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H GH DEFI NI TI ON TELEVI SI ON VESTI A AL SI DEBAND RECEI VER Thi s i ve%' o
concerns a receiver systemfor processing a high definition tgloe bl&?
signal, eg.) of the VSB-nodul ated type proposed 5 by the G and Alliance in.

the Unit edw ®hssez The i ata from nodul at ed sPgrt$Is28hveyi ng
digital information in Hmmmmm sually requires three functions at a
receiver: timng recovery T0r s

synchroni zation, carrier 10 recovery
(frequency denodul ation to and), and; channel equalization. Tining

recovery is a proc i [RY I LS synchroni zed
to a transmtter cF@?kw{'ﬁﬁG@g%@gﬁg %EE@@&@#WF&?EQ%B sanpl ed at
optimumpoints in time to reduce slicing errors associated with

deci si on-di rect ea]}ﬁ?r Qcessj ng of received 15 synbol_ values. Carrier recovery
is a process by S ADYENHIOR cPRACAIMSF 2 sTeGRIYET SYPtedt fRkipsecessiaguertighdown
converted t s s ltal hate.fr < aseband),
is frequenc?/i fﬁlﬁﬁdtc%egisg%ﬁgéalﬁ% 1? %"ﬁ%&%ﬁ%g&? el?ﬁée %géﬁégti ng
baseband Si nflyr tiet iGrand AblBjances én ahenmited: Guatks.zat i on is a process by which
the effects of 20 changing conditions and di sturbances in the signal

transm ssion channel are conpensated for. This process typically enpl oys
filters that remyg AERvédyUde Gbsl POASROdLRLAT tsi N%s BAWJinD HifHAM
frequency dependent tinme variant characteristics of the trahsnTssion
channel , to ipfawmation fproywdy] sfonobsudlyi seawirasaphabe | fungtio®s at ra accor dance
with the principles.of. the BLESE t_inv n{li on, .a s%/sttemfor. ﬁrocessi ng a
recei ved Vesrtefali & ST4BBaFS (V%B?“m?é(m £y eW@PEﬂ{ﬁ Attt SATHP g high
definitijgn tekbevéry QftequdneyNatmelulafiohUeesSbaeBat)] adnddeAREREIat or responsi ve
to a pilot signal conponent in the ~ ~. O APR 2002 2 received HDTV signal.
The digital esaliauien of iMiAE| 1gaevery haskroeesst by whishpa deegivsrstlegka digit al
phase control. f ing.t : drgi g .at .an output in
response to g"@%'th roIlfs ssgé%}g}ﬁﬁﬂggd%tg ng\}\%gg%gﬂelrg&goagseaa{%%t fle 5 out put of
t he phase comtéived nsignalr to ber sanipdeld cit ngptimdmwpeimny lizcdiimer i sdueé t he si gnal
at the phase control network output, and a phase detector for producing the
control si gnRicing $IEASoASACIated il gsisiapdingetedy REQeesipg 9f meesiYsdhti on of

the Drawfg My Edi9VhiGest CarrRr FeOSVerdiif o Hb&ss by WHilPd MceReli BP

definition television
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.
Adaptive channel equalization is a process by which the effects of

20 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
channel, to provide improved symbol decision capability.

25

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

digital demodulator responsive to a pilot signal component in the
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(HDTV) receiver i.ncluding apparatus according to the principles of the
present invention. Figure 2 depicts a data frane format for a VSB nodul at ed
signal according ~ 5 to the Gand Alliance HDTV systemin t@OWRt ?@G
States. Figure 3 shows details of a digital denodul ator/carrrer re ery
network in Figure 1. Figure 4 shows details of a segnment sync detector and
synbol clock recovery network in Figure d. 20 Figure 5 depicts a signal
wavef orm hel pful in understanding the operation of the network in Figure 4.
Figure 6 shows details of a conpensation network for renoving a DC of f set
in the sygbeiveddDTVrsigmalpTheatigital dgmblelasgsineindss &iptpase contrel tnoe 7
shows details of an NISC co-channe| interference detection 25 network in
the syst &omprisng @ @gital phasg ontrehpeiwark taspiedugingpide dempdylated stasal wi t h

t he operation in Figure. R Z002 WO
99 23822%& %&%gggﬁég%%kﬁngﬁég@% ”a&%rg%s%%%%%aﬁég 'Fdﬁg’aﬁ%é’g

| nput sHDBYitpLEBRthé phRs®EBAER nBYWark fdtisrodaeinyos ldolnddimpledi vigsidh d¢fuihend
circuits and an internediate frequency (1 F) processor 16 1ncluding a double

5 conver signalatibe phasemasdidd inegwank pBRtpats Anshal phase wetectgndpy peoticing
appropriate auiomati c,gain cont rolth%A%%{ circ icés.. TEe received signal is a
carrier <019 50886l 3ignalERre¢iRANSE LS, PS%@PB‘? P&S8H by the Grand Alliance

and adopted for use in the United States. Such a VSB signal is represented
by a one-di nensi onal data synbol constellation 10 wherein only one axis
contai ns quantized data to |BriefdResuziptibnoyf theDrawdgier. To sinplify the.

Fi gure) not shown are signals for clocking the illustrated functional
bl ock8. As described in the G and Alliance HDTV System Specification 15

caed P00 oL BEte B URod R RS B e T R B
(HDTV) receiver including apparatus according to the principles of the present
invention. -

Figure 2 depicts a data frame format for a VSB modulated signal according
15 to the Grand Alliance HDTV system in the United States.
Figure 3 shows details of a digital demodulator/carrier recovery network in
Figure 1.
Figure 4 shows details of a segment sync detector and symbol clock
recovery network in Figure 1.
20 Figure 5 depicts a signal waveform helpful in understanding the 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.
Figure 7 shows details of an NTSC co-channel interference detection
26 network in the system of Figure 1.

Figure 8 shows a frequency spectrum associated with the operation of the

network in Figure 7.
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signal at the suppressed carrier frequency is added to the transntted
signal to help achieve carrier lock at a VSB receiver. Referring to Figure
2, each data frane conprises two fields with each field 20 i ndOUAPR Q13
segnents of 832 nultilevel synmbols. The first segnent of each field is
referred t@oasns2d i el d sync segnent, and the remai ni ng 3XUSOYRENX s ar e
referred to as data segnents. The data segnents typically contain MPEG
conpati bl e data packets. Each data segnent conprises a four synbol. segnent
sync character followed by 828 25 data s ols. Each field segnent includes
a four synbol segnent sync character foll'owed by a field sync conponent
conprising a predetermned 511 synmbol pseudorandom nunber (PN) sequence and
three predetern nedifgreSyMaoieriNrae B16AERS: ahd16g Mingd! 1D @bnhich is
inverted in successive fields. A VSB node control signal 30 (defining the
VSB synbol cAsessed dui en ispyeperwerkohd inpludings RFs3uming circuity #RRan002 WO
991 23822 PCT, d.b reserved synbol s
and 12 synboységg%ég%%?ff%bﬁg?ﬁ ﬁﬁ?&f?@%ﬁ%&l% dl%lkgvﬁl nuﬁ%‘gbﬁn th Figure 1)

t he passBBandcdnversidgrputinesi mabrcfdmmg‘S aun[E paSsbandcourpat tseghal 0 agdd over sanpl ed
digital synbol datastreamb é an analog to digital converter 19. The out put
over sanpl ed dAPEPRIALE FHHATRY HMB rOMBRPEAGC) Sirgeitpdlhaireaeived agrtand by an

11 di t al . b 11
3. gltlalgl pﬁasgefrg%gegt gﬁ%ﬁ@gs@aeé V&5 OMBHY1a \9@5&5 %3 }gb&d' %yp fpe by an a

00p I n response to t rence ot 10
carrier in tGmendeAdianee avi8Badhptabiforrase iturthe Ridtedr SthmzsesSwh DWN§Bit | phase

denodul at ed s dat astre as descy.i bed | reater d tail th regard to
P oure 3 ACHHY i, SPREREL The oRprimegsiopthagiorabebopssialifnor 15

dat ast r egm Wyhérepn %%lyS?onM‘KxﬁaéHchﬂg Gladfiked idaka 1totﬁﬁ! qeccweedr %gemeed synbol
rate) thereby providi'ng an oversanpled 21.52 Msanpl esl sec dataStreamw th

two sanpl es mclvsyn’B@Islthél tlee Fagursudiot tshowsaarpl signads foydlotkisgrthee based
pr ocessi ng, ’éﬁ‘ﬁg’e{ Sr gan goséngoblgag%synbol (one sanpl e per synbol) synbol

based proces nt ageous operation of subsequent signal
processing functions such as are associated with DC conpensation unit 26
and NTSC interference detector 30 for exanp %as w || be di scussed.

Associ ated with ABcdesribad me%d@fﬁl%r*\lhﬂnqes T\ gwstam spseifimtignd synbol

cl ook [ eFOvelycAAT 142 ool D Y SRALRLEELBe AN IERALALES dile wigpeti L] ve

data se nt “Sync tonpohent's’ of eac rame-from a. The

segment syncs mesriveedddto fiagefermiraa shownein YlglhaSEdAZQmm pitdt Cl OCk
which is used to control the datastream synbol n(@él ng by anal g
di gi tal convEighgl at the 19ppressed | Garpier cff%%’l%@edsl nHe ¢hf orarsmi eﬁ:l gures 4

and 5, net Wogllénal {oahglf‘g‘ﬁug@eo%amer lock at a VSB receiver. 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 63 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



WO 99/ 23822 PCT/ US98/ 21793 ' S 24 advant ageously uses an abbrevi at ed

two- synbol correlation reference pattern and associ ated two s%% dat a
correlator to detect the segnment sync. 5 A DC conpensation uni Ri22 an
adaptive tracking circuit to renmove fromthe denodul ated VSB signal a DC
of f'set conpayepssiue to the pilot signal conponent) as weCr/ugas2gi9dcussed in
connection with Figure 6. Unit 28 detects the data field sync conponent by
conparing every received data segnent with an ideal field reference signal
10 stored in nmenmory in the receiver. In ggddition to field synchronization,
the field sy 1 gnal wiRf, 0 Eal BN | oh. channel equal i zer 34.
NTSC i nterfegrégﬁ;é:%&dg%%lgéi%nﬁg?\oﬁ rdtajbgc?élso'%sgaljrvggi)lJ r’éb()(’rlsrm@crj‘%bg? ir?%(’?% 30 as
will be di sceopéed! from gtheapeviast &ield. Wi th regard to Figures 7 and 8.
Afterwards) the signal is adaptively equalized by channel equalizer 34

whi ch may operate in a conbination of blind, training) and

deci sion-directe : 4 h . ihed in the
Grand Alliance Hg:'ld\ﬁﬁggageﬁgﬁlgg flécgt ItH(;Eﬁ)Sgﬁgaﬁ Iia:ngl(l;lt %{ngggﬁﬁsﬁw 20 Bretl
et al., "SVSBumibdémiSuionyeitedntbDesn gversamledndigithl ispmbel MagistreahmTélyevi si on
Recei vers," | EEE il'r ansagt gns_on Confgumgé El ectroni cs, @HQHSt 1995.

Equal i zer 34%h|388'08a{° fE8Y ALV Phe  HedBF i YEBUY AVErsEBBiAdAiEitals Pat ent
appl i cati on GRhdtAdandN@romh REDCBG9 IR 7 deRbdisiRicdCre baddband &y QHE Ry tdigRLRSt r eam
fromdetector 30 is downconverted to a one 25 sanpl e/ synbol (10.76

Msymbol s/ secqergedulstor/carriqor resovery agivedrkzd?. This Thi dongohpicomvadl si on may be

acconpl i shed;.b ui t abl.e .downsanmpl i ng_n rk t shown to sinplify the
drawi ng) . Eq%lgtfgé’?’aiﬁ?%%ﬁcpegotog %éﬁﬁ’gﬂsﬁﬁé}t’@ﬂ?Iéﬂg,re%ﬁ?ncﬁha@ét noi se 3 0
random y1 o ot @drfisr tiiethey reeeive@ONSBeldhbiresm. RIAE Q2 pamtcad anebypak 36 ~ 0
~R 2002 WD 99/ 23822 PCT/ US98/ 21793 6 renoves the residual phase and gain
noi se i n t hepasepdemedyhatad sysbpobdasastpeam 36 desprihed by gieatce desrHe which
has not been . eceding carrier recovery network in response
to the pil otwgtlﬁg%g?fh %eﬁlgﬁ%egé' corregt ed signal is thgn trellis decodgd by
unit 40) de 5 interleaved by unit 42, Reed-Sol onon error corrected by unit

44, and descranbl ed (de-random zed unit 46, Afterwardg/)§ a decoded

by
datastreamis sudhREt &8 evsrsamples t%}? dBBus 8- 76 Mymbalysice YSEBhgyBPolni t 50.
10 Tunerqyd4, SIOr &of . gde Of o 28 .ZEek , phase
t racki ng1 qloogitg%t?éa?? gfll%l?sa gbsgdg?h %6?“@2‘-“ gn%lgg 'e%%'é?wﬁ%?“%egé%gY%fron
decoder 44 amyimbels aanbiherebd6 prawidiangplany oversamipled aZl.5heMsymeladéseer i bed in
the Grand Alliance HDTV System S{)eci fi c&%})&g ,&1; April_ 4, 1994, and in the
u

Bretl, et ' ap‘i‘tagﬁﬂl‘@iﬂi‘m q SABBCSHBFe S % UE§ %qu‘t‘%’_oltgofﬁﬁm &rforning
the functiongeOfsytidiSsaipiRNBasld PrEcedSinghk NAKLr B@%W?Xhﬁbl-@p-éyﬂlm' t 22 1s

performed by an all digital automatic phase contro PC) |1 00p to achieve
carrier reco(mey sample peasyni®l) cykdw! | basgd upmsessing, pptogucéonponent as a

referenceg,for . initial acquisition and a normmal .phase_detegtor. for phase
acqui si t10n. vaRtigseys “Peratien; 8F Bsedhsa?’ ${E0e1C BRIRESTITR GTISHETE r com whi ch
contai ns dat gu@x @ kiré iadghctate @RAGMNDO WongpdnkMorP ahit €261 and éTS@Ndom data i s
essentially disregarded by the filtering action of the denodul ator APC 25

| oop. The 10imerfpeepaeolesectet 30nfen examgple, aso wilbdbe dliscyissednear baseband
signal with the - center of the VSB frequency spectrumat 5.38 Mz and the
pil ot conponent situated at 2.69 MHz. The input datastreamis

advant ageously twasddciieed aviel SeDO! €9l diyd Aé¥oddlact 2252 Mgenlt nsynbe
denodul at ed datastream fromunit 22 the pil ot
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



30 conponent. has.been frequency shifted down to DC. .s~ O APR ~ WO

991 23822 PCTNS98/ 21793 Figure 3 show details of digital dem)géha&%{ 22. The
8- VSB nodul at ed) oversanpled digital synbol datastream from 2002
containing the very | ow frequency pilot conmponent, is applied to 5 inputs
of -a Hi | bemtodonsszer 320 and a delay unit 322. Filter 320PCHPBAITBE t he
incomng | F sanpled datastreaminto "I" (in phase) and "Q' (quadrature
phase) conponents. Delay 322 exhibits a delay that natches the del ay of

Hil bert filter 320. The | and Q corrponent§ are rotated to baseband using

complex mul tipli 24 in an APC logp. 10 Once the | pop i s synchronized,

t he out put O?Pnﬁﬁ%"gﬁﬁe@}‘s 2¥5¢% a8 @gﬁfﬁ"é%e a&‘é‘b‘ém‘bgf)g‘}r)%}'e.lat’f% out put |

dat astream f fefepefitd tpapleierand?4siozidié@dvwas syR®oRdaid! codimdr! @t gét gut put,
and is also used to extract the pilot conponent of the receive dat ast r eam
usi ng | ow pathe segmert 3YBE. The output Q datastreamfrommultiplier 324 is
used to 15 extract the phase of the received signal. In the phase control

| oop, the | and Q output signals fromnmultiplier 324 are respectively
applied t9 | ow passDCi tépensa3@én amit 388useki drf adgptRe61raddn 328rcaietd\Wyqui st

| ow pass filters with a cut-off 20 frequency of approxinmiely 1 MHz) and
are provi dedraRPVeef9ak thedemogdulated, ¥Ry sdgnal p;p R qffses compenentddupmsanpl i ng

by units 330 Sl ' it ap..aut omati c
frequency cotnos?}gﬁ %?lil‘:&;mﬁl %ﬁ@ggg’ eﬁf fgélrﬁ t%{]?tsglrl?sﬁg,ﬁt ﬁ%ﬁ%c*s?ig%na’ltﬁi S
anpl i tude |i Rigueel GyUniti 28 3R8ecto the duce fiebd s¢yoaovnponamgdyr shpardigent s of

25 phase detector 340. dPgase detector 340 detects and corrects the phase
I

di fference beYSIEeFFCENEY| dafAgsagmany Xt appidealq fiedd ireterengsysignalind devel ops
an out puig ph r; i i S firlt PG 4) eg., a
second ofr%ler ?tﬁgevcf Sg?geﬁbﬁfgb. Mefhgéﬁ vgg'e I}érﬁdr?goﬁ%f%i{?%lﬁ %Jchlﬁ(?lﬁ{a&‘%’ '
represents atler Eigliersgyc diigriadr progeiebed wemdningheigealpémt ebannel Zqpalddr 2U02 WO
99/ 23822 PCT[ US98/ 21793 8 pil ot signal frequency near DC) and the received
pi | ot signal3 requency. If the received pilot signal exhibits an expected
frequency near 5 DC, AFC unit 336 will produce no phase shift) The | and Q
channel pilot conponents input to phase detector 340 will exhibit no

devi ati on from a Ni8Gaintgrfengace adetecsiophase negdction oaxshperfonmhst dlyy upitase

det ect or, 340,QRr oduc a zer r. near . zero wal hase, err.or. o ut, signal.
However,lgf Pﬁeasr évégf‘?/ee 1%?“?%? 4 §f1eﬁltere9?ltia§i Wgﬁa BRI B r’!é%‘lrei&t gpéquegcy,
AFC unit 3368w Afterwaed|Cthed sighal &s SdilaptivelJhegualizeli b¥ohahndlnequnlaeei ti onal

phase difference between the 1 and Q channel pilot signals applied to the

i nputs of ph34evhichemayr operate Detaeé‘?@bm@ﬂeﬂp?fghl}&@stfamlwt error val ue
in response Lh-SqiPhRse Hiddsen 15,The filter S : i gnal
fromfilter ?g%gll%gl ?JlgsarrpI"S‘&dJef': ﬁgﬁf"rﬁ g?pgﬁggt i())ér 024@% g}@ g%s?%l&%{l ?‘or t he
prior downsasgd GrandAlliandes HEBV Bydtedd Spesificatian andQn34i8 apgele dbyeWwWat 21. 52
MHz. The_ output of interpolator 346 is applied to a control input of NCO
348, whi¢h |§é@ﬂl|ey Hegendt ddedem ubsystem ﬁpﬁswfo'r Srapeb P liancs: Pagitalpe

recei ved 20 qidilibfaRoelVeR, SAREE Trhiilesii ol Sn200n ARk "k @BkoP tabl es for
regenerating the pilot tone at a correct phase In response to the phase
control signdughsoibdhi Equalider 344lsanthagdbe of hihe oiypp utescribed\NGDa348 ar e

troll ed til th d i | t put f | tiplij 4 th
O o0, Bkt sy ka5 iaee Y §or B BRI Er B 238,12,
thereby indi ggfel Bﬁ%ﬁut‘?&até’stﬁ%ﬁp?fdrﬁ{ siaondr ! 7 ¢f doRaRbBANGtdd $4 Ineil S Present

at the output of tiplier 324. In digital denodul ator 22, the main signal
processi 2§ emsgmpée/epsbok i(A0IA6 dMsymbalesee) edmasteeaBBpricd38) equnlined 344. The

130 downsqpl g B ISt Wil 330 AMEER Guaiinageus! v saves

downsampling network (not shown to simplify the drawing).

Equalizer 34 corrects channel distortions, but phase noise

30 randomly rotates the symbol constellation. Phase tracking network 36



~0 aP~ 2~2 WD 99123822 PCTNS98/ 21793 9 denodul at or processi ng power and
hardware and permts processing efficiencies by allow ng APC@BORP el enent s
336) 338) 340 and 344 to be clocked at a lower clock rate, i.%Y) d%izﬂﬂj a
21 .52 MHz/8 or 2.69 MHz clock instead of a 21.52 MHz cl ock. \Wen a digital
si gnal proogssass2d (DSP) is used to inplenent network 22PERUSIAEIPhase
detector loop in particular, the described data reduction results in
software efficiencies by requiring proportionally fewer |ines of
instruction code) for exanple. DSP machine cycles are made avail able for

ot her si gnal essl . p . en.an application specific integrated
10 circuit (ﬁ@f’gs ?’Zé Egsé ‘512[‘08’?‘% %’%%rﬁa’%é&o\}%r K ;% FhRUty Senal g%ﬂ%ti on
results in reqoalgzd 3ar thedrdingnshap@Weisd QEHitK EHEBNASY basn Welnbvés dyeduced
integrated circuit surface area. The denodul at or advant ageously "uses the

pi | ot conporthtPreerdiisGi@erc B3GOVErY Metwarks yn rasrensepicoths pilet-signalar d

processi ng rat.h h I+ i C um ng_ f eedback
processi ng l}isifcn flzésltﬁi gtgféggéecgiss on lgg?lggdﬁgsg%%gg%ﬁlyeggﬁ Ag?m%?lel dat ast ream
is appli6d tinteslegvenbysynit 42)dRsgdvSolombm atrorecoryestyd Wy unR44as aghown in
detail in Figures 4 and 5. en the repetitive data segnent sync pul ses are
recover ed Zgigepqramb[quﬁ (géﬂ%ﬁh’ﬁ‘é’?é) Pt (Ui, 46 Aflerwardei vedeerdesst ream the
segnment syncg AR mSad shidefGhl &Y Gubic® YARXO L1 Lk 4T reg ing a
properly phaseﬁ 23. 52 Ie/l—g'etwi ce 531/19 oéfjﬁ?g?eé@ahbsﬁ)?ér?g%g?%éféhgoﬁyggﬁ{ rolling

t he sanplindgOperation 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 an associ ated segnent sync, for an 8-VSB nodul ated terrestrial

broadcagp si gnal Tuflera¢4OTHa166es8bE h 6! _fm@s?ﬂd fikdianeg, HghMispesd fication.
The segnent sync occurs at the beginning of each data segment and occupi es

a four synmbdhastteaoking lqom egiiellis dsavder H0iedd-inderleaven 4%atReedr 1 -1 -1 1
correspondi to 30,the anplitudg | evels t he se nt. sync pulse, from +5
Co L ePond! MhubBaioodsfet Mot Batiiust, 96055 SRR bRt s e Ce gren
Sync occurs 19gerdeseivtdsinTiid Grawd Aliaded THDUWE SYfemOSpédfitatich egnodul at ed
VSB digital datastream since the data has a random) noise-like

char act eri stApril #o 188¢.cend tinethe cBreslatet 5als yartécla mentiangd sebayendiirduitss, it has
been co nt | act| : p . ! e nnel .datastreamto
one inptr}zgeofgu%ggﬂaet ngcgéﬂrfé a@lgr,ﬁgah}/ °§‘§g%g°§r§9‘gé ralgf g?%n%d;%ﬁé;&%gn havi ng t he
1-1-11 cHafmeheristic to a reference input of the correlator for
conparison with the denodul ated data. The correl ator produces 10

rei nforcenent consistent with the reference pattern every 832 synbol s.

Rei nforced data eueids ted upul et QF ;a3 SOC] wth
the correlator. pr?t ervéﬁ{oﬁgﬂ?gﬁ o%g(ﬁoﬁa)rf%%dg?geﬁ] a?o?? lﬁztﬁgglgﬁggsappear
relative to piase reontbbr(@®PC)cluopetatachiese graener sgaveenopmehase Net wor ks for
recoveri se sync data in this 15 manner are known, .for exanple, from
he. G artd A OPRGE AoGoPEES Jhec BHIPL SORMNERLI oF 1o R RSB DF | IMUAL o)« art ol o

Tent i oned pr gyt skt al Sortell Opifhsk CEABA0F 39r gk AchREK. L e Segrent

sync is generally difficult to l'ocate, it is particularly difficult to
det ect in thgil®Osignek éhceanbefddad| ini plzet re¢eiyéb glatastreameli whishsconveimgover) it
itude |evels)

is hereinre nized that the |ast .t characteristic a
of the _segrre‘ﬁ%gsﬁ/ﬁ‘éﬁb’%t _%rrﬁn?‘-’T’ ﬂolﬁer' k%a%qt‘%ff."cgw uiﬁnéa&bgg{ar é‘ch.sn‘i ssi on
distortions sddemialy Widrkgdratd)byouhe tiddriddractibh Séf tN® dehrydardiey ispEcs of
t he segnent sync atternl\gll -1) are significantly nmore difficult to
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.



25 corrupt. In addition, it has been determined that even if the first two
anplitude characteristics (1 -1) of the segnent sync pattern are corrupted)
they typically corrupt in the same way, which makes the firdd ARR
characteristics nore easily detected by correlation techniques. Thus in the
di scl osed wyetoesm: he reference pattern 30 applied to thePCHVIRHIDr for,
detecting segnent sync is preferably ~ APR 2002 ' WD 99| 23822

PCT/ US98/ 21793 11 constituted by the first two pattern levels ( 1 -1)
rather than by all four pattern levels (% -1 -1 1). Thus the correl ator
reference pattern preferably enconpasses only a two synbol interval. 5 In
Figure 4) the oversanpl ed output datastream from denodul ator 22 (Figures 1
and 3) is appli eHigluoe dneh(si/gm:hlls' op utigivdl ﬂdsmsdaxlatet-&ﬂ.drhéwvsnd to an 832

symbol correl at ar gnal i hput of se detector 410
recei ves an Mfpuptes; é’t‘(& o g‘?‘dqé{%l‘é?l sygpoldatastspe g’@ﬁ%s‘m § p&th including

correlator %%Qialﬁﬂglﬁxea%@(?l&&eﬂe@%E?'ﬁﬁdtoé‘orﬁﬁ&?eﬁ'nfn Bgﬁ&?&@ gener at or
430 coupled to a referencé i nput of correl ator 3 segnent

i nt egrat 6r dnputacafuanilideast et 32band| mtdolay4eait 322eHilted 320r esponds to
synbol coded dat ment s Ref e attern enerator, 430 provides
the rel ati véﬂ}%gﬁ’ﬁp l%ﬂpé%'c%:t éﬁmpkﬁeﬁgﬁgée%tl%’? ?1 (in phﬁﬁér é89 15
permtting tdgg l@qﬁhd@itu?e iiihm)eéorﬁﬁér[e@ﬂtﬁtDélapeBMVeKhleﬁeanélW &hat ef erence
pattern is less likely produce confusion in the sync detection process)
particul arl ynatﬁhq;o&he éFlgﬁa‘Pf Eilbgrtt fiyas 320 dhesk anérQ @Qramrwpt& etd able

| nfor mat i on s e s bl 5648 S@o%p@xftrﬁmt@dﬁ%gg 4 48 XpLoy§g, confused i f

two of four rfelati ons are coerru WP on tine by

correl ajor 43fke shesiappi is spmshryniz&d] uhedoutpine op uhyltibliér omycigrg el ator 420 is
i ntegrated and accurrul ated by unit 424. A segnent sync generator 428)

i ncl udi ng a CHRIex Rasedbagd ﬁ‘%i‘abrg&‘ét EV‘IPPhédd?%F@?%*HBI Fony eaysplisrto the

out put of uny VingeNg At S t ri.ate times in
t he dat ast rea2tr4ﬁ g?’?%ﬁpgntggng t% %ée;r?%&slgt%?re%lgy%gﬁll%tael%a gl II‘Fhi S occurs
when the acoaxtracattherpildft canpémencecf ted aeesivsd sla(asegamnusmgnkowamae.ar ances)
exceeds a pr det gig igd | evel . Phase det ct Orﬂ'ﬁ-‘i & Co res tge phase of the
segnent syn it eb‘i)ltﬁ?ﬁpﬁlﬁ?SW?‘H QR ifpisedeirent sync
appearl [ rlexttﬂ%t q&&gﬁ%&@t(ﬁdt}ﬁaw&w&agﬂ fngpm uni t 3 0 APR 2002 ' WO

991 2382 PGT/ US98/ 21793 12 22) “and produces an out put phase error signal.
This error signal is |ow pass flltered by automati c phase control (APC)
filter 434 to prqduce ita r ntrolli.n 152M—Izvo|tage
cont ro e cryot I BEMErS CORCPLASRY, 4Sct A0 R IPUpELTBLNS FRinoT 5 Wi

over sanpl i ngmRItfp1fRE k3340 Tard\PespeblvellNapplsc b i 106 ?hgc lfi1R¥i 36t andr oper
timng when the 'phase error signal 'is substantially zero by APC action.
Synbol ti m n3R§ cridiexs) 3260@%39 |3§ecﬁmlé‘t éo"atpatshlfdt%blvﬂltth El'lfiét-géfgment sync

it omat 120 oSy 7o oPaiR e g Bt bl O ABTREE by e TG

frequency Suﬂgﬁaﬁsﬁﬁh‘ﬁ\ﬁatﬁ ipgforpid @1 Cdama)ctrwmwphhgeoy ameisv8so \anad si gnal ,
there is a DC offset in the denodul ated oqutput | synmbol data from

denpdul at or 332. The ddommsampled: Q sigpad Jsi Hitergd by rpne prtomaticnfrsAuenty i s

db
Reroval of ¢ Pt Ry ke 33k et Aubling 0 &SRRtk BTUCTRS) RS
symetrical Hmbled by alniesSp8i te.rpdece the tdyntmic rafigeameduivédibms gofal . Figure 6

shows detalls of network_ 26) which is es nt'aII a DC tracki ng feedback
net wor k.25ThePBaseafgterioRt 34 B@is\ﬁo kte%r J&fﬁ"é‘y 29 6°?’§°‘§ﬂ\fhﬁt8}§@6usl y

clocked at 1 MWifedddCh@WERR| theal GnlOQREiR ﬁh'l@eaﬂdﬁinhdtoe*tb{‘ihgﬁ | ggof the DC

conponent . I's action pronotes rapid conver ce o receiver and its
several i nt edessepsdent owpins phasenerron srgnml di/l)acbn&dinhereqbrlnbpan Ap€r ati ng

conditions fqQr processin ce deo dat di splay. 25 .In Flgure 6,
t he pversarrp? I #dfto§8ha e‘&c?j‘?ﬂ ‘g"rre e ek sz a'hP AR de el f set is
appl i ed to °8§ hmum)freare%emracmq@exﬁgmimﬁen&l@etw&d nu@ré;ap@gteanput (-)
of conbi ner 0 receives a DC conpensation voltage froma DC voltage

generator 616 3 0 in response to a control signal produced in response to
t he out put of



, %~ APR 2002 WO 991 23822 PCTNS98/ 21793 13 conbi ner 610 as follows. The DC
offset in the output signal from conbiner 610 is progressively attenuated
by feedback action at the twi ce synbol rate oversanpling ratekaa'm]:@ g@%
offset is detected by unit 622 and conpared to a reference by conpar r
624. - The owbtyg;gsgz of conparator 624 indicates the nagniteceussse1’pol arity of
t he residual of fset and is used to produce a control signal fromcontrol
signal generator 626. The control signal in turn causes generator 616 to
increnental |y adjust the magnitude and pajarity of a DC value which is
conbi ned wi t h ted datastre Thi s. pr,ocess .10 continues until a
st eady st at epnkoténﬁggﬁqgﬁg%e%rc 2a%%gd6§hé“ln§m°b§fc1eg§8b@i% 38P%lon no further DC
val ue adj ustffequén@y.e provided by unit 616. Generator bl6 may provide both
positive and negative DC conpensation val ues since transm ssion channel

di sturbances may cause the (positive) DC offset added at the transmtter to

vary such 15 tha Lii a e | iQn_val ues are needed
at the receiver. H&?gﬁﬁép‘%ﬁo‘?ﬁg" tdg Iell?ll gg{(,);fb\{%rgﬁg %ﬁénﬁgque.nﬁy e?$%r ence
det ecti orf neDEPAFG@nitn3F6 quill eprbducksnexghlase Skidl. iThet han&@nfafidli ance HDTV

20 System Specification) the interference rejection properties of the VSB
transm ssi onP4Sts FRBPARAt ABRY Hh Rhaee rdedkriein 90| wilhtaxbihit oo dreagipnnci pl e

conmponent s h cgﬂm i erd phgna el 6 MHz
tel evi si on gﬁgﬁngﬁ !}H-leﬁlgéﬁ?h pe?":u(g%i &ﬁ%t ?:ﬂggmggfh | I\%@%@c}lhégg baseband
conb filter.decibaor Bdnprdduceera metoc loesnenx hzdvo t vdlng hphaSe adrteenoatpuon (nul | s)

at frequency |l ogations of .interferin i gh,energy,.NTSC conponents. These
conponent s iﬂ&l‘édg'&?‘ﬁ"e"e\ﬁ déghec&?‘?ql ngé’gtségi‘a .%lq\’ﬁz AR IYAYEERE | ower band

edge, thg chieqidiRpC AFYRGR' 83 willopaidage S gﬁamhihi. s »&igaﬂsshneinvi deo
carrier frequency, and the sound carrier |oCated 4.5 Miz above the video
carrier freqaeraditi®@l phage gliffprneedrtwetnD the11238¢ 2Q PRENDSO$ilR1793 . 14

NTSC i nterfer.ence is.detected.by the circuit sho in.Figure 7 where the

i gnal -t o- | ntERTie e RO ket O BhiseebisRid? T dDreBio Hsirea at the
i nput and oug]wahcéa‘ ad 6@ipht fdridrevalaet Morkspoasdl th N@se phatd Qliffsreats, conpared
with each other. A reference field sync pattern 5 enployed for this purpose

is a programmed) locally stored "ideal" version of the received VSB signal

field Sy pattenfye i FLOYES.d ool S BAIPESH, IRIRULLE Loy BBRNTSls 5V b0

data are applied to an’inp 0 ection ctonb fi to a
first 10 inpwy wterpolatarpBéé e décpunartar tthe apriom@dotvneimplisg by anitsve

conmbiner 720. Conmb filter 710_includes a subtractor 712 which subtracts
sanpl es del ayd® B¢ I Sp hab NGO F4% operstsst ple2 i -AguMHz. dHcaotgupLbduce a

Comoes e e ERePAE 3 TR R0 Caftal Hhior O REL Ay oo

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 the 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



15 energy interfering NTSC frequenci es noted previously. The conbed | data
. fromfilter 710 is applied to a second input of multiplexer 74%.. Conb
filter delay el ement 714 advantageously exhibits a 24-sanple | aﬁP&szaagi |
be di scussed subsequently. 20 A progranmed 21.52 Msanpl es/sec (tw ce synbol
rate) ref érwoowabizel d sync pattern is obtained from | ocalpcrases2179dur i ng
field sync intervals of the received datastream The field sync reference
pattern is applied to an input of NTSC rejection conb filter 718) and to an
inverting input (-) of combiner 720. Conbgfilter 718 is 25 simlar to conb

filter 710, i a Y. &l whi ' _advant ageously

exhibits a Zgg&glgﬁhp gbrdgfgé;.gﬁiﬁep%‘g%l\?\oarn% w&gﬁrgﬁg,p?rmlﬁaﬁ?%ﬁ‘&ﬁ comb
filters 710, efficfersies bpeallsdngi APEdodp! elymerls\836S338, 5340 agkedqato 21. 52
MHz . 30 APF 2?% ' 99| 23822 PCTN598121793 15 A first error signal
produced at PHESHED A HIORIBPHErato e, HSiRE anth 57 AMHaS pr2dc MB2t ween

the r ecel vedhuel idseid o201 SIMEt: (R When d24RRL1 Sath gadelfe 1 ef or ence

field sync pattern. This error signal Is square and integrated
by unit 724. IASBedvnged torimplementnattworkd22 eddathet please uderettoofloqoriki ner 730
represents the difference be en the . received field sync pattern after
comb filteri R%tlﬁg‘/liafri |‘5%r§eﬁ8§’¥€n‘g“? HEIPERR FHEWLS 18| SPTEYHE pattern after
comb filteri effiddyndied tgr rgqlﬁringf‘ﬁrr%pﬁﬁm@ erdvdr Hin@Hadr ikudgHaped by unit
732 and integrated by unit 734. The out pug's of units 722 and 732 i O
represent theodeneiogyexgmpleeDEBsmaehing ecysiesonres mgdeal available font ethent ed out put

0 "o se CHRPAE SRt ARl Ve T RBHEALEE, A et o
conponent®, ctiesyieqAISIE) Vis Usedse impRafent etbt®B PP, BOIRILIEAIdE Si gnal s

are applied to respective inputs of an energy 15 detector (conparator) 740)
whi ch conpar BESUitheltnagfhced deardyare padi pewgr Feauiremerts, asdwelcand error

o Onal o o erRuDs i 08l LOM IRkARLORreA! Orhe ARldiEigl 0 2 conttol | ot

of multiplexer 745 tor causing mu I"exer 0 provide as a Data Qut put
that one of adwnitageouslyi gsesl shewpilch eothpéndrs foi @bkieve uadriiey retovery, bet t er
signal -to-nois ?2’811’]3' us..i rference ratio. hus . in the case of significant

t
NTSC co- chanfi® 43 efelﬁa' r‘f’f‘lréi POREFSFANE £FOAr dﬁf‘%u?‘o_&"r ioamplicagad i | t er
710 will19e opd Ruthe f éiSumilg TR dDABK gﬂéessg}gelu%irfgh litkH Hééiﬁf)ﬁd?z{tﬁ.ce' ved

synbol datastreamw || be output in the a nce of such i1 nterference. 25
The use of oversanpled | channel data and field sync reference pattern data
together with theuse of a,24:-sanpl e de in canb filJters 710 and 718
advant ageously pr ucdgﬁl‘ogf"}a%%%écggme’?n‘%%%ﬁﬁﬁ%dsaﬂﬂll’tedl\ﬁ"sée&’&-e%annel

i nt er f er encesynthiafid Aol 2066k $édoveRs WnitS 24 NasNBHoWR G R Weddif iNTSEures
interference analysis and detection and 30 better conb filtering.

Speci fical | y4 #fb us¥hen the sepeptize qéatayseement BOCAPRSE0BE WBOSI2BS22
PCT/ US9841 7853 S OBl ! LGl phdGrntf (A5 L OVRESaERh e nout data and

correspondi ng ci rcui ckingfresults In a co

spect rum whi s¢gmentnsgncsoureupsedd tdyachivvee propdr avypibiol ugimd ibgsi ng effects
whi ch woul d be produced by pr.ovidi ng an_1nput datastreamat 5 the 10.76
Msynbol s/ sec TeBFREMALNEa A cPIORRUY hRhaspd  &t-FAg wige spmbol 1ateand 718 at the

10. 76 Msynmbolgh Shfte XS for @Bﬁ’trolﬁgg {h‘gsy:lrﬁfalﬂgg operation of analog to

digital converter 19 (Figure 1). Figure 5 depicts 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 segment 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.



frequency spectrum produced at the outputs of conb filters 710 and 718 is
shown in Figure 8 and includes two conb filtered full NTSC pasmgg
conponents centered about but separated fromlO0.76 Miz. 10 Att R ot
not ches appear at the interferi'ng high energy NISC frequencies as

ment i oned:whioglssr 7 il 1 ustrates one formof an NTSC coclrammusbs2infser f er ence
detector including elenents 722, 724) 732) 734 and 740. However, 15 other
types of detector may be used. Thus these el enents may be represented by a
four-input detector) i.e., a so-called "hlyack box" where the detector may
be progranmed to operate in accordance with the requirenents of a

particul ar system In such case the four inputs are the two oversanpl ed

(two sanpl e/ synbdhg fdmpustysmlid as@mmmero&a& eqfly BBE dywibody Busarp! ed
inputs to CO"Ef'é!ﬁ i Wi th the out filter 710 to the input of
combi ner 730UEHSHE tBOERE TR gﬁmﬂﬁﬁ tt“gn SBTH@“&F (RRFEIeRTi Siore hgur e 7
produces a ChRamds' 8aHAREH, ZbisdAkL (Uil gty | ek HECs dpg%n t hout

associ ated anplitude and phase corrupt|on I asi ng) cause requency
over | appisng syict hedarpthese kondabgs, of hahebdemmemmpaasbdnﬂramn@abent with the

| ower banded th and .c onent. Conse uent y) .cochannel

i nterference &eéflg“ﬁng‘gﬁ%ﬁegﬁiﬁ?‘énﬁo g@fﬁea“‘iiﬁ)o%dﬁ‘ Uizl %G‘a‘?‘?A and 740
is nore aCCUé&Eﬁatfoha@ndetfoe@\§g@nabVefSreﬁiétﬂﬁeﬁ{TmaQﬁlg”'Qhe »»» ~ APR 2002 WO
99/ 23822 PCT/1TS98/ 21793 . conb filters with 12-sanpl e del ays processing

i nput data al the 110. Y&hpeagtasistic/toee refarense input of |the tdecrelaton dor case)

558 M., R Ren S s B b dabt 1% ROBRUREE bl vhen The 5

passbanom:orrmmmananecomﬂbﬁeowm hat eéfeeernzad @I@emoevs@ncselz at such
overlap. Such inperfect matching is likely to occur under signal channel
condi ti ons i ymbelsn&Reifiorsegdadata eyentsxaniep recunmHpedaby aan ragcemutater on

ol ded by Fogated SRARS Ul cHlrdfadSP. FRaNng HaRROR] ERGEARFGELCT B0C, B
use in a syséamlhﬁbns)rctisqgﬁaﬂgemr\«ecm vihd Weafdroédil cotielelednse gnvbis)

nodul at ed signal containin rgtgdgl nition video data 5 represent ed by a
VSB synbol cHft EPTRPNYHS F‘MO t EPThERFONEFRE SSEMERT AMRC rdpt4dn tiF g, 2)

constituied Hgénﬁexsuecazﬁ wnfaf egé’)r%lﬁlgf rf%mstheoapinusythga@efﬁm sync

conponent prefacing a p urality ata segnents, e apparatus conpri sing:
an anal og t osphcifi¢adionc emd rerar the Bodtlf et at.onstizle imeptbmied pregmivshd VSB
signal to digital form
It is herein recognized that although the segment sync is
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



1\0 a digital. denpdulator (22) for denodul ati ng an out put signal fromsaid
converter to produce a denodul ated signal; said denodul at or 'ﬁﬁ@%ﬁ
phase control |oop (324-348) conprising a digital phase contr

(324) fro pr

sai d control

according to claim%, wherein 20 said co
eghtaﬁigé

data digital
rate of said

oduci ng sai d denodul ated signal at an output in response to a
control st oRdlegnizdat a downsanpl er (330, 332) coupl ed to -pCTrushg2ipdsase

control network output for producing a downsanpl ed version of the si
t he phase control network output, and a phase detector (340) for producing

signal in response to said degnsarrpl ed signal. 2. Appar
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| ed
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at a nultiple of the synbol rate of said received signal

: and a

-344) of said phase control |oop operates at a rate reduced in
0 saifh d@gﬁﬁawplthago\f@s:ér@pleg?gutﬁut RupatRhMS fAgROr ding to claim

ai d downsanpling factor is
25
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signal input of phase detector 410 receives an input signal from a
data correlation processing path including 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
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
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
by unit 424. A segment sync generator 428, including a comparator
;N'lth a predetermined threshold, responds to the output of unit 424
by generating a segment sync at appropriate times in the datastream
corresponding to data ségment 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

the segment sync appearing in the demodulated datastream from unit



respectively receiving nutual ly quadrature phased (I,Q signals, having
reference 5 signal input termnals for receiving mutually quadgature phased
(SIN, COS) reference signals, and having output termnals for o apﬁmi
denodul ated in phase (1) and quadrature phase (C) output signals; a phase
det-ect or (®#60@¥23sm downsanpl er (330-332) responsive to sa#HaI/ISWIEse and
quadrature 1o phase output signals fromsaid nmultiplier, for providing data
reduced i n-phase and quadrature phase nultiplier output signals to said
phase detector in accordance with a dat algownsarrpl ing factor; and a

controlled [ 4 | di r r e _signals.,to said

ref erence i %tisddg%%sdg%gs %I ?"F%M gp&&lgﬁﬂg SLéIIpaz'r g?’&s eggg&gﬂa}ldstlgwcl aim5,
wherein at |mastfilsatd bjownoampikcephdsd3Ebnidl) (ART) seaier pRase geidetos (340)

operate at a rate reduced in proportion_to said dowsanpling factor. 20 '

7. Appar at usigRad otitaRls o5 epairoling 3 Fh-PeMHzacveltngsgcentrolledeenystalt or (346)
for providi dg5¢ f S al t . I d

ot e ence. | nCRAOH ERRICICAS DRflor’ ERIGA the 9732 MIEE (OEkBntiRe SN T
wherei n Sai cclptiader T8, Ties vampliag clock lecthibits ppewtimipg i wher 38¢l) havi ng

I n- phase and quadrat ur,e phase inpui termnals r respectively receiving
mutual |y qu ?lﬁ’é"rpﬁﬁggdls( i‘}t@g“t’sai"é[né?rg, gﬁa@%ﬁga“r‘@er‘%’r‘?&@ls IPME i nput

termnals f oM gt { p e \ ) nce
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signals, and having output termnals r outputti In 30 phase
(1) and quadsatunite4phds eal§cClapplied pat otheyrdgcederaciphirtseimtiuding or (340); a

Lt Pt IR S BB DAGE bR A Lo nsam o, (30 T
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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



p:, MENDED SHEET . ao~R~2 20 a second path including a | ow pass filt
and a downsanpl er (332) for coupling denodul ated Q data to anot her

sai d phase
signals to
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Vestigi al Sideband (VSB) nodul ated si gnal

detector; a controlled oscillator (348) providi ng-asﬂalﬁﬂ

er (328)
| nput of

r88&r ence

sai d reference i nputs of said nultiplier; and 5 an interpol ator
(346) for-ywHoeragiang i nterpol ated out put signals from saipdTfisgea793et ector to

ator. 9. A nethod for use in a systemfor processing a

data o represented by a VSB syrrbol consty | ation, said data havi ng

frame forma t |5|ng
sync corrponénlﬁgfér%léféal? ﬁsg fglyop ur ?’?ﬁﬁagf%q r‘r}&m Slg‘f gnal
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to incrementally adjust the magnitude and polarity of a DC value
which is combined with the demodulated datastream. This process
continues until a steady state condition is reached wherein by
feedback action no further DC value adjustments are provided by unit
616. Generator 616 may provide both positive and negative DC
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.

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
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
located 3.58 MHz higher than the video carrier frequency, and the

sound carrier located 4.5 MHz above the video carrier frequency.
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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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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 better comb filtering. Specifically, the use of 24 sample delays in
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9x9y99}r g\ = effects whlch would be 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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the upper and lower 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.
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Sideband (V_SB) modulated signal containing high definition video data
5 represented by a VSB symbol constellation, said data having a data frame format
(Fig. 2) constituted by a succession of data frames comprising a field sync
component prefacing a plurality of data segments, the apparatus comprising:
an analog to digital converter (19) for converting said received VSB signal
to digital form;
10 a digital demodulator (22) for demodulating an output signal from said
converter to produce a demodulated signal;
said demodulator including a phase control loop (324-348) comprising a
digital phase control network (324) fro producing said demodulated signal at an
output in response to a control signal, a data downsampler (330,332) coupled to
15  the phase control network output for producing a downsampled version of the
signal at the phase control network output, and a phase detector (340) for

producing said control signal in response to said downsampled signal.

2. Apparatus according to claim 1, wherein
20 said converter (19) produces a sampled data digital datastream which is

oversampled at a multiple of the symbol rate of said received signal.

3. Apparatus according to claim 1, wherein
said data downsampler (330, 332) has an associated downsampling
25  factor;
said converter (19) produces a sampled data digital datastream which is
oversampled at a multiple of the symbol rate of said received signal; and
a portion (336-344) of said phase control loop operates at a rate reduced
in proportion to said downsampling factor.
30
4, Apparatus according to claim 3, wherein

said downsampling factor is 8:1.
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respectively receiving mutually quadrature phased (I,Q) signals, having reference
signal input terminals for receiving mutually quadraturs phased (SIN,COS)

reference signals, and having output terminals for outputting demodulated in-

_ phase (l) and quadrature phase (Q) output signals;.

a phase detector (340);

a downsampler (330-332) responsive to said in-phase and quadrature
phase output signals from said multiplier, for providing data reduced in-phase and
quadrature phase multiplier output signals to said phase detector in accordance
with a data downsampling factor; and

a controlled oscillator (348) providing said reference signals to said

reference inputs of said multiplier.

6. Apparatus according to claim 5, wherein
at least said downsampler (330-332) and said phase detector {340)

operate at a rate reduced in proportion to said downsampling factor.

7. Apparatus according to claim 5, further including
an interpolator (346) for providing an upsampled signél from said phase _

detector to said reference input of said oscillator.

8. Apparatus according to claim 1, wherein said phase control network
includes:

- a multiplier (324) having in-phase and quadrature phase input terminals for
respectively receiving mutually quadrature phased (1,Q) srgnals, having reference
signal input terminals for receiving mutually quadrature phased {SIN,COS)
reference signals, and having output terminals for outputting demodulated in-
phase (l) and qua&rature phase (Q) output signals;

a phasae detector (340);
a first path including a low pass filter (326) and a downsamler (330) for

coupling demodulated | data to an input of said phase detector (340);
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9. A method for use in a system for processing a received Vestigial
Sideband (VSB) modulated signal containing high definition video data
10 represented by a VSB symbol consteliation, 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 signal processing method comprising
the steps of:
converting said received VSB signal to a digital datastream;
15 demodulating said digital datastream to produce a demodulated
datastream;
said demodulating step including the steps of
providing a phase control loop comprising a digital phase control network
for producing said demodulated datastream at an output in response to a control
20 signal;
downsampling the signal at said output of said phase control network in
accordance with a downsampling factor; and
phase detecting the downsampled signal from said downsampling step to
produce said control signal.
25
10. A method according to claim 9, wherein
said converting step oversamples said received signal at a multiple of the

symbol rate of said received signal.
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12. A method according to claim 10, wherein

said oversampling multiple is two.
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