfireecbioek. This gatraithasedelati zidriane
format constituted by a succession of data franmes conprising a field sync

conponenttpk@sadipied at pPLiFM PRiIgs iadirae $edaduee sliqing erearsiassacisteshwittBo i s
denodul at ed .and f.iltered, r ef nce sjgnal js_provided, and the reference
o onal + sdgtiftREditecred Bocdasial 8l FteRuatl fiHRbol ReRRRLrafiar BRSNS he o
i nputqsnet yRcks@BY RAICAUA Petiei¢st RFafgh 4, aftst %ng ﬂégf;@ﬁ@& BEWIRESnv el to
denmodul ated ~~~~; ~3~~ ~i~| ~~'T ~ 0 ~ R zooz . datastream reference

signal, fa lawerintermediatefreduentyapasshand tegd mear kasedandi esdremesicynal are

i ded to. the i k. The denpdul ated datast d the filtered
(emodul ot 080 AR ERAT 4O FBTY CiFePRobhS! o TIOHLE Uy BoRERt IDTRYRARA dat 2

whi ch is Q¥E5SBhEShatedha : tEahrglsg? Btoddie 15y WR0th Bk %ff%fclté I8¢ cRahgmg! ved

signal. Brief Description o awing Figure 1 is a block diagram of a
portion oforditionghaddfdistuthancesdh ahe sigmal @rardbiivsionecteinnet arancbmgiensated
appar at us, according to the principles, of the present inventiop. Figure 2
depi s ot BISTRIAREST bARIGEI BPIOKSSH 5L BOYP AP HEEAH PEPSS t he
Grand Allg GHRG $8rh PrddiRnt i depdndt Uarik gils
of a di giq]a ghrr%)-g%/? a?oé?carrlre ngove?ré?ﬁngﬁ ﬁlﬁ}ib?%‘l":@‘?gﬁ%é&égﬁ?ﬁﬁ?gh
shows dettaahsmiskion stegmeht tosyrowidieineptove dasyinisyindedisichadpabiityecovery
network in Figure 1. Figure 5 depicts a signal waveform hel pful in

under standi ng the operation of the network in Figure 4.

In accordance with the principles of the present invention, apparatus is

25 disclosed for use in a system for processing a received Vestigial Sideband (VSB)
modulated signal containing high definition video data.represented by a VSB
symbol constellation and subject to exhibiting co-channel interference. The data

has a data frame format constituted by a succession c;f data frames comprising a

field sync component prefacing a plurality of data segments. The received signal

30 is demodulated and filtered. A reference signal is provided, and the reference
signal is filtered. Also included is an NTSC interference detector with an input

network and an output coupled to a signal processing path. The demodulated

AMENDED SHEET



25 Figure 6'shows details of a conpensation network for renoving a DC
offset in the synbol datastream processed by the system of Fi gtqm Fi gure
7 shows details of an NTSC co-channel interference detection ne ZmZthe
systemof Figure 1. 30 ~ :=%~~3r'.'"~ J ~P~Jra~' s~ 3 0 APR 2002 .

99/ 23816 PCTI US98171799 3 Figure 8 shows a frequency spectrum associ at ed
with the operation of the network in Figure 7. In Figure 1, a terrestrial

br oadcast I n 1Y al

et no ARSYBdm, PHerede’ b af.a'*e?fﬁ? RIS R At O el
16 i ncl udiehgredcd aidral srenyrenideantd wrna&rnmw@wmdaﬁqddﬁna&eésam&r@amput
signal, and appropriate automatic gain control (AGC) circuits. The received

si gnal isand the flit@reédpmo@yé@tsdsiawwrmmmmlea tmaihe inpyirngiveell doptaine 10
Grand Allian gl ﬁP ed for use II t he Unllg FI St a%es u%(ﬂ a VSB s nal
is repr es‘%"ﬁ?é@ %9 b 'Wﬁr%arﬂ? Hafh YGRS Bisths ST (#er af ﬁ nly

one axi s eeBhdHNgAMant i zed data to be recovered by the receiver. To

sinplify the Fi gure) not shown are signals for clocking the illustrated
functional blocks. 15 As described in the Grand Al'li ance HDTV System
Specification dated April 14 4) the vS nsnj ssi on system conveys
data with a prescribed data ’fé'ré %%Pﬁ’ﬁﬂ th§ 49 Figure 2. A small

pilot signal at the suppressed carrier frequency is added to the
transmtted 20 signal to help achieve carrier lock at a VSB receiver.
Referring to Higureel 25 addobk didgaarhraine poatiqr bf ashigmalefingtialstelbvibiomach fiel d
i ncludi ng 313 segnents of 832 multilevel synbols. The first segnent of each
fiel dOis (Fidtle eV)r’@GetV&ré'%deﬂge@RPaé?Wé 3§é@ﬁ%‘ﬁ9 10h8 Rnciplerwifihaprasent
segrrentsl\)gﬁ%ﬁ(ﬁ,f erred to as data segnments. The data segnents 25 typically
contain conpati bl e data packets. Each data segnent conprises a four
synbol segnent sync character followed by 828 data synbols. Each field
segnent includes a four synbol segnent sync character followed by a field

sync conponentFigwep? depings & q!ﬁ'fécféill'éﬁ fpereat fria yyﬁﬂomoqgéﬁﬂdWMﬁi@manr
P th PN th
(7, SoUUETER O aah s S SR TLOBH B BplP soquences. the

in sygcessive fields. A VSB m)de control signal (defining the VSB synbol
constellation size) follows the | ast 63 PN sequence, which is followed by
96 reserved syigwes3 shdwsdeaigilpof ¢ digivalederhodulatdrécarievrenoyery abtivork in

Figure 1.

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

20 recovery network in Figure 1.

Figure b depicts a signal waveform helpful in understanding the operation

of the network in Figure 4.

25 Figure 6 shows details of a compensation network for removing a DC

offset in the symbol datastream processed by the system of Figure 1.
Figure 7 shows details of an NTSC co-channel interference detection

network in the system of Figure 1.

30
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Continuing with Figure 1) the passband I F output signal fromunit 16 is
converted to an oversanpl ed digital synbol datastream by an anal og t8&d APR 2002
digital converter 19. The output oversanpled digital datastream from ADC 19
is denodul ated to baseband by an all digital 10 denodul ai,ef,ﬁgﬁhygfr
recovery nMQMR8192. This is done by an all digital phase ['ocked [oop in
response to the small reference pil ot csrri er in the received VSB
datastream Unit 22 produces an output Pphase denodul ated synbol datastream
as described in §igHeeR thaws |2 frequepeyaspectromriagsnciated. with ABC 19

over sanpl es t | : ol.s/sec,VSB synbol datastreamwi th a 21.52
MHz sanpl i ngOPgF%Eﬁ?%}f.é‘% K?ﬁ%ﬁ%ﬁé%@ehed synbol rate, thereby providing
an oversanpl ed 21.52 Msanpl es/sec datastreamw th two sanpl es per synbol.

The use of such two_sanple 20 per .sgrrbol sanpl e based processing, rather
t han synbol - by- sybbiguteode & depewripbbregdessi pnalpgbbipubddBd Vorsigred sisng,

d d { ti f t_ si | . | f ti
Dlch ae & e HOLSRER, By A iiPiscReBioek L8RS R 0ine P duni RFGRT ol Py ence
det ector 30 {h@drnReedtB! freq@énci I(tF)bqns&&@Hlssw-maﬁldgﬁ%cid%hsibWith ADC 19

and denodul ator 22 is a segnent sync and synbol c¢ recovery network 24.
Net wor k 24 dcsmyersomniingefar aproducing prepBt ipasstandabatse gsignal, symt

conponents of each data fr fromthe r m dat a. e seqment syncs are
oo tos" 0 AnegaRe G, BRI griny CHRECk AT s g o MBE A S @ ed | o
80 5 controlicthe, I by; I Lgitalg,eonverter
10, "Ae w1 | e crAReE SRS T ST HBLbIfe 2 XighAR RTpkehRd! b eV S
advant ag®ousGyands ddlianceabind eadioptedd faroses ymithe Unitede ISadteanSue ar 8188 pattern

and associ ated twoQ slyrrbol gglt correlator to detect the segnent_sync. 5 A
DC conpensat 118R2luA$ tTePEesga &dapeidimepnsigupl fgteisymbal Fenstelafen from

t he denodul L9 : set el o Ll i.gnal
component . st pav aoE BT FoRRs aCARan ks 6L hek bRl B 8
detects the reepveti Todsignplifyc diepFigunre, npt chopar ared sipvalsy forceRickak dng a
segnment with _an o ideal field reference signal stored in nenory in the
recei ver. | nilkistnated funstippal plegkehr oni zation, the field sync signal

provi deglnsa trai ning signal for channel equalizer 34. NTSC interference
detecti and rejection are perfornmed by unit 30 as will ~ 5 be discussed
in greater detailAwdelcripanifl the Gratd Alidn@HISTVAEyQemeSPecificR@osi gnal is
adaptively equalized by channel equalizer 34 which may operate in a

combi nat i on déated| Apdil 14,ai1ﬂ9ﬁg,th®gdsﬂetms$missiﬁnr eystent pouesys Bgaamiger 34

may be of the type.described in_ the Gand Al liance HDIV Syst .
Speci fi cati oft %E)r/‘?gcrlﬂ?‘r’d; atgy ?ﬁagfee fetmag a%rsgpiwne{n 1gure. %’Sé‘ Wbagmp%’f)syst em
Design for Giignd] Altl RN GapgrsRdi daddier! Fr&Mient P NisRAGd &bS the ItEfBmitted

Transactions on Consuner ectroni cs, August 1995. Equalizer 34 also may be
of the t3/pe signal itbetlp rachievepeamienglocks Raa ciSBargekivent Referdagi 9l No.

09/ 102,885 filed June 23,. 1998 of Shiue et al.. The out put, datastreamfrom
det ector 30 #:.ég‘HS c G ﬂa&j fane ‘iﬂﬁprésfﬁp‘@ sf!ﬁlﬂ%!“”?}i&a?h %ﬁ@frbol s/ sec)
dat astream pg (gﬁ%itn S‘ﬂyaféglgént%of Bhﬁsnﬁﬂﬁmgﬂ‘k@grﬁﬂo%‘. THY fif‘st2§egrn<|mt

acconpl i shed uitab ownsanpl i ng networ ot shown to sinplify the
draw ng) . A3of-each~field is-referred3td adPR f2£102sync\W2gaéi23ah8 METdpBi1 799 6
Equal i zer 34 corrects channel distortions, but phase noise randomy rotates
the synmbol c3A3t segmentsnareppefeared, 1 1asndateSaBMRNE Thenslpts SCBRCAES| dual
phase angsgaip .ngiise.1n.th p [ I 0 | i i ng
phase no?ge X lgﬁhia%dng%lth %ﬁér gzr’r%@ggﬂ%ydé{at ﬁéa%?gcg‘é%g&g%réﬁgg{réﬁ?ecovery
netuork in | SoRgsesto fole WrhBl segnsht sfhe dHaRtercdollentedopigR i then
e

trellis decoded by unit 40) deinterleaved by unit 42, Reed-Sol onon error
corrected by datd tsymbolanBach field segment includes a four symbol segment
sync character followed by a field sync component comprising a
predetermined 511 symbol pseudorandom number (PN) sequence

30 and three predetermined 63 symbol PN sequences, the middle one of



descranbl ed (de-random zed) by unit 46. Afterwards) a decoded dat ?jbr eamis
subj ected to audi o, video and display processing by unit 10 50. T r ARR 2002
I.F processor 16, field sync detector 28, equalizer 34, phase tracking | oop
36) trell i@o}gﬁ:&g@r 40, de-interleaver 42, ReedSol onon dacipokes2ygh and
descranbler may enploy circuits of the 15 type described in the G and

Al l i ance HDTV System Specification of ril 4, 1994, and in the Bretl, et

Ap
al. article Is @9{) el its suitable.for .perform ng tthe functions
of units 19%‘8{ égqggee vverf %%%Wezﬁe@éndﬁ&g?imd?mﬁ@ S_ngfls per f or med
by an all didefinthg alié OVSBI symbel eofietblliidn AROflIGMR {He Bshigvencarrier
recovery. The phase | ocked | oop uses the pilot conponent as a reference for

initial acqst@iencen wineh dsnfnllparedihys 86deservedr symbolshase B2 opyinsidls on. The

pil ot signal i.s eﬁoedﬂgd in the r.ef(f:i ved datastream which contains 25 data
exhi bi ting SOPEAGHENT HBF SREOVI98E B&1dern. The random data is essentially

di sregargled by the filtering action of the denodul ator APC | oop. The 10.76
Msynbol sl sec input signal to ADC 19 is a near baseband signal with the
center of the VIBoftimemgneyths Fegureuh she Pasdahtiiz IR atpite signhbtfremnponent

situated at 2,69 _MAz. The ipput 30 datastreamis. advantageously two-tines
over sanpl ed B} i@cxslgogyertecg 1§ ABRVRIBPIPleg Al 38R ‘PJC%P@L@Q'S B1Py9 7

21.52 Miz. L biflog o> ditdiCosrit! 1SATHE! BUIRHR! dvefcarhPiRa Phighal COMPONEN

has been frequency shifted down to DC. Figure 3 show detall st digital
denodul at or datstréima SouSBABOni@uisatenodolated aopbasdbatidyityakn syliidilgital

dat astream from Al 9, containing the very |low frequency pil ot conponent,
is appl 1€d ldémqqﬂgt:g%ﬁ?“%frl-ﬁcﬁé?‘f foeyark 3%0 g 38 Pﬁyghnﬁ ab2. Filter
320 separat t he i NCOMm I anpl t peamiant 0. el (i naphase) and

"Q' (quadr a? %lgﬁpﬁg%%) mcéc%rgr%oir?g tg?r%gqogxs& g%ZE%xmapt gefg}edlgﬁaﬁﬂ?ﬂat 10

mat ches t he cdaiary iofthed tebeiviedf MSBerdadrearbneUhita®l godosgoaganbetpat €-r ot at ed
t o baseband using conplex multiplier 324 in an APC | oop. Once the |oop is
synchr oni ze®hashedesnodulatess symbol patastream ps desseibpt eld Bisaandetdilgnal .

The out put '%@?Bﬁ?g@ﬁ@éié@ lgul tiplier 324 is used as the actual

denodul at or S0 used to 15 extract the pilot conponent of
the recggved datastreamusing | ow pass filter 326. The output Q datastream
frommultiplier 324 is used to extract the phase of the received signal. In
t he phase controlADGop9 evessampiles 'd}eoi,m&tl(g”V@rMISSmbpbﬁS@OVrﬁB t&)’plbcgr 324

tiyel li.ed tq,l filt 326 .and 328. Filter 26 d
325 ar o nyaectseeay saE o 2, DRER seropIb SIS e 0B Ut Rk rat ol y
1 Mz, and afmmiloviednbRediesidiie B 0onrsIApIA 905D iREmplesfick dat a

downsanpl i ng by units 330 and 332. e downsanpled Qsignal is filtered by
an aut onat i clatastrpaemoyitlz twsosamples( ABC)syimbtiol eThe38se Afft suchf twoesample t he Q

" equi ot %1 SHBeL TRRIE: Ghsah PropRSES ISt BET a8y HBPLEVSEPlcor r ect s
el oo (A SRS Bty Lyt Bt prdhenl 000t oo
344, eg., a sbaarageouseopérationass SubisequentTiignahapmcessing fiatativned

such as are associated with DC compensation unit 26 and NTSC

interference detector 30 for example, as will be discussed.

25
Associated with ADC 19 and demodulator 22 is a segment sync

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

30 regenerate a properly phased 21.52 MHz clock which is used to



3-0 APR 2002 . . WD 99123816 PCTNS98121799 8 by unit 340 represents a
frequency difference between the expected pil ot signal frequeng* gﬁar DC,
and the received pilot signal frequency. 5 If the received pil %dﬂv
exhi bits an expected frequency near DC, AFC unit 336 will produce no phase
shift. The I and Q channel pilot conmponents input to phase detector 340
wi Il exhibit no deviation froma nutually quadrature phase relationship,
whereby p 70 er.fpr
out put 102 aebfe gttt BAERTEEBIAE LY B9 07 % AR APNERPIEREWIP

i ncorrect berdispiassey,in AoGnebdtion 3Bth Widure 9 Uoshit 8, acplasie 28hadvantddesusty | |
result in an additional phase difference between the |I and Q channel pil ot
si gnal s appes éa qhbr@wetqcﬁwpssvmbqimsr@lmmtﬁf@mmmatwmndmsmatpdmes

an out put _errn i hi ase difference. 15 The filtered
phase errSY”E§£H§?l?5%%??#?@@?Q§§HE$%%ﬁ%iﬁﬁgﬁ¥§°1:8 by interpolator 346 to
accoung for the prior downsanpling by units 330 and 332, so that NCO 348

operates at 21.52 MHz. The output of interpolator 346 is applied to a
control input 6fDNCdBRENsatiuncunit dSalises a0 adeptivie teacking hiecyit toremiogaal f or

denodul atin he recej yed stream 348 includes, sine and. cosine
ook up. t SETRETT JPTEE R ALY G L S S T 555 R BROBE R B o LG PNl
response f 0

it put s of SNBSSl p w8l s Bt cPPAERES Vit B (S 2B deretiiene
mul ti pl i edai2fleldasyse @impberephibyg eompacingsevenalrepeivdd cada By gaehesvich ad40 to

be substaptially zero) thereby indicating that,L a prqperly denpdul at.ed
basebkhd lde§faﬁ§| rq?greapéﬁgﬂaqéﬁortegemdu# Y i hRIFEG9Y §ledn SOAITIAMLQyTigit: a

el onent o STt ERefEHL ol RESR VRSN H] S abbihade ™ oo
PGT/ US98I 8dudiRep 3downsanpl i ng provided by .units 330 and 332 advant ageously

saves denodul at or processing power and hardware and permits processing
efficiencies by allow ng APC | oop el enents 336, 338, 340 and 344 to be

ol ook i not ead Bf S BEE5Ry Yarboton idrEelofir gLl hh by Subsadi vikn)
i's usegl t peidiguRBBA N GRéRF et WRH feBBrdtRFRyUES FCAR 8l GFReriarBss tHecul ar

the described data reduction results in software efficiencies by requiring
propor t i ogighelisfasieptivelyhegualized by ehannedequstizer 34 whighimpay oppskeimehi ne

| d i)able far. other 10.signal ' : W\
ol | cat 1 SRMEBELRH ¢f M Egrabioe ahe d S Reer ML RRBt” Bl orE et wor
22, the dgf thd B EESUNDRSHIthe GrandeAMeRte PﬂIW@y%t@fﬂdSMﬁéaﬁcﬁﬂHhB #TRAL S,

as well as reduced integrated circuit surface area. The denodul at or

advant ageauisle bys¥'s Bretd epial.ot’ VEEiodem SubsystereDestgar fdreGrandchiienge 15 and
enpl oys fged-f rd_prpcessing r than nore conplicated and tine
cons At noDialial Tl B HEEN RS OJERE Ehrtativnbor Rl EetettEnohlPutted 1
channel - dbo8! Eagiet BPBISoGHal GOy BYIABASHIPEOREA Y UL PRIRHRY
unit 24 as shown in detail in Figures 23,4 and 5. en t%e repetitive data
segnent sypulicatibacSerial Na.29M 20885 rfied tneerZ3)dbd9 8atfShhat te¢rah. Tiie bhiput
recei ved datastrean) the se nt, syncs are used to achieve, proper, synbol
tining bydatégarﬁemrpﬁgdateﬁft%gg%'§/ O%H\éfbcé’dwﬂt.eézf°l\m?“9vﬁ3@ép'§§ﬁ%¢)§r(éae%)
sanpl i ng L . i i :

o tal s eleERPataBioERph i Bbal R A HAS WBliar R I B,

| evel2q - 7Taddsonipl)shéat by aegimable dbivinsampling awtaioek (s6seownsyonsimpliy tlaen 8- VSB
nodul ated terrestrial broadcast signal in accordance wth the G and

Al | iance #BYn8beci ficati on. The segnent sync occurs at the beginning of
each data segnment and occupies a four synbol interval



30 APR 2002 . WD 99J23816 PCT/ US98I 21799 10 The segnent sync is

. defined, by a pattern 1 -1 -1 1 corresponding to the anplitude | eveg

the segment sync pulse) from+S to -5 The four synbol segnent sync gcgéﬁgmz
every 832 synbols but is 5 difficult to locate in a dermlgi#ll /?7y§B digital
dat-ast ream™} M@ he data has a random noise-like characteris

detect the segnent sync under these conditions, it has been conventi onal
practice to applé the denpdul ated | chahnel datastreamto one i nput of a
data correl ator, Equalizes 3pptorrects atheneelc digattiomsn Huavplnget heis20 1 -1 -1 1
characteristic, to a refer Ece | t of the cor Iator for conparjson with

the derpdul AP 10ta{g5. ?)rsryéﬂ‘ oFOpstE ﬁté‘é%* P?ﬁ dF%ﬁ%thfﬁ’%ksgént with
the referen o]

accunul at ed? yggtthSt S‘é“{'ﬁﬁ‘%%?’%@i%@? a%%‘é‘ vvr gﬁégoor ?%‘ﬁa? 2’%%'3
random ( nonegealidenr 84d)indbdingr phiset noise cbih$c&ppﬁar nétebéén temioved hBy

reinforced correl ated segnent sync conponents. Networks for recovering

segment Jynéh Qjagrgcqqrng hFATIRR TREQVELY e NRINARK, 11¥ GPSF&@&mﬂOethff malatt signak and
Al'liance HDRY.s f t ment i oned
A ance, PDRgsS R LaatLaR ARl LORADTRe depafl B yalCA! Borrs | oned

general |y didterlenvéd thy hmitae, Rdéed-Solpatdn @mloar totrebitéd ltSth.inltt a4ded @t in
the presence of multipath (" ghost ) conditions. Mbreover) is herein

recogni zed @ﬁ&qrambéw akte-rapgomnzadic b¥r ugiti 46. (Afiprwardae a eﬂ¢§0§9d of the
Gt Stort i om CehRleR it sl triny M P Gislay, bERERAIR. BV BRits o

t he segpgnt sgync pattern (1 -1) are significantly nore difficult to
corrupt. In addition, it has been determ ned that even if the first two
anplitude characteristics (1 -1) of the segrrent sync pattern are corrupted,
they typically cgrrupt, i he sa t 30 fi.rst two
characteristics rDFB ‘pelasirill'?t pﬁ%cteg%qreg@b§xe rsyg?aqt%q{or » PIRBRZS G2 VO
991 23816 PC;M@%&HR@ M’Pt 86N I ecBlS 40 ddimieliancpsesl Reshem the
reference ttern applted to the correlator for detecting segment sync is
pr ef er abl y c&niemronudembd@y 4hendi descramblgradé emay | suploy €irtuitd of thet her t han

by all f attern.l e he correl.ator reference
oht tor 18- bt dasfyybehdnrbhsSend Aands HLS SifiemnsarsBestion of oure 4
t he oversanp qut a 0 t F IS
applied to oA Si gnlz?%r %glgtﬁ%) ﬁ%hrﬁarég g%?gg?g&;ﬂlglrgégﬁn@tﬁ hgrwegs%&c@lﬁg
correl ator 4aftablehdootpeeforthingithoafuncripnd off ugitknd® ded €30 are 4dBlly ecei ves an
i nput signal froma data correlation processing path including correl ator
420, an assdd1@WBd correl ation reference pattern generator 430 coupled to a
reference input of correlator 420, and a segnent integrator and accumnul ator
424. Correl ator 420 essentially responds to synbol coded

20 Demodulation in unit 22 is performed by an all digital automatic

rvenrng

phase control (APC) loop to achieve carrier recovery. The phase
locked loop uses the pilot component 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
25 data exhibiting a random, noise-like pattern. The random data is
essentially disregarded by the filtering action of the demodulator APC
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

30 datastream is advantageously two-times oversampled by ADC 19 at



15 data segnent ' sync. Reference pattern generator 430 provides the
relatively sinple, abbreviated reference pattern 1 -1) thereby pergitgkﬁg‘
the use of a ~ sinpler correlator network. The sinpler reference p tot

|l ess likely to produce confusion in the sync detection

part i cul arWQ99238oor signal conditions, because nore Zomsé}a“'gs?é%l”rgel i abl e
information is used. The disclosed systemis less likely to be confused if
two of four correlations are corrupt. fn addition, calculation time by
correl at or 24252 i MHg. ghi fthe sdemgduletedc datastfeam ofroputunitr @ deer pioat or 420 is
i ntegrated and acc | at ed by unit.424. As sync generator 428,

i ncl udi ng é;owpg% \&ﬁ%%geqﬂ)lhﬁ}étsi’ﬂﬁ?%éjc?“f'hﬁggﬁﬁd, responds to the

out put of unit 424 by generating a segnent sync at appropriate tines in the

dat astream correspondi ng to data segment sync intervals. This occurs when
t he accumnul at i orFigirer 3i sifoow alethithaof digal demodylmot 28y MtheappédBances) 30

exceeds _.a predeterm ned | evel . Phase detector 410 conpares_ the 3 ~ APR ~
. v S/ 2'§8€% aﬁfépl\@é%’/s%‘i‘?g@ fég‘ﬁﬁaéiémg?f)ft ARG OBy AP Gehlr at ed by
unit 428 w : %[E% j [ nodul at ed
dat astream‘%érhct)%#gnrﬁ){mgg‘,’&gnﬁrﬁog ceg&aﬁﬁgﬁtcg&?%gﬁgggser E(Sjlrbedsiqgnal. Thi s
error signainpuss obva [FHtserf ifilteer 320 ndaatdedzy ivnitpB23 e Filestt 820 (APCH filter

434 to produce a 5 Ei ghal suitable fi)r controlling a 21.52 MHz voltage
control | ed PpEites tBecincpauns [Fvesmplusdatagteam pitgy ' Hedin phase) spd vz

over sanpl i <l A . ' | c I.bjt r timng
when t he phaSe @rﬁlrég{a‘&grlegﬁgféﬁgsc%ﬁgé?ezﬁﬁ)gew ?2?05%@1)6&%& ac(?:etllg%glgggynbol

tim ng 1(c! ogkichesche edalay sofc Blitbess €ilet 320, STIROIINind T &orgimRits ayNC
generated 10 by unit 428 is also applied to other decoder circuits

i ncl udi ng attefedt toc bgsghandonsing| cqmplex multipliars3240n amodR§. ldpe to the | ow

frequency s ress carrier..pil. cQnp i.n the receiyved VSB signal)
there is a é%e%ﬁflggl?% n't #ﬁ"%‘g%géﬁ’a@gdSﬁéﬂguﬂfpﬂlt“mpléegfng%‘? ¥ a from
derodul at or c@mplekhibasd¥andl kifal. Thessagivet Pdbhsieady Sryms yiheipliapd i s
renmoved by conpensation network 26 .(Figure 1} before further processing.
Renoval of B3 isresednps tthel appwalotlermoiwlotponetput,f and |is talseisedciovery of the
symetrigcal s ol, values, i.e., t7.t5 ~3 1.  of an 8-VSB signal. 20 Figure
o’ Showd et STFETofhen BitiE, somasisns &, 'Fe ediyr SRy Teatp RS PE e P8 edback
networK. Thei@f IFHEeTRE lowdput € \WakdstréGm rfrd:m%ﬁﬁgﬁie'r%_?@‘{@ﬁk%%%5| y

cl ocked at twice the synbol rate to produce rapid elimnation of the DC
conponent . &kirsctatte gphapy @fothes recepvell signadr gence of the receiver and its
several interdependent 25 subsystens to rapidly produce proper operating
conditions for processing received video data for display. In Figure 6, the
oversanpl ed denofju OfHfeY HnAIQ! BEpiRVERN AL Rimof fset s
applied to one i nplltjl?é S)?lag@%gﬁggﬁ?tﬁ% Ct ?‘t\/ee[ E:Hgnb%ertﬁgﬁo. Aﬁgi nverting i nput
(-) of Z®nbmatiphiaPd 3243 afe ABSpertively appliéd 99l 288 1paseChiltef303281288 13

receives a DC corjrt)ensati on voltage froma DC voltage generator 616 in
response t o388cdnlters) 336 pndl 338 ey anist lewp aasse fHltery puitly & sut-off conbi ner
610 as foll j.n th t ' f C jnern. 610 is

o ogr essi vertrmeReh ot afbiohfalel LB iy SHRROVIbE Rl SERIATINET S,

over sanpl i ngjgnal ebantiwiattDerivhf &e18:1 sdatat @ewashnplingity @azsapsipcampared to a
reference by conparator 624. The output of conparator 624 indicates the
magni t ude arld2pdhe idoynsamplad Qssignall isphlered &y andaytomasiedfregupr@tiuce a

Curn cahdes canmel JASCIonk: o360 Rty SHERTR 19 4ot ReRhhnRLac and”
polarity of janjfd ViY Ushit 338 to reduce the dynamic range requirements of
phase detector 340. Phase detector 340 detects and corrects the phase
difference between the I and Q signals applied to its inputs, and
develops an output phase error signal which is filtered by an APC

30 filter 344, eg., a second order low pass filter. The phase error detected



whi ch is conbined with the denodul ated datastream This process continues
until a steady state condition is reached wherein by feedback acti g@ ag
further DC val ue adjustnents are provided by unit 616. Cenerator 6 52002
provi de bot ositive and negative DC 15 conpensation v

transm ssr&'ﬁ"’gﬂ% hel disturbances may cause the (p05|t|\a/t; 9§offset added
at the transmtter to vary such that both positive and negative

conpensati on val ues are needed at the r&ceiver. , 20 Fi gure 7 shows details
of NTSC co- Obiabnil 3Rt eenresaie ea disequamicyndifierancd lmwcnn Fihguegpdateds
explained in.t Al liance HRQLV S m_Speci |on the interference
rej ection plpblﬁgrsf$'éa3 %Fq‘t‘%yvgﬁar B;ns?#‘géﬁ%r{ ?g?‘i es‘ﬁg%led on the
frequency quz@dﬁ@{@.of the principle components of the NTSC cochannel
interfering signal wthin 25 the 6 Miz tel evision channel, and the periodic
not ches of a VSB receiver baseband conb filter. These conb filter notches

nergy. Egchcihéﬁﬂé ¢ PO by Btenal (AR o SRheeTed dBeatsiey 8P ocar o

1.25 Mz fraome! hg d%wsmrwmegﬂﬁucé h® ﬁmser@mﬁnme rﬁQﬁ@r | &an nela0—~ . VO
991 23816 PCT/ U898I 21799 14 |ocated 3.5 |gher than the VI eo carrier

frequency) aquilbttbeEmponsnds daput éo phnsat éciedtoB M@ witbexhitie no deviationr i er

frequency. SC|nterfe ence |s detected by the circyit shown in Figure 7)
5 where the 5‘?1Bnél MYUAHY o APRPBHIE ﬁﬁﬁ%e ﬁ&ilaé@“éhlpﬁl whgrenPhstt erns i s

neasured at e& E&;c&%g%g %P(@[L&gggﬁt éu g\gﬁ? ez%}d tv%iuengnﬁl\ﬁ?é @rrcﬁ‘ngugﬁ?se

patterns ar erence field sync pattern

enpl oyedof orsigruls Hmv@m,e if sha mageanpﬁm) sigaablekkibdtsoagdincodeal " version
of the received VSB signal field s nc pattern. 10 In FEigure_ 7, oversanpled

denodul at ed frecmaﬁ)ﬁeﬁ mé)q 384t wil r%oﬁ‘tﬁﬂ RepNase Shift; H‘éﬁ!ﬁ veill sesuliTaC

rejection copb fi 7 t v and to an
i nput of a saLPo dit llchc%l’s &fﬁer% B&fowr%&{ °téméf|%%§8‘ é%e?tsubt ractor
712 whi ch sLﬁqgm@t@plﬁdswnheslngatsabecbme didtédtoe | 3me Mdetédrbrf 340M t he i nput
| data to produce a conbed | channel synbol datastream Conb filter 710

produces si gpriofiieemtananpiput uereomtvakifuan i isaporse tuhiss phase differanicgh ener gy
interfering NTSC frequencies noted previously. The conbed | data from
filter 720 is applied to a second input of nmultiplexes 745. 20 Conb filter

delay el ement 71l4ripdyaptédqias éYer?dﬂ“s%nta!S floradfisteri4 delixampled 1118 be
di scussed subsequently. A programed Z1.52 Msanpl es/sec (tw ce synbol rate)

reference flsz}' dnggrpolapert 3d6nta sacobunti fexd the qridrodawnsampliyg doy iungts25 fiel d
L appli ed. 150 AbG B erctcRE BB Peeies b 715 HER s ARG i T
il ter 790 Eaapaletapag il %déﬁ‘?ay%ﬁ o R ant %‘é‘%ﬁéﬁ?ﬁ‘?ﬁ% ts
a 24-sard e rhgeapratdheaheepibor lsigifal fggudemddulatidgo tlze-Re®zixed . WO 991 23816

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 the I and Q signal outputs of multiplier 324 cause

25 the phase error signal produced by detector 340 to be substantially
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
30 essentially comprises elements 336, 338, 340 and 344. The 8:1



PCTI US98121799 15 in particular conb filters 710) 718 and the associ at ed
"~ delay networks, is clocked at 21.52 MHz. A first error signal producgg AR

t he out put of combines 720 5 represents the difference between the recei ve&m12
field sync_pat éﬁlg in the input datastream and the refepgngsshi®bd sync
pattern. T Q% r signal is squared by unit 722 and integrated by unit
724. A second error signal produced at fhe output ~of conbines 730

represents the difference hetween the received field sync pattern after
conb 10 fil @emnﬁgme@nsi previded oby aHeits Y and éddeadyaitagedpsly pwvesrn after

conmb filteri bit Thi € N i S L by uni t
732 and int gg?lgtgéclﬁtgy ﬁx:ﬂcgés%% Btﬁs{gﬁou pﬂ}azagglreu?lr@s%ﬁf?ﬁgngy%ggﬂn pr esent
the energy efficitheies dgpeatibmirg eAPCr lobpgalehmentsT386] 338g3a0egnd B4auto Si gnal s
fromintegrators 724 and, 734 represent, the signal-to 15 interference plus

noi se cont eMe Pk akidclaNRIACIgRk 1akmiics RERSI Y 8d- 52 MHEZ/8yerc 2&8piient s,
respectiyel h j N r r tatg vie.si.gnals are applied to
respecti ge ?é}lopc-ll,l;[ gt&g?ddah?%ngtrlg’? %ﬁ%%@“ﬁe(@g‘%ﬁﬁ%‘%‘ i}gbaal %chﬁsoéonpar es
the magni t ugpsPyfist ised mé cigipiement neshorknd2 sAGP ke §hass detatidl Joop I OUL put
signal from 20 detector 740 is applied to a control input of nultiplexes
745 for caudgianigcwar.t the cdessribad daaprasictionatesaltpaim software t hat one of its
i nput signal s.which exhibits .higher qualiity).i.e... better signal-to-noise
plus int erfé’?gﬁ’t?é'c}eét :63_. TEng npfqr’i’é’gtdggae}woffegfﬁn]ilﬁscé’ t"ﬁ%@%&@ﬁ- channel

I nterferenceodBe f60¥Rakiphd. €DSP aticRitle 5V@B§ aré rasad iavhREbIE LdMbinker be 25
output frommultiplexes 745) while the unfiltered received synbol

dat ast r €8m signalbprasgssing purposes.abkenc anokppliegtiamtspetificemategrared use of

w th che usesiig CAHICh Thrulcre, eleriiil e iy 22y 488 def Ao °9° "

advant ageouslyy1pd qQUsEdfcell! haieedrE Ud ddver- rsqamemééf%ﬁ%vvf’véﬁﬁas ,
PCT/ US98/ 21799 16 I nformati on about NTSC co-channel interference. This

advant ageousieduceas lintegratednoireuitc surface MESC Thet defmdabator anal ysi s and

detection and better conb fil geri_ng. Speci ficall g the use of 24 sanple
del ays in cAfyaptagearaly7 1ges fae 7RM0LiCOMRNPERE Ap Relie Ve prATIght KECaKRFYS

di . . ‘ N Lt '
pect ronwn e etilolys CHU gk E SthoeBedifly erBUE) chih (BOEC! dOEREN
whi ch woul d 4Rl pire ueaduiningrfeedbaokg pascessipgt usiagasliceradecisionhdatk). 76

Msynbol s/ sec synbol rate, and by operating conb filters 710 and 718 at the
10. 76 Msynbol s/ sec synbol rate. The resulting 10 frequency spectrum

produced at the t Put f 8,d.5: .gh i igure 8
and incl udes tm%o%eﬁqﬁuééggﬁ u‘%l{ahﬁl%gégagggg{;‘négc%#rgglgﬁeg%éggl}\%%r ed about
but separ at egyrcr aid l&ymbol Mlock Aletevergt umin 2Wtag hstowappeadetsil inhBigupeerfering
hi gh energy NTSC fre&{uenci es as mentioned. 15 Figure 7 illustrates one form
of an NREC céctnthifel Whene the repetitivetdass segmeat $anagpusesdae srepovgred4,

732, 734 andfrgflno'theHo random data pattern of the received datastream, the

segment syncs are used to achieve proper symbol timing by
regenerating a propérly phased 21.52 MHz twice symbol rate
sampling clock for controlling the sampling operation of analog to

25 digital converter 19 (Figl;rc 1). Figure 5 depicts a portion of an eight
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 segment and occupies a four symbol interval.



other types of detector may be used. Thus these el enents may be represented
by a four-input detector, i.e., a so-called "black box" 20 where tfi
detector may be programmed to operate in accordance with the requir OreARRs 2002
of a particular system In such case the four inputs are

over sanpl e&vq%s’%slgarrpl e/ symbol ) inputs to conbiner 720) E%Q%Jﬁ)gp,t%
vversanpl ed inputs to conbiner 730, with the output of filter 710 to the

i nput of combiner 730 being 25 particull& |y inportant. The arrangenent of
Figure 7 prddacsegment|syan isr defimaic py spqumtterrm] asl shbwil icorrBégpndéng towi t hout
associ at ed altr;fpl i tyde aﬂd hase :corruption (aliasing) caused by frequency
over | appi ngt5t applitude Eﬁ)@? Yatscaegment syne polser @ shht@ donponent with

t he | ower 3 0 APR 2002 _ . WD 99123816 PCTI US98i 21799 17 bandedge of the
upper passband conponent. Consequently) cochannel interference detection by

el ements 720) 72Phe Addr sidthol78pméid4syared oddiftsi everpr 83 RGyUILAIE Bulaly
detection by, a S}/stegl enpl oying conb filters with 12-sangl e del ays
processihg HHEGHItR dogatet e a1dempdulalad, Visdd Jigihel dptaspamasiace thet he

| atter case Lt t ' eqr i J: i kgl be_prodyced in the
vicinity of dg%s"gxakﬂ_g;jr‘i&gggé%ggbnggeéﬁhg%ggﬂ%g Hﬁagg%ﬁkghso?%flhe ts

over | ap) wheynd hideasthess condithsmserit shaar bedmmponiestidnal nplached @nd do not
cancel at such overlap. Such inperfect matching is likely to occur under

signal 10 chBBEPWelthe gkvanedwatedi hahaanely datastrept k) dner inpidnef @@ dftd s abasi ng

condition r h ffecLivene f NT co-channel, i nterference

det ecti on aﬁgpr%§a§8bo?5‘gdg°b§bb%’eQdiifgf%‘scédgé\}%r effViNEgAPR ~J2 18 CLAIMS 1.
An appar@tug for uge I ithara@wstiseia) o0l RFQERES iMthtdof ereicadlaveshai al 5

Si deband (VSB) nodul ated signal containing hi %h definition video data

r epr esent ed cCompariveB witbdhe cdemsodulatad slatandhe ubprrelataro peadideist i ng

co-channel interferen eb sai d dat h?}\é/i n fa data frane forrrgh consti tuted
by a succesIPOROEP a“PPuHERt c%ﬂbrl § AyIHeRe % RRUSFACC¥THpSient pref aci ng

a plurality sofpdad aRIAHTRUGS datd @ veRRAGA URcERTPItbS| B\ a RelRR of 22)
responsive t0 said received signal for producing a denodul ate at astream

means (710) associffedt avitingtheaicdrdatodul laterdeniagassndam (mompraidioeed) fil tered

denodul at ed dat astrean), neans for, providing a reference signal (field
sync) ; %5 9 at(%%;gxﬁgpeft“qegqtp%g 18af rr§¥‘15fP€“r?éle°§Fr§haéPgt FERFHuce a

filtered ref n j ; Cel c c -24Q). _havin
a'n | nput nets&f}agk{fé(%}%?&ﬁé. NUtwbHARC AN TEEIVREHRRC Se HRLACEPAC (daeD-if4Hishavi ng
manner are known, for example, from the Grand Alliance HDTV

specification and from the Bretl, et al. article mentioned previously.

20 It is herein recogﬁized that although the segment sync is
generally difficult to locate, it is particularly difficult to detect in the
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

25 distortions such as multipath, but that the first two characteristics of
the segment sync pattern (1 -1) are significantly more difficult to
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

30 first two characteristics more easily detected by correlation



730), and an output coupled to a signal processing path; and neans for
- providing said denodul ated datastream (I data), said reference 20 si ggajpr 2002
said filtered denodul ated datastream (710) and said filtered reference

signal to gaid i.nput network; wherein said denodul ated datpgkdspafgpand said
filtered dmg’ﬁg‘?ed datastream applied to said i nput network contain

synbol data which is oversanpled at a nultiple of the synbol rate of said
received signal. 25 2. A system e}ccordiln’g to claim1, wherein said
reference sitg¢liquesd Thed ihj theerdisclpsddersyptem shenedfereone apattegunbol dat a

which is overs | ed aid multiple of. the synbol rate of sajid received
signal . p sggaﬁgg F%dﬁéﬁiﬁrfgﬁ rlg’r3.‘135&°£‘9.§t%"rﬁ"¥e€'€o?m"ngs tRFefarabl¥ 1, wherein
sai d means (cohSkituldBby e first Q@wbNPaGRPIVRES (B CAYDrakidrt fia ng;,V\erlk; and
said input network conprises a first differencing network (92 responsive

5 to sai d ddevupattesn] lewelastlr ealn add $hi Thueftee eoceladyraferemsed pattsmcond .

di fferengi ng“n{et rk (730 respon@i ve to saig fil tereld denodul at ed

dat ast r eam SNEIEBOY A CHCPPPRLSES (ORNYr &r LW SHPPRL Intesvala system according to
claiml1, wherein 1o said reference signal is a field sync reference
pattern. 5. An apparatus for use in a systemfor processing a received
Vestigi al Sidebadn Fighises #pdhé¢ adensanpledl oot adatastgedm gfrodefi ni ti on vi deo

data represept ed a VSB_synbol constellation and subject .to exhibiting
co- channel Eegl(?(}ﬁéﬂf &%_ﬁgb%“f%%ilda%t%) Ka0PPlied: toane sigkat ippvtaf

constituted hy.a SUEEBP ALY Af fptd %Bé”gggﬁan?ééréf[aﬁg 320 Pl UG

conponent prefacing a plurality of data nent's, apparatus conpri sing:
a prepr d@esssigndl2put esfp phase eetertaraiddOr eceivesdars ignatl siighal gramugi ng a
denodul at ed synbol characterized by; 20 a filter i710) responsive to said
denmodul at ed R aQQFRIAHPR OPrOSEURAR aP?tgIncluding correlator 420, an

associated correlation reference pattern generator 430 coupled to a
reference input of correlator 420, and a segment integrator and
accumulator 424. Correlator 420 essentially responds to symbol coded

15 data segment sync. Reference pattern generator 430 provides the
relatively simple, abbreviated reference pattern 1 -1, thereby
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

20 stable, reliable information is used. The disclosed system is less likely
to be confused if two of four correlations are corrupt. In addition,

calculation time by correlator 420 is significantly reduced.

The output from correlator 420 is integrated and accumulated

25 by unit 424, A segment sync generator 428, including a comparator
with a predetermined threshold, responds to the output of unit 424
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)

30 exceeds a predetermined level. Phase detector 410 compares the



I nformation at frequencies corresponding to significant NTSC co-channel

" interference energy, for producing a filtered datastream an signal 3‘“‘3‘(‘2&2
anal yzer (720-740) responsive to said denodul ated datastream and to sal
filtered d o ﬁ@mfor produci ng a control signal 25 repegesskimg the
relative interrerence content of said denodul ated dat astream and sai d
filtered datastream and an output netwgrk (745) responsive to said control
signal for %ovi dgn[g to an (%ut ut chan?ﬁ%l sai d f"gter_ed denodul at ed

dat ast ream RR&Y QLW HEMB XM5n SPUTTARY BY cUnit 28, Matie the BRassi @hi f i cant

I nterferenc .S | fi:ng [ d y astream
to said out gluet %gggﬁhgfgw\;\:hg})gfﬁy%%lg élzém‘%lﬁueﬁgga?%%%t?g%% gl?) g%u‘glzi by

sai d prepro@essad pmoduves sanphigat gihase nartdri pigaabf Thiseersyn3gnal aiselow sai d
recei ved si%nal ..and said filter petwork &Z%g 5181 exhibits nore than a
twel ve sanpPassgfiltered Ry _gutomatic_phase contr RC)oofaltein 434 tep proditcgsa

according t g i sy € ' egpayl I i\s

over sanp edg%%tﬁlafvaﬁ}:@bltehe s;%/hﬁg?ﬁirr%tg g?'gga%ﬁ ?e@%gdc%ﬁgoﬁgﬁtdg %g)rr?éé 15 said
filter (710psdilldjore¢ViICKIQ)s 436, wdrsh providenttte f DUS2 SMIHY @veshampling.

Appar atus according to claim5b, wherein said filter (710, 718) produces an

out put fr eqGtasky farp ARG U cBhist sampliRg 15Jocko AXIIYES | RIPE EimipgeWhem dhe ower

Cors 111 ter PE,SARCHRBEY if EBIEh0RY e BDAPG 'RECR: (53¢l Limibhsi ve 1o
sai d denodul(glogl) det@sry eRMompttanatotip UWoihh) ETROfsegatadt syRc( Binstag@cond

conmb filter (718) responsive to a reference signal, and an output thereof;
and sai H0andyyrait 42%|isdedgo applied to other decoder circuits including

automatic gain control (AGC) circuits (not shown).

Due to the low frequency suppressed carrier pilot component in

the received VSB signal, there is a DC offset in the demodulated

15 output I symbol data from demodulator 22. This DC offset is
associated with every symbol and is removed by compensation
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.

20 Figure 6 shows details of network 26, which is essentially a DC
tracking feedback network. The arrangement of network 26 in Figure
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

25 subsystems to rapidly produce proper operating conditions for

processing received video data for display.

In Figure 6, the oversampled demodulated datastream
containing the unwanted DC offset is applied to one input of a

30 subtractive combiner 610. An inverting input (-) of combiner 610



(a) a first detector (720-724) for determining a difference between said
denodul at ed datastream and said reference signal, 20 (b) a second detector
(730-734) for determning a difference between conbed out put signal 98 rAPR 2002
said firstyanda.sfgond conb filters; and (c) means (740) poruseapmssing
outputs fromsard first and second detectors to produce said control

signal. 25 9. Apparatus according to ckaim@8, wherein said reference signal
is afield syng re nce pattern. A-~~". ~~~ ~ ~~ | - ~, ~~ APR 2002 21
10. A net ho'Ei%FB’FSuégﬁléng%{ngwgﬂ?f}b@%cog B5ianR G voliags \asaeipies ©dfal

Si deband ~VigByedpoaut abed &dinAl sigﬁmt prdtiueed hhgresgsﬁseﬂtéltﬁe Udtgﬁp_oqlat a
represented by a VSB synbol constell ation and. subject to exhibiting

co- channel ¢omhiner f&lcge dollewisd Thet BChalfselgim thiaitautputasignilofrom consti t ut ed

by a successij op. of a frames conprising.a,f.iel n¢ conponent prefacing
a plurali tyc%IPBH%ﬁragg‘zgﬁem%g,refwéggfe?ﬁﬁ’&'%éﬁ%w sfgﬁ‘gj%c ag{IE sa‘ofﬂ':‘g
gener at ing, 1fic8MAAbS rRECHYGEampIRRirated THIOOH BFRE @stream
which is overscanp}liigd at a nulti p‘)eﬂ?%fm% heﬂgynbol F%tteﬁ%;mgéacitgér cei ved
signal ; 1 ouhitl 622 iamgl sainpadehudub atefeteded dat compamitoh 62d; eThéaoutput wel ve
sanpl e del ag to attenuahglii.nf ormation at f.requengies representing

si gni fi cant ORESERASRILR ingicatese th, dBagm and \Belasity, Pf; et i 't er ed
denodul at ed t fik| e el eﬁlgpﬁf aid
filtering s{%ga%grbgﬁgf ucl ﬁgd alkcls)sﬁlarg’l QSI gngl %ggﬁrggté?ﬁﬁ’fa?}g t e&%mé&r el ative
i nt er f er enceignahtgenerandr <2i6d Tenwdultrat edignidt asttumanaased generatorl 686 ed
denodul at ed dat astrea and providi ng, an out put network responsive to said

cont r ol 1@ giinersmentalie adiist: heamaghitpde andanplarity :0fq ar DG &8¢ denodul at ed
dat astream sl (Y | SLad] rese i.gni ficant
interfer enc\géfmg}\dl o? %@%}n{ e;dg v??)ﬂ gt?lgvfi%@glgi&%gﬁ &égaﬁél%&ﬁgt 4gg{ssdg{r%sétsrgeam to

sai d out put cehamie uniil.a Ateriyhacht@Coiditiory it oreatBédnwiferehayyei n sai d
oversanpl ed datastream provided by said generating step is oversanpled by a
factor of t\mﬁdrb@pkpaqmndin@gfm@ersi}%l‘e@u@eafdjwmst& aghprovided by unit

616. Generator 616 may provide both positive and negative DC

15 compensation values since transmission channel disturbances may
cause the (positive) DC offset added at the transmitter to vary such
that both positive and negative compensation values are needed at

the receiver.

20 Figure 7 shows details of NTSC co-channel interference detection
network 30 in Figure 1. As explained in the Grand Alliance HDTV
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

25 the 6 MHz television channel, and the periodic notches of a VSB
receiver baseband comb filter. These comb filter notches exhibit high
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
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A programmed 21.52 Msamples/sec (twice symbol rate)

reference field sync pattern is obtained from local memory during
25 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
similar to comb filter 710, and also includes a delay element which

advantageously exhibits a 24-sample delay. The network of Figure 7,
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5 represents the difference between the received field sync pattern in
the input datastream, and the reference field sync pattern. This error
signal is squared by unit 722 and integrated by unit 724, A second
error signal produced at the output -of combiner 730 represents the
difference between the received field sync pattern after comb

10 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
represent the energy of .the respective error signals. The integrated
output signals from integrators 724 and 734 represent the signal-to-

15 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
detector (comparator) 740, which compares the magnitudes of the
integrated first and second error signals. The output signal from

20 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
plus interference ratio. Thus in the case of significant NTSC co-channel
interference the comb filtered output signal from filter 710 will be

25 output from multiplexer 745, while the unfiltered received symbol

datastream will be output in the absence of such interference.

The use of oversampled I channel data and field sync reference
pattern data together with the use of a 24-sample delay in comb

30 filters 710 and 718 advantageously produce full spectrum
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5 corresponding circuit clocking results in a comb filtered frequency
spectrum which is not corrupted by phase and amplitude aliasing
effects which would be produced by providing an input datastream at
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
10 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.

Attenuation notches appear at the interfering high energy NTSC
frequencies as mentioned.

15

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

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

25 particularly important.

The arrangement of Figure 7 produces a clean frequency
spectrum, as shown in Figure 8, without associated amplitude and
phase corruption (aliasing) caused by frequency overlapping of the

30 upper bandedge of the lower passband component with the lower
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734 and 740 is more accurate than detection by a system employing
comb filters with 12-sample delays processing input data at the 10.76
5 Msymbols/sec symbol rate. In the latter case, amplitude and phase
corruption is likely to be produced in the vicinity of 5.38 MHz, where
the upper and lower passband components overlap, when the
passband'components are imperfectly matched and do not cancel at
such overlap. Such imperfect matching is likely to occur under signal
10 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.
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1. An apparatus for use in a system for processing a received Vestigial
5 Sideband (VSB) modulated signal containing high definition video data
represented by a VSB symbol constellation and subject to exhibiting co-channel
interference, said data having a data frame format constituted by a succession of
data frames comprising a field sync component prefacing a plurality of data
segments, the apparatus comprising:
10 means (22) responsive to said received signal for producing a demodulated
datastream;
means (710) for filtering said demodulated datastream to produce a
filtered demodulated datastream;
means for broviding a reference signal (field sync);
15 means (718) for filtering said reference signal to produce a filtered
reference signal;
an NTSC interference detector {720-740) having an input network (720,
730), and an output coupled to a signal processing path; and
means for providing said demodulated datastream (|l data), said reference
20 signal, said filtered demodulated datastream (710) and said filtered reference
signal to said input network; wherein
said demodulated datastream and said filtered demodulated datastream
applied to said input network contain symbol data which is oversampled at a
multiple of the symbol rate of said received signal.
25
2. A system according to claim 1, wherein
said reference signal and said filtered reference signal contain symbol data

which is oversampled at said multiple of the symbol rate of said received signal.
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said reference signal is a field sync reference pattern.

5. An apparatus for use in a system for processing a received Vestigial
Sideband (VSB) modulated signal containing high deﬁﬁition video data
represented by a VSB symbol constellation and subject to exhibiting co-channel

15 interference, said data having a data frame format constituted by a succession of
data frames comprising a field sync component prefacing a plurality of data
segments, the apparatus comprising:

a preprocessor {22) responsive to said received signal for producing a
demodulated symbol characterized by;

20 a filter (710) responsive to said demodulated datastream for attenuating
information at frequencies corresponding to significant NTSC co-channel
interference energy, for producing a filtered datastream;

an signal quality analyzer (720-740) responsive to said demodulated
datastream and to said filtered datastream for producing a control signal

25 representing the relative interference contént of said demodulated datastream
and said filtered datastream; and

an output network (745) responsive to said confroi-signal for providing to
an output channel said filtered demodulated datastream when said 6ontrol signal
indicates the presence of significant interference, and otherwise providing said

30 demodulated symbol datastream to said output channel; wherein .

said demodulated datastream produced by said preprocessor is
oversampled at a multiple of the symbol rate of said received signal; and

said filter network (710, 718) exhibits more than a twelve sample delay.

AMENDED SHEET
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5 said filter {710, 718) exhibits at least a twenty-four sample delay.

7. Apparatus according to claim 5, wherein
said filter (710, 718) produces an output frequency spectrum constituted

by non-overlapping upper and lower passbands.

10
8. Apparatus according to claim 5, wherein
said filter is a comb filter network comprising
(a) a first comb filter (710) responsive to said demodulated
datastream, and an output thereof; and
15 {b) a second comb filter (718) responsive to a reference signal, and
an output thereof; and
said analyzer includes
(a) a first detector (720-724) for determining a difference between
said demodulated datastream and said reference signal,
20 (b) a second detector (730-734) for determining a difference
between combed output signals from said first and second comb filters; and
(c) means (740} for comparing outputs from said first and
second detectors to produce said control signal.
25 g. Apparatus according to claim 8, wherein

said reference signal is a field sync reference pattern.
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data frames comprising a field sync component prefacing a plurality of data

segments, the method comprising the steps of:
generating, from said received signal, a demodulated symbol datastream
whichris oversampled at a multiple of the symbol rate of said received signal;

10 filtering said demodulated datastream with more than a twelve sample
delay to attenuate information at frequencies representing significant NTSC co-
channel interference energy;

analyzing a unfiltered demodulated datastream and a filtered demodulated
datastream from said filtering step for producing a control signal representing the

15  relative interference content of said demodulated datastream and said filtered
demodulated datastream; and

providing an output network responsive to said control signal for
conveying to an output channel said filtered demodulated datastream when said
control signal indicates the presence of significant interference, and otherwise

20 providing said demodulated datastream to said output channel.

11. A method according to claim 10, wherein
said oversampled datastream provided by said generating step is
oversampled by a factor of two for providing two samples per symbol; and

25 said filtering step exhibits a twenty four sample delay.

12. A method according to claim 11, wherein
said filtering step produces a frequency spectrum constituted by non-
overlapping upper and lower passbands disposed about a frequency

30 corresponding to the symbol rate of said received signal,
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said symbol rate of said received signal is approximately 10.76 MHz.
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