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CHANNEL EQUALI ZER This invention concerns adaptive equalization off % DEcdgm
signal transm ssion channel which nmay contain high definition tel evision
information. The recovery of data from nodul ated signals conveying digital
information in synbol formusually requires three functions at a receiver:
~0 timng recoNfi¥ior symbol synchronization, carrier rece¥gi¥ofifsgauency
denodul ati on to baseband), and channel equalization. Timng recovery is a
process by which a receiver clock (tinmebdase) is synchronized to a
transmtter clock. This permts the received signal to be sanpled at the
optimum point in tine to reduge chance of a slicing error associated
wi th decision-directed 1b proi@ﬁ%{%ﬁ&%ﬁﬂmlgﬁﬁbol val ues. Carrier
recovery is a process by which a received RF signal, after being frequency
down converted to a |ower internediate frequency passband (eg.) near
baseband), is freqthipigvenkion cerrerns adantivareduslizationrmifia videvsignatl of t he

nmodul ati ng, b?‘ﬁ%ﬁ@ﬂ%s}dﬁf&{aﬂﬁ&i Wikich 2% m{%igih?%l% g%%@ﬁéﬁfégﬁg%ni cation systens

enpl oy adaptive equalization to conpensa 8f changi ng
channel condi infamsatéond di st urbances on the signal transm ssion channel. The
equal i zati on process estinmates the transfer function of the transm ssion
channel and applies the inverse of the transfer function to the received
signal so as to reThecovery bf @dtafiom mpduhed bighalstconveyehd &igital Channel

equal i zation typically enploys filters that renove froma recejved signal
anpl i t ude andpERaH ’é‘t%h%%‘é@-@ﬁ]ﬁ’i’ﬁ@mﬁ%&?% ﬁﬁ“@ﬂ?ﬂéﬁ\%tya%ﬁ'éﬂﬂent time

vari ant rqgpogisfingredoiéryl oAb SYRENEHRBANGH, cabPér RYSEPY Bredulnier eby
provi de i nproved synbol decision capability. Equalization renoves baseband

i ntersymbol | Aempd@ptine o passppndaand ghannebequalizatipn SEming coraverlis a

di st ur bances | i it eri . e 1.SSi on
channel . 18I %&%@Ngﬁ% lll?ggyg aécéé: (i\t/%éle%g 5%%%%%9‘%%9%% %{L o?%'é@%@grt he
val ues of precleck.Mhiaperniitd thewecaved sigudlsto e dampdeiti the loptimtuh66diG6in + a z
floc 2~2. WD 99167946 2 PCT/US99112143 represent ol "ghosts" since IS
i ncl udes advaﬁ‘&eatogﬁ u‘ifeﬁligﬁéﬁn%cﬁ%]gl% °rra§§?fé%ﬁggvgah‘5ercé$‘§?éﬁﬁcéeiynbol

! ocaéI ion i gpgjcuﬁ'mgf:l@tlczieséi%u 5y86HAd valuls. @Q&Miru@vg@wa!ailﬁeéesb Blysxaﬁaﬂai al l'y
an adaptive digita ter. |n systens using an adaptjve equalizer, it is
necessary to b‘?CSVieé@Elamﬁ:ﬁflhBéebkgﬁﬁlg'ﬁﬂ}l?@yt‘ﬁ’@mf‘PPY%‘Pe‘iTé’sﬂ:) $€ so as to
adequat el y cogmenasdigtd ﬁéqxf‘eﬂ_@f P&ésbﬂh& g%ﬁ,tde% BasehBME), & fr@%&%% krRAds e
avai l abl e for adapting the filter coefficients and thereby the filter

response. Onebaseband te pemnitaedeveryaithopodulatingdasebandinfosmations (LMS)
algorithm In this algorithm by varying coefficient to values as a
function of a representative error signal) the equalizer output signal is
forced to2approxi ndaey digitdfl datnoendahizatienpisystans Spbyadaptivesi gnal i s

equalization to compensate for the effects of changing channel conditions and

disturbances on the signal transmission channel. The equalization process
estimates the transfer function of the transmission channel and applies the
inverse of the transfer functiori to the received signal s0 as to reduce or

25 eliminate the distortion effects. Channel equalization typically employs filters
that remove from a received signal amplitude and phase distortions resulting
from a frequency dependent time variant response of the transmission
channel, for example, to thereby provide improved symbol decision capability.
Equalization removes baseband intersymbol interference (ISI) caused by

30 transmission channel disturbances including the low pass filtering effect of -
the transmission channel. ISI causes the value of a given symbol to be

distorted by the values of preceding and following symbols, and essentially
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formed by subtracting the equalizer output signal fromthe reference data
sequence. As the error signal approaches zero, the equalizer apprb'édﬁ&s
convergence whereby the equalizer output signal and the reference data 15
sequence are approxi mately equal. Wen the equalizer operation is
initiated, tweoseeidicient values (filter tap wei ghts) areCUEM1Y3 not set
at val ues whi ch produce adequate conpensati on of channel distortions. In
order to force initial convergence of %0 the equal i zer coefficients, a
known "training" signal nmy be used as the reference signal. This signal is
pr ogr anmed TERTEBHILA STBok "Bhpsim sines 1S] dncludesadyancedmns dalaxad syiedd i s f or ned
at the recey t i : G the training

si gnal fro%lﬁgesgﬁ%tﬁg? %%Q%Ilﬁdeg%gglggﬂb\@éeﬁ%q%:{]?ggé ﬁ%ﬁgﬂ#%%l ng signal hel ps
to open the initially occluded "eye" of the 25 received signal, as known.
After adaption .t hil I h., Lhe, " " h ened consi derably
and the equali z)é:;/}r1 a:agf:fsi%e %‘i‘ﬁ%@e{% e%L%E%H iaéln%dcﬁpﬁégtd é%%gggt%é‘t ’ng mode. In

t hi s node fsystamsasingagadapiveflequhizdr] itienedeagaryed gidvidd s n€lddeafed by usi ng
t he actual val ﬁes of nbol s from tthe out F"ﬁt of the egua#i zer instead of
Using the AHAPHAPE P AFEISoRee sAas e AL CORRERSRIEIF SN0 mode | s

capabl e of digtaftiondgSévedalcapsrethims Wretavaitabla for st pGiRgAReH1te} seBidié RS noOre
rapi dly than net hods  using peri odicall éﬂtransm' tted training signals. In

order for d8€it8ershydhe Bttebrrsparss Pratyidely msepmsthodeemplpyaiiedasshver gence
and 7 D Moa00duME) BVST S6RET/ 1SN Jigddihus tytvabl ecashibiont ent val ues,
approxi mately 90% of the decCisions nmust be correct.” The training signal

hel ps tWe @glnssiasarfunctiorecfa represeatrtivesrrarcigrgddhe iegnalizeyelitputn sone
systens, h V. r.ai.ni.ng:.si | ol o) i | I n_such 5 case

"bl i nd" eq%%agg t;oglcr?tditg ag*’ enﬁ%tgg%etf%r%%&o\i/a}tg\ég‘#%%??‘a hl?:%ﬁ\%?ﬁ@%]t’@ of the
equal i zer dameiidd loy sulitractingahe agaalizer botpue sighal fym the refeeence ldatd he bl i nd
node, filter coef %h}ents ar.e Bgoarsel}x az([}jru%ed ieﬂ' res&(z)rns to an error

si gnal whi SRITLCE: Y DL ABPIRANG A Rt ORATIUHET PBRC°267¢Sal gori t hm
Among the nrBfverpoitielvitiertby thb @pidBEerZaithb @ sig ) @htithesefoFetict AgtaConst ant

Modul us Al gorithm 10 (CMA) and the Reduced Constellation Al gorithm (RCA).
These albgorsPavgRse are approximately equgl exanple, in Proakis, Digital

Communi cations) McGawHill: New York, 1989 and in Godard) Self Recovering
Equal i zation and Carrier Tracking in Two Dinensional Data Conmunication
Systems," | EEE Whensthetequakizezropaxstionsis initintedsthengofficiengvalugs (fltery, t he CVA
relies on th t hat ., at SR t nodul us of the
det ect ed dg?g‘ée%%gf%reéﬁgﬁ]ilﬁnﬂ geeQ%ﬁga %%Chﬁ%%n %gqge I ni ng one of
several (capaipehsatidnosf)chanhnelldistoxtfondi If @ddento fdrcarinitinl sonvEngerlREAL r el | es on
form ng_ "syper canstellatiopns" within the jymin.transmtted constellation.
The dat¥ sﬂgﬁgﬂuﬁyeﬁ? °1F8E08&n98nf P’ta“?“ﬂgosuﬁnild’bﬂg%ﬁ?f'éitaeﬁ tion, then the
super const@fdrahdeQigral. BhiBdighall Rprbpramitabdigebdthehe Orapbinitier &enst el | ati on.
In a conventiagnal systemusing a feed forward filter (FFF) and a decision
f eedback f ineeiver; Bhipreos sigmahis forped af the repsivanyi wRfragtipg presally adapti ve
blind equal &@Eét@@c{ﬁ}%f ﬁ@gFa%&igg-sfglx{aifﬁfoﬁl%e%y;sd%%fu:i@amtweaI signal 25

t
acqui sitionm I nterval.” The es not provide equalization at this tine.
At the end esfualiber. Bhe tchisipgasigned helps to npesy thelinitially qorinded "evel pftheed f or

deci si 095

received signal, as known. After adaption with the training signal, the "eye"
has opened considerably and the equalizer is switched to a decision-directed
operating mode. In this mode final convergence of the filter tap weights is
achieved by using the actual values of symbols from the output of the
equalizer instead of using the training signal. The decision directed equalizing
30 mode is capable of tracking and cancelling time varying channel distortions
more rapidly than methods using periodically transmitted training signals. In

order for decision directed equalization to provide reliable convergence and



directed equalization. In the decision-directed node, filter coefficients
are updated to finer values by using a decision error signal whi & PEC 2002
cal cul ated by using a known decision function. At this tinme both the FFF
and the DFF have 30 their coefficients adapted (updated) in response to

| ocal | y genewebsehsmont rol signals in a decision-directed PEMESIEI) based
on differences between synbol sanpl eso:gppeari ng at the input and the out put
of a slicer netvvork Thi s 1 7 DEC 2002 4 approach has di sadvantages. |f
S|gn|f|cant I host effects are present, it will be difficult for the
FFF to achi® é%ﬁ?ﬁ?lg "anlB?P’ 8PProsimaely 99% of thecdacisions apustibejcotrect.

cont ani nat ey dy¥aS¥Pakn the equlifdURhiet8 tm@o%amreeﬁ)aécﬁ&?f&& the FFF

enpl oys both pre- cursor a post-cursor taps he post-cursor taps of the
FFF 5 overlap with the post-cursor taps of the DFF, which is not an

Cype descr i bed PhELRS Glath B0 o LAl LRl 8 Y Rl P dedtn o0 0 e
digital si gasd "himdéequailzaltmnlmd@m asaficoiprovde frdtidbentkefgentest thOFF) vvhl ch
exhibits differe era nod efore and duri decj.sj on-di rect ed
cqual | 2at | G PPREAR yalteR Boie i in 6 to aPes. 14 Pligkmorbedback
filter dur |ﬁ1€erbéﬂﬁ61eﬁ€§Jﬂelc3§isleE’fhdJ @4ted & rebpbNe-th iaR@aforfdigra® whidh fshe

deci sion-directed_pode after blind equalization. In accordance with the

pri nci pl es @fcuaied By eTpleying g #newBfunghiom, gy algprithimnAmpng fhemoster £ or
processi ng @y qmld%ﬁgl1m:§dlgﬁ?dhn9@ﬂteach9Uaﬂsﬂa)ixgﬂdoﬁuﬁs d@ bt on Vi deo

information conprises a f forward filter (F I ston feedback

filter YDFECMABrn theRadured@endteliatingredlgorithun 4BCA).Shese algoothmblirand and
deci si on- d'cﬁ&c%ts?e% ?&% ?mgn O&i’%&fhpﬁ {tbP&Jpﬁ{hu%‘an&éaﬁs & duhioure 1 is a

bl ock diagramo an adva ced evi sion’réceiver, 'such as a
hi gh defi nlNewaorlelleS\%Bsmndnn(GdBIk@ Setfcitdcoesring Eqwhalrhangnand&ﬂaaﬁbr ve equali zer

syst em accqydi to.th rinC|p of, t he se L nven . 25 Figure 2
dopi ot s 5 dPsRPEdRT PR BatSEob AR hECoRlNG 4Ehe orand

Al liance HB.!TMnsa@ioaerbn \Qonith @hiestidns, NoﬁDIbSO&B?i@ﬂﬁ,%'eWHDIHeﬁdrﬂﬂﬁ' received
by an antenna is Qcessed by an input network 14 includin tuni ng

circui t¥ daeidihpt. eatég;ldé‘ﬂ%l%hn%t&‘htér thegnodilygolthefetgrteddatn %a]tse f requency

passband ougpiig 154 &S‘Q'locuﬁ%gp@iaw&’éﬁd;ﬁé &Q@f’s@v&‘am&ﬂéteﬁhﬁ&ycﬁéles opr exanpl e.
The received signa 7 DEC 2002 WO 99/67946 PCT/ US99/ 12143

5 is a VSB diffeentdisanetprm The RCArealiss on dorming (jsupep ponstellationsiwithin ance HDTV
system in the htt?aﬂns% ngéeﬁ%%%sﬁfgﬁ?ﬁ ¢n, TRe §d% Vﬁ&ghal' i3 ﬁ&&%&%ﬁ% gy 52

onedlnen5|onal ata Sy one "axi s contains
super constellatlon then the super constellatmn is subd1v1ded to include the

20 entire constellation.

In a conventional system using a feed forward filter (FFF) and a
decision feedback filter (DFF) as equalizers, the FFF typically performs
adaptive blind equalization (not decision-directed) during the initial signal

25 acquisition interval. The DFF does not provide equalization at this time. At
the end of the blind equalization interval, the DFF is activated for decision-
directed equalization. In the decision-directed mode, filter coefficients are
updated to finer values by using a decision error signal which is calculated by
using a known decision function. At this time both the FFF and the DFF have

30 their coefficients adapted (updated) in response to locally generated control
signals in a decision-directed mode, eg., based on differences between symbol

samples appearing at the input and the output of a slicer network. This



guanti zed data to be recovered by the receiver. To sinplify Fi guf £ D’JE,C %ﬁ&

, shown are signals for clocking the illustrated functional blocks or a
timng recovery network (as known) for deriving timng and cl ock signals
fromthe received signal. As described in the Gand Alliance HDTV System
Specification dated io April 14, 1994, the VSB transmi ssion system

transm t spgaiaRhvhiddRaBlestigebet dghrichhan® 40 BRbsASIfRlMArd Prddedtrg 2. A
smal|l pilot signal at the suppressed carrier frequency is added to the

t ransm t well bei djffidult fornidlepF e o ecbievarequelizbtok sirtceathéSBIteecentartap will
Referring to Figure 2, each data frame_conprises two fields with each field
i ncl udi ngemt§’%d??éﬁ§sbvofy'@§2?n%rl‘?$tf5ev@ §081 89 ipbE-sand R SHONest s T of
each fie j 1 iel , 1 L Qi
ceqrent o AP ELF BEAchR P A4S ArSBORER THRORe R BB AT EFE gaa

packed s. otzadip datiatisegoentucsyimaps es thefDEF, Whighols seOa® REfiSiEAE ueBafact er
foll onwed by 828 data synbols, Each field segnment conprises a four synbol
segnent SR t3farHs dmitasiqroiterv aiged biyi @ sustam ©f 2be dyppsiesatibediplisi ng a

d ' . d . d th
P edet or PR B2 MR R T ALERT DRERR alfibhal SO8RNGRBNoPL Nefifins oo
I n succegeetsibh ebeBback MBE (DR WA Bkhibite i fekedRidgtrBang Mo ¥&BbeydHRO!

constellation size follows the l'ast 63 PN sequence, which I's in turn
f ol | owedahy ddgingedanisied-dradied ©qaatizatiors yomardiEcalbpitbd DiFowp2satehespa evi ous
unit 14 is converted to a baseband

field. Th d out put si | f b
Lonl oiReRaadRactk MeRtuana iR Pafi-8loberod s Same s THiarindPeyaan) o

network A8.icRML & gi LS+ as cribed in the Gand Alliance 30
HDTV syste% Spec:r{lﬂi%gatrf\g% aznd t|§Iﬁ:ﬂrag{ﬁ&'art Fgﬁé by W Bretl et al., "VSB Mbdem

Subsystem Design for G and Alliance D gital Television Receivers," |EEE

Transactions on Consuner El ectronjcs, August 1995. Briefly, carrier
recovery 1 N PECQrdopee With §be prioseles pEthessesentingentignna d@italor med by a

frequenc mgﬁ F%Q@Sc [ I i.| 01, Sl . CO nent
i ncl udedX'iqn t Ie rgé%gfggﬁﬂﬁh‘?%q%é Q%Btﬁgﬁ!aﬁgﬁé}so%tsiﬂ?}al %Sgg%hh@ E@g‘nal from
net wy k défisigivhalidso dmoymizeioavesmagrites baape!forlabead SiteboFBr)adg dedigah
axis. The denodul ated synbol infornmation fromnetwork 18 is converted to a

di gital trRedkeckddtardlFan Bedl e FoF @ingi PEF opensteradaptidvely imbatk &fjndrand
synchronjzati on..recovery and clock (timng) recovery are performed by unit
15, whic “H E?Di%'([ﬁﬁaé rﬂéfj%r ks as described in the G and Alliance HDTV
System Specification and in the Bretl et al. article nentioned 10
previously. A Segnent Sync Detect Signal is provided when data segnent
synchroni zation and timng recovery have been achi eved. The output of

anal to digital converter ;19,.is also. appljed.to a data field (frame) sync
conﬁent detector 17. Net f’ﬁé%&ﬂ’ﬁgpﬂ ‘ffjo}/’epQW’éan 15 data field
(franme) sync conponent detection also are discussed in the Gand Alliance

HDTV specification and in the Bretl et al. article. Detector |7 provides a
Fi el d Sync DeFigate duspubloskgtiagrano ofia popiot ef soradd@nekdrtetendsidatracéivet,d

sync conponent has, been . detected. Th jgital,data fromunit 19 is
processe Ogyaaﬁk@aaﬁfq?w%ashei%qn ﬁ@R%ﬁweeewsg W[qd'maai adapivgd. An 20
equal i ze j liwBr ] I : unit 60 and
p(r:]ocesse%qlga;‘égﬁ?ggttewntg%\%rrcﬁhgza téﬁ@eﬂagﬂfﬁgﬁﬂjcflgg?%@?%gglg%I e, trellis
decati ng) data de-interleaver, Reed-Sol onon error correction and

audi o/ vi deo decoder networks as known and described, for exanple, in the
Bretl articl eFiger 2oirRicEbadata fiamefoppeattaysoV B sionel ageerdin@itethedeo

pr ocessOé§anad1ﬂ”?a§m%q_c'ib?bij§8n{epr oducti on devi ces.

In Figure 1, a modulated analog HDTV signal received by an antenna is
30 processed by an input network 14 including RF tuning circuits, a double
conversion tuner for producing an intermediate frequency passband output

signal, and appropriate gain control circuits, for example. The received signal

AMENDED SHEET



The segment sync.and field sync detection circuits in units 15 and 17

. provide output Segment Sync Detect and Field Sync Detect input silgh®ES 2082
control signal generator 66 (eg., including a mcroprocessor) when these
sync 30 conponents of the received signal are detected. M croprocessor 66
responds to tygsssradsgnal s for providing output Control sigrealussgz#ian

out put reference PN (pseudorandom nunber sequence) signal to equalizer 50
as will be discussed. 1 7 DEC 2002 WD 991 67946 PCTNS99I 12143 7 The PN
training signal sequence is a fixed repetitive pattern of binary data as
speci fied bys ¢ NéBGnadulatdd sigmalesigpiposse éurivsk bgtthe Gramhdllisnca HYEPr ogr anmed

ref erence SI a u ontgrql signal qgenerator 66 fromnmenory 70.
Since the di sr(} J;lea1 ft gr p%gedﬁtg&sqt %P‘gaagﬁ%’;ﬁlé‘ﬁ’gﬁs TePrest Bho®%act error is
gener at ed bylimbhsiomldgtd bpnmlfcﬁﬂgtens:@mb@hmﬁﬂoﬁmnstaﬂrse,dnfaeﬁﬁr ence PN

signal and the PN traini Bg si gnal__conmponent of the _received datastream
during the fMaplz aitn Pg rerevereqhy the meceyiershosimplif Bigurel, mate swi t chi ng

of Milti gl eXRéwn 2be s1§§aﬁrls'r ASckifly mfanfaura@d fhﬁéﬁdﬂammo@l@md&@hﬁhg“ di rected

operating nodes as will be discussed. to The output si unit 19

cont ai ns di geqoaerymtaoeis%émowa@fqrrdeewnsgymmga dpcfl@mmie fionSihe caused by
transm ssi o E@a é-n i sturbances and artifacts. This signal is applied to
areal (in con rast-to a conplex) feed forward filter (FFF) 20 operating as
an equalizer, eg., a syrrbol rate spaced x5 ( T-spaced”) equalizer, which in

this casei5| dasa o]} . Fl i r. The caeff.icient val ues
(tap wei ghts) of}%% fgﬁn e gé%%ihépéﬁggj# 5%%?’9}55?89%%‘?%8 tﬁé

Coef fi cient A@@numplgsm gHaVSBrwmdmbhbﬂlsﬁét@ﬁ t%s@ﬁtéﬁddth vi€h dlpi@déﬁse&i 20 The
equallzedsg +rfro filter 20| COITbI ed r 24 with an

n ad
equal i zed siigHhiramedpmatasshom 6‘n‘nf ?’P? BHots é‘rtéb? ng as an

equal i zer. x%eserdedmﬁeﬁfrh@i&fcwﬁmedlta&ﬁé frahsifted@indI8eRKRA by FFF 20.
The coeffici enlt) val ues (tap weights), of equalizer filter 30 also are

adapt i vel y @ghieveramsiergck aia ¥oBreceivesnReferming to Flgllgﬁh%\leaéh data freme swi t ched
Error signal ized b
oFF 301 o prouPrt AL PSS sl inlRid Bt acbb AR of @iziRuBiNA 200 B
coefficient symlbulssThdﬁpstesdgmaptleﬁwdbx fiehl iseeforreddo ho atfiedd ﬁmie‘ntpamht Cont r ol
signal duri n blind.a q_\éi ,ﬁ;iem Si on d| ect ed Oxﬁ:er'fl? gn modes Bot h.FFF 20 and
oFE 30 are dgPrARSERESYS St Ar A seror T e PR R GBI | ng

functi ons. MEllﬁlGQﬁﬁﬁiggb]!@dhtBQabmetEwh dattﬁeé‘g&néntlcbﬂﬂpﬁséﬁ@fcgﬁ'&?gnbaheo -
aggregate equal i zer or. e in ecoder

20 equal i zeSeEPEAHBECh E’Eﬂ‘?% ‘E‘%e‘i Wﬂ?é@gﬁﬁlﬂ% éqga&r ﬁ%‘g SEERERghost
conponent s. cbfabpridés &l Fmb3Ds PR sFnd fhadacted folloWEdby @319 67946

20 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

(defining the VSB symbol constellation size follows the last 63 PN sequence,

which is in turn followed by 96 reserved symbols and 12 symbols copied from
256 the previous field.

The passband output signal from unit 14 is converted to a baseband
signal by VSB demodulator and carrier recovery network 18. In this example
network 18 contains circuits arranged as described in the Grand Alliance

30 HDTV System Specification, and in an article by W. Bretl et al., “VSB Modem
Subsystem Design for Grand Alliance Digital Television Receivers,” IEEE

Transactions on Consumer Electronics, August 1995. Briefly, carrier recovery



8 PCTIUS99112143.linear infinite inpulse response (11 R node fro"ﬂ?mizﬁﬁﬁ
., the input signal is initially received. Both FFF 20 and DFF 30 are

devi ces, but feedback operation causes DFF 30 to operate as an |IR device.
5 The output signal fromadder 24 is the output signal of equalizer 60. The
out put of adegyes@d#sés coupled to a network including nult PET/ESEAZI4PE and
28, a slicer 40, a subtractive conbiner 21 and a source 25 which provides a
CVA bl ind adaption algorithm io Mix 26 provi des either of two signals to
coefficient control inputs of FFF 20 and DFF 30 in response to a Control

si gnal pr odwegdelpprivimedpy edresmencyoend phasededked doappening thegsmalbipidotwhen fiel d

sync and se t 1 o expl aj ned. These
signal s f ro%%xcoa%ﬁﬁﬁtgﬁﬁg@a ? ﬁ?[ﬁ&ﬁgg‘?‘%ggm?%%Vg%a(%’??]ﬁ%ﬁ??%m unit 25
whi ch r espobaieband signahfromqeaworkel8 @utgpns oslygreedverahbcleemniet data si gnal from
t he out put of btyactive, camhi,ner 21. .The Errar. signal represents the

di f f erence waﬂ%ﬁf%‘ﬁeﬁ‘ lieﬁbﬁ’flgg}bencgﬁm%ﬁu%qeﬁéwgaldn%agwg fFATR BEYWSE a third
mul ti pl exer 12% cohherteditpa tligifal datsirean WBilan snslog bedigitabbdriertes 1®r signal or
a training Error signal) where 20 slice Error = output of slicer 40 -

equal i zer output training Error = PN reference signal - equalizer output

Wien generating e segient fhchfdn@iatfndeadvery B B8saltirkRly) PUbPsty drs the PN
conponent of the recerved datastream 26 Mix 28 provides either of three

i nput si gnaperferanes hsi wrihil5; whigh ety iprindgmetwiorks ap dasribed in tigoGramd  si gnal
frommcrop ' s ugl,k put
i gnal a5 aorag HDEP sydldfe Spkafion dnlih REBHIFe R B Phienlofl B g
t he out pot preyimislyf. AoBegnhént Synd Debderd Sigmrhl iopraviied svickni dapaisegrizgntof Mux 28,
and the stored PN.re%feren e signal fr mrrgrm% 70 and 30 unit 66 applied to
a third i nptcPasRizghiqh grddming'recoveny Raye Been gohisyedr 946 pCT/ USO9/ 12143 9
Mul tipl exer 29 responds to a switching Control signal from m croprocessor
66 and receives as inputs the reference PN training signal sequence during
field sync int erﬂéﬁ @%t_l’%?fac%i"%‘iﬂtdb@%a SPRHEreT ohakio xeg(go adak her tines.
The out put af1d\VEPAR% sinSe @RJonBAL ddtedtsP17. 04t Pk CRITRIME or dloviligEe it 1S
differenced with the output signal fromequalizer 50 to produce the Error
si gnal . Fhed&earfinld {rama) symesemperans dstackion alseargdiscussed de theGuwh t he
slicer 40 ane. el t,1.SH I . ' nce between
the refer en%gl%#lgm gnalsbéﬁgca?%g%r{g i%‘%? Q@S?rﬁlé%{étﬁ{lgg?&% {ﬁéle?gcei ved

dat ast r eam asovidesteaFiektiSynr Détectepiphii signal30 nuiotoprdcessog B8 wheinGhé datyper at i on,

equal i zer 5 hibits an initial ndi tifQn, ..a..bl ind erat.i node, a

dat a- di r ect g‘aﬁw ﬁ?‘ﬁg“&?&&@‘?s be%ﬁ%gg(gh'-@iwr %‘&tgga#ﬁdﬁd?m SRt ]%qgt eady-state
equal i EEd ngﬁfbideﬂfby abhelapkive dqualiier aebirirk Soharwilllte dibaissal. an stic ei ght
pat  er .20 r ARG BAEE RO P AL ST SGr R OD o R0 DRREEANES) whon
the "eye" eyhicRided B HuSPRheWEriO6d. T8ichder! 40 ineluded, g6k dxadiplé,itrdlfs NOT
necessary for the "eye" pattern to open if the received training signal
conmponent | deepding dath derintenleaver,Read-Salerepr exrer carnectionging; avgiclvigea|
conmponent i it Al f saye" pattern
20 opens. | ﬁe‘%ﬁ?gpf‘%ﬁ%ﬁ%g?g%gﬁ% F%% d g%%@%?’gﬂ{ F%%eﬁgc@%%r%%%aéynchr oni sm
i s achi evedmenftion2d abowk. DiafpiCprocHssorvdd ineludesaadib&rideo préceasdreapds to | ock
t he

25 audio/video reproduction devices.

The segment sync and field sync detection circuits in units 15 and 17
provide output Segment Sync Detect and Field Sync Detect input signals to
control signal generator 66 (eg., including a microprocessor) when these sync

30 components of the received signal are detected. Microprocessor 66 responds to
these signals for providing output Control signals and an output reference PN

(pseudorandom number sequence) signal to equalizer 50 as will be discussed.



received signal with -respect to automatic gain control (AGC), ti.,n?' @gcaﬂﬂz 25
carrier. At this time Control signals applied to Mux 26 and 28 cau t
coefficient values of all taps of FFF 20 and DFF 30 to be reset and held at
a zero val ue, except for one tap value which is reset to a predeterm ned
non- zer o i ni woab/swad ue. This action of the Control signal BCTP¥EIE43 t he
filter coefficient values to prevent uzwant ed random changes i n coefficient
val ues before the 30 actual useful equalization process begins.

Alternativ FE .20 and F 30 can he pre-loaded with the |ast-known
valid coef ﬂ"‘{‘?g (rYRREYEn] rfeﬂﬁ?%ceil?li‘%ixﬁ‘{l) Tepeil%‘?e BRESeDppibi Y6 7846 10
PCT/ US99/ 12pdified dyahb Grind/AXixfee DTV 8pevifidatioh, and B Ppreptdddhmmdae out put

of Mux 29 is _a "don't care" condition at _this tine. The process of blind
equal i zat i oifferenseFignal acamired by FontrohsiEngl Aenenater 66 fromemeseay J8. timing i s

achi eved. T3, BfLddta p4BEHn B?@lg%@%qﬁ%@&i QUBRIREM et Bp’ﬁ{ recei ved

signal is detected. Carrier are present. such tine the
Segnent Byrgenteated by obtaining the differeneecdbetweer Brespored eeforamce ®N sighalh in turn

t j .Cont k. ' | s, f. bli Lizati
vl ves. t R A PR Pyt i ShABGiche o HE - QEER adhopeur il B ot of
t he recei vefieldisgnaintérsyatl fleoC@drol Sighais conttol Yhe swiChing of Maitipleterappl i ed to
Mux 26 L t he CMA, al i t.hm f i i t (1) to th
oot 1 ci ont B 2R IR LUE EREiagHa de e g e P BRI s e ghal |

appl i ed to WMikbe8ise@se€s Mux 28 to convey the equalizer output signal from
its input (1) to the signal input of DFF 30. The output of Miux 29 is a i5
"don't &hre" condition during the blind equalizing interval. The processes

of ‘training and RGOt TS infiolohtahd BiALGMa MK a¥hiEL- L1 M NG | OCK
is achieved after the fielfd sync conponent 1s detected. The training node
occurs whensymhkol interfevante S cansed by trapsmagsion chanuel dishirbaes dodi ng t he
field sync ] .of . . Th | sion-di.r ed node occurs
at ot her tlérlr%isf%c%?#lﬁlg Sleggl%ﬁﬂaa}?g@? ?él%equal%egﬁglgagteﬁocée)g%r& IF ﬁ)gfte?(lﬂel d sync
conponent i fortvard et (RFE Laropenitirighs di\eqpativaneg, & spmbolngitemgieed At such

time the Figld S Det ect signal .is conveyed to m.cropy.o 66, which
in tur n%en@kﬁ?@é&%ﬁ??&f@?@ﬁﬁttﬁﬂ case Eﬁféﬁg?m _ Aag o 1@1%%15@%0 interval s
when the 2516 dhéedefiMeht dhles Gap WEHEHIEUf e%%al@dé@lﬁﬂ@b e apedddfievelef er ence
PN signal is acquired firgm nepor t he ntrol m%pal s..respectively

r y 70,
appl i ed to taptrodlssl by Gogfficient-Goptsolsignal fxomymuyitiplexsr Zhassvidlhe to be

coupl ed to ghe,fegfficient control inputs of FFF 20 and DFF 30 via Mix 26)
(b) the reference PN signal to be conveyed to the signal input of DFF 30
via Mux 28) and (c) the reference 30 PN signal to be coupled to conbiner 21

via Mix,29.  170EG 212 YR S A48 451G SN A2 45 ad hader 24 with an

equalized signal from a decision feedback filter 30 operating as an equalizer.
DFF 30 removes intersymbol interference not removed by FFF 20. The
coefficient values (tap weights) of equalizer filter 30 also are adaptively
controlled by the Coefficient Control signal (i.e., the switched Error signal)

25 from multiplexer 26. The input signal to be equalized by DFF 30 is provided
from multiplexer 28. Both FFF 20 and DFF 30 have coefficient values adapted
(updated) in response to the Coefficient Control signal during blind and
decision directed operation modes. Both FFF 20 and DFF 30 are digital FIR
filters which individually perform equalizing functions. When considered

30 together, these filters represent an aggregate equalizer 50 for equalizing the
input signal to decoder 60. FFF 20 equalizes pre-ghost components, while
DFF 30 equalizes post-ghost components. FFF 20 and DFF 30 operate in a



During non-field sync intervals of each data frame when sli cer-bqsp§ 2002
. decision-directed equalization is being perfornmed, the Control sign F‘g
respectively applied to Mux 26, 28 and 29 cause (a) a slice Error signal to
be coupled to the coefficient control inputs of FFF 20 and DFF 30 via Mix
26, (b) 5 thevoswgues of slicer 40 to be conveyed to the siR§AAISYHpEt of DFF
30 via Mux 28, and (c) the output of slé’)cer 40 to be coupled to conbiner 21
via Mux 29. During steady state operati‘on after equalization has been

achi eved, the signal conditions described above for decision-directed

oper ati on phidgar infinits mpalserespanse ALIBY mede frony the tpe Hessimpubsignabisve i s
summari zed Byt iy eAM l98). a PSR 3\ Wi A te Blind Eq.
20 Traini ngb%{ﬂag?ég?%éy?gfhe?ggl? al\/le 2%3'P O’!\%%‘%Q@ﬁés&g %e%‘%ec%t ContrQ _ O
CMA t r ai ni ngperation cRusesI3FY g0 brppeviake @DarsiRodavieeu, t~ Decision Dir. slice
Error 25 (non-field sync int.) . O . Equal. Qutput ref. PN signal ref.
PN slicer out. slicer out. The disclosed systemincludi ng adaptive

equal i zes 50 adv@h¢ egput signakbfrbintidder 24 duthecdutpst signed ohequblizecse.onpl exi ty.

Equal i zer 5Q,conprises .,real rather .than conplex filters, 20 and 30, and does
not requir eqh‘?é’r‘q?i%‘ét Pdpﬁrta‘%’f ﬁr“ggleérm Gé‘-e?‘ﬁé%lfiéue}nrgc‘ﬁ}‘ftg’%?’@ﬁs. 26 pRd ¢ he

equal i zer coBf & elicdrA0Ph subtradtivtt RIHIREI 14 a ksurb 35 GRldhYpravidies gUi t for
circularly translating a data ,s%/nbol constellation to conpensate for

unwant ed fr &delindadartipm aleosith@et s in a received signal. 1 7 DEC 2Q02
WO 991 67946 PCT/ US99/ 12143 12 Adaptive equalizer 50 operates as a linear
IR filter, thereby inproving the equalizer capabilities since DFF 30

provi deslosome eqMalxi 26priovitle either of tesidialnt aselficienh eontBHEnB@sofer at es as a

| i near feedli@rfk I 0 rati -I'p‘%ﬂ; filter in the
deci si on-di rect%%h%?g’ﬂgﬁno{/ﬁgﬁggglt?tﬁd eéﬁ%f’%ﬁf&gﬁ.{l d initial operation
of DFF 30 asmiardprereasorf6édobeaiosi dpeeating mddesesheofield gony snd)sspeeenthi ch

facilitates system equalization,,partjcularly i.n_the presepce gf

si gni fi cant ® @Wﬂp@‘%Bgi%ﬁea‘\teﬁe%"maﬁwhi’F)ex tetnit These AEmiERes Bk bi s the
ability of aefingdbacke CMA Blind adived]g6Hithind FomOids B5 GARRORASHSESs tho | n
addition, the disclosed systemexhibits a snoqther transition froma |inear

oper at i i mibe Eagakizerdintpinhgignabiapd endirren sigraldeprirthroupikel bl i nd

equal i zat | ORypCRBRAL Gyl L ANKANLLANEhaISLSIRRN She BifeRind Mnkbeh

equal i zation. This Is because DFF 30 begins operation in the non-linear
nmode after Hheinpptisignal pf dicepddiand thedutppt opethird multiplexén29. Thear node,
i.e., many it b Gl . i i on of
Fina val ve vl of bRy BRRE s Bh TN INERLBRARY B kil BBl LER 0D D
adaptive reocxhereve |linear filter that takes advantage of all avail abl e data
to achi eve equalizatign r a high definition VSB nodul ated signal as soon
as possifl e. 20 Both ﬁiﬂgﬁ%ra=nﬂu%ﬁf5°§ﬂm8’b%¢ aP T et AP nbol rate) and a PN
sequence i s used to fiainihg Bher =B refavéice Znabhequalizér @itgEESSI Ng occur s
continuously on line in real time nd advant agequsly uses a direct

. L and,
connecti on VbR gererating the BP‘@HE@’T%'@FE% the epplizep oytputigthediNt o al | ow
DFF 30 to fagiddohédiCortRaksivel WatdstAzai sition during the blind operating
node. Thus ?icgg{lﬂglhon ff(eiedgack 25 fisl ter 30 is advantageously used in a
l'inear node during blind equalization) then responds to a PN signal in the
;;aldplsggzsgsrg ge, a%ﬁu:%@Bi)po%i els'e?t%'ér ot in%'ﬁ'i: 'si%gafsqg a%?&a%'ir?ﬁit%lt"b%%t ed node,
30 in response to a Control signal from microprocessor 66. These signals

include the equalizer 50 output signal as applied via a direct connection to a

first input (1) of Mux 28, the output signal from slicer 40 applied to a second

input (2) of Mux 28, and the stored PN reference signal from memory 70 and
30 unit 66 applied to a third input (3) of Mux 28.



1 7 DEC 2U02 13 CLAIMS 1 . A systemfor processing a received VeTs}iDoL_i al
Si deband /VSB) nodul ated signal containing high definition video C 2002

i nformation represented by a 5 VSB constell ation of synmbols and subject to
exhi biti ng unwant ed perturbations, conprising; a denodul ator 18

responsi ve t wosmisthss ecei ved VSB nodul at ed signal for prod8ETN %4?¥iseband
denodul ated signal; and an adaptive equalizer (50) having an input for
recei ving said baseband 1 o denodul ated signal and an out put at which an
equal i zed signal_.is, produced, sajd adaptive equalizer including /a) an
adaptive feed fd¥ietiriexer|29eresponsispm) switghingGantrol signal dram denodul at ed
signal , sai ¢,;56ErfesdbPBE i = hSd b s l'i nd
operation i ﬂn?glﬁd&f i r_st6 6 ?ga(g%cg%vg% iaE%rﬁ)tag? @gnﬁ%}u % pgetg?%?ggﬁﬁg?érqect ed
operation i aecaxegeﬂ)@@qneﬁeldmgmeop&, andrbe owtput signdl froin dicerdlhpt | ve

deci sion fe [ I r | Z] i d denodulat ed si gnal ,
sai d DFF exﬁl ?'(tﬁlﬁlggs Ehgfué)%?ow:%‘aﬁ;ﬁsr? ﬁt{%leéﬂ sslfli"grr?%ﬁivgg% glgef){zfﬁ'g’eﬁepe?at i on
in a first tpediffarencedovieh tleenaitp) signal-from equalitee i59ito prafiuce ehieBroper at i on
in said second rating.node. 25 2. system.according to claim?il, wherein
a0 denoauPatal T EIoRPoA Sapiesetts eHBEY SiasiHeracr Revdan SR EE and sai d
DFF do not RpRA ke squbleaF 50 6hitpu0bighhRNoOthedRffefentd BetwepR tRd icPétendnd said

DFF is directly caonnected.to the equalizer output w thout an 30 intervening
carrier rot&)Y %En%lp?é\da‘&? H\} 81 ogppdof the recpived dadeshpeaimas

contained in the equalizer 50 output signal.

10
In operation, equalizer 50 exhibits an initial condition, a blind

operating mode, a data-directed training mode, a decision-directed mode, and
a steady-state equalized condition. The blind mode occurs when the
characteristic eight level “eye” pattern of the received 8-VSB signal exhibits a

15 closed eye pattern. Training and decision-directed operation occur afterwards,
when the “eye” exhibits an open eye pattern. It is noted that it is not
necessary for the “eye” pattern to open if the received training signal
¢omponent is detected immediately. In such case the training signal
component is used as soon as it is detected, even before the “eye” pattern

20 opens.

In the initial condition, before timing lock (timing synchronism) is
achieved, FFF 20 and DFF 30 idle while demodulator 18 attempts to lock the
received signal with respect to automatic gain control (AGC), timing and

95  carrier. At this time Control signals applied to Mux 26 and 28 cause the
coefficient values of all taps of FFF 20 and DFF 30 to be reset and held at a
zero value, except for one tap value which is reset to a predetermined non-zero
initial value. This action of the Control signals freezes the filter coefficient
values to prevent unwanted random changes in coefficient values before the

30 actual useful equalization process begins. Alternatively, FFF 20 and DFF 30

can be pre-loaded with the last-known valid coefficient values. In this initial



3.. A systemaccording to claim1l, wherein said signal input of sg? gepFBigp S
directly connected (D RECT CONNECTION)to said equalized signal at said
equal i zer output during said blind 5 operation in said first node. 4. A
system according to claim 3, wherein said signal input of said DFF receives
a slicer (40womekpwd signal during said decision-directedPeBESEM8H in said
second node. 5. A systemaccording to claiml, wherein said feed forward
filter and said decision feedback filtk} operate at a synbol rate, on-line
inreal time. ~ 5 6. A systemaccording to claim1, wherein said signal

havi ng a dattate bathdlun26and 28eghibita geraoninuit The tytpat o{Muadiien of data

frames conprdioﬁit@greacgﬂ(ﬁ{ignﬁyg}ﬁsQl%g:.)onent prefacing a plurality of data

segnents having an assocl ated segment sync conponent. 20 7. A system
according to claim®6, wherein in said blind node said signal input of said

ot put, and cosf R arEs CopERERaiaRE® bFng SRR ng ThpbeE ety 1 o

bl i nd admpt afeér cbertiniig it GhKdod. Thiglodearss@héh HRGegineht SR oERoHed F Si gnal
I nput respan}_:itzl to a slicer ,(g%)té;(?utpui ii gnal éERRO?), and coefficient
control i npRi'Seeces ‘@Hh%\ ¢ HII5E _t”é‘da"rp rl?f&arSiPQ?P&Pt-rPépresenti ng
the differeqqs tigk tESSesbt c(}ferte&‘ég%ﬁl is3oA0&Yed @D thisRptoctidRlgbZEer Out put
signal. AMENDED SHEET 1 7 C 2002 8. A systemaccording to claim?7,

wher ei n sai WhivhAntugpeenssates appropaiate fenteplienaly. ilpe nraedsagf blird d sync
interval s a | L.eer R ' -field sync
I nterval s; %ﬂlﬂgﬁﬁgﬂﬁgwg‘%ﬁﬁ%qg@#&&gr%hg#%g#?tg#g%%cfgsgé Frgglr%?‘@coef ficient
cont r ol 19 npeangpamient aff ttheFbéei vatdsi DI is defjeched. $pecHicslly,ceCemtiralrsignajnal

representing the dikfepence befween a slicgr t,pyt sihagnal and. sai d
equal i zer o%?p&het% te i%%?fecao\‘hsgs%‘l”’? ‘ﬁég]t(’f‘fogl"%ly @V’n #E?%tﬁﬁ%ég(?f“ US PR frane,
coef f : Ci ent(1owthd)doeﬁiﬁﬁkﬂt$:?mﬁrolsi&bdts|:dfﬁ‘m LdDFP30 add aCatidlai ni ng error
signal representing the difference 10 hetween a training signal conmponent
of said equ%‘EP;eﬁ‘Ppg‘ﬁhﬁﬁPﬂEﬁ %éh%usa%dl% EPRYRYShe egnalizey oufRit signal

from its input (1) to the signal input of DFF 30. The output of Mux 29is a

15 “don’t care” condition during the blind equalizing interval.

The processes of training and decision-directed equalization occur next,
when timing lock is achieved after the field sync component is detected. The
training mode occurs when the received PN signal component is available

20 during the field sync interval of each data frame. The decision-directed mode
occurs at other times during each data frame. The presence of the field sync
component initiates the start of the PN sequence training mode. At such time
the Field Sync Detect signal is conveyed to microprocessor 66, which in turn
generates appropriate Control signals. During field sync intervals when the

25 received PN training component is available and the reference PN signal is
acquired from memory 70, the Control signals respectively applied to Mux 26,
28 and 29 cause (a) a training Error signal to be coupled to the coefficient
control inputs of FFF 20 and DFF 30 via Mux 26, (b) the reference PN signal
to be conveyed to the signal input of DFF 30 via Mux 28, and (c) the reference

30 PN signal to be coupled to combiner 21 via Mux 29.



9. . A system according to claim8, wherein said training signal is_a PN

. sequence. 15 10. A systemaccording to claim6, wherein said feed T BE G082
filter and said decision feedback filter operate at a synbol rate, on-line
inreal time. AMENDED SHEET 1 7 DEC 2002 16 1 1. In a systemfor
processi ng awepsrsed Vestigi al Sideband (VSB) nodul at ed FIFHEPY YRt ai ni ng
hi gh definition video information reprﬁfent ed by a VSB constell ation of
synbol s and subject to exhibiting unwafited perturbations, 5 said system

i ncludi ng a chanunel. equal.izer conprisin feedforward filter (FFF) and a
deci si on-f eedb_a%’?g g%?'ﬁf’éﬁf}‘_c f‘&P“ﬁi%%‘?P@Fa}h&aE?ngéﬁﬁa‘YheZ’eﬂmwbwﬂ signal, a
si gnal IOF0C@é&éi&ﬂdff@ét@@@qﬁ&lfﬂ&"ti'oﬁ'ié‘geihg%e%ﬁﬁéd,%é CGﬁfoﬂéiF—ﬂ&l'sng sai d VSB

nmodul ated signal to produce a baseband denodul ated signal’; o conveying said
baseband defasaestiveliarnlisddr Mux 26:i28 ang Rf qanse (2)|5 shisa Hryoraignad tmbe sai d FFF
during a bl | fothe @ j — ' | ring said
blind opera%({a%éédn%dg? ﬁﬁ%#ﬂ%&ﬁ%ﬁ%‘{%? fﬁf‘g#?g?dgamﬁ??ﬁgd g[l‘f'ggzgsqgkgnt

deci si ons di thecqusputogfestiaen 4htoredenveyed te the signal inpetiof PFE@apta Myxsai d DFF in

sai d subseqygnt. dechsion-di recte rati node., .12. hod _according to
claim1 1, gﬁe%glc{ﬁ) t!shgi%@%lﬂe‘g sgéerﬁﬁoﬁgiﬁcgu@ggﬁ? Fomybingt %f\ﬂgﬁ{}iﬁ%ng said
blind operating node includes the step of 20 directly connecting said
equal i zed out put.si.gnal to a, signal, i ngut of  saj.d F. wi thout intervening
CarTier rotat | orP e Aigats st peitationanat pRGIFBHEn Pos petAhiesd Yo

equal i zat i ogigh¥1 galHidasfesiHicdhbovd for AetibdnRERtedlbperddidiBlapsilaccording to
claim1 1, erein said signal having a data 25 frane format constituted by
a succed8ion of data frames conprising a field sync conponent prefacing a

lurality of dat : ' ' - t)
KNEVN?)E 'D éHEET AP SERATRN Do Wb L HD ARG PLRTe FEAIRRrZYI by BiTPONEN

following table.
Operating Mux 26 to FFF, DFF Mux 28 to DFF Mux 29
15 Mode Coefficient C 1 Signal input output
Initial state 0 0 e
Blind Eq. CMA Equal. Output e
20
Training training Error ref. PN signal ref. PN
(field sync interval)
Decision Dir. glice Error slicer out. slicer out.

25  (non-field sync int.)

The disclosed system including adaptive equalizer 50 advantageously
exhibits reduced cost and hardware complexity. Equalizer 50 comprises real
rather than complex filters 20 and 30, and does not require the use of rotator

30 or de-rotator circuits (eg., in the equalizer control loop). A rotator/derotator is
basically a circuit for circularly translating a data symbol constellation to

compensate for unwanted frequency and phase offsets in a received signal.



1 7 DEC 200Z 14. .A method according to claim 13, conprising the L rther
. Steps of: generating a slicer output signal in response to said z G
output signal; 5 coupling said slicer output signal to a signal input of
said DFF in said decision-directed node; and coupling an error S|]gnal
representi ngwdwetiss f er ence between said slicer output si g’ﬁ%ﬂ“s%ﬂa Baid
equal i zer output signal to coefficient_control inputs of said FFF and DFF
during said decision-directed node. 10145, In a system for processing a

recei ved Vesti gi é%&% debang (\@B) nodul at ed si g%?’ cont ai ni ng hi gh
definition vi de ereaypiz OdperatenasaingahUidiiter: thaxehy ingrewmes and
subject to ﬁ%@é@a‘lﬂz@ﬂcdﬁ&%ﬁkﬁ%rﬁ@'ﬂw 9@&)}&%5 séﬁieCLqﬁahé’athédaﬁ iAthata frame
format (FI G 2) constituted a successi on of frames conprising a

field sync bbﬁé@ﬁ@ﬁtwwggﬁégpafaﬁﬁm¢%$ ilnyar(fﬁemb ﬁé@gxhﬂf@@ opexdting an

associ at ed t f eedf orward

filter (20) aggﬁg hr&ép‘m%gg?gl{%ﬁ% eed ﬁ?&?}nl% i‘df%%%w constituting a

channel éqanilalmatlpﬁUI‘hé nntlp]rapdmmgofdﬁﬁ‘léﬂﬂab lazlardeaoﬁteﬂhaclsﬁlgml a si gnal

processi ng net rlsin t he, s S,.pf: 20, denod ing s

odul at e s PERER ST Sinvelente T EhaRt e At ERUSihian PERSRIATRG sai d

llgg's:ebagd degmdw ﬁbed;cﬁlogﬁighiﬁcanSfi:gﬂaICd‘lﬁmegn parsRulareat ﬁ@@ﬁ&netmmlaoby sai d
and sai a), duri a n non i,sion directed equalizin

i nterval , 1")‘-‘ té?)BPlgﬁ%hgpggﬁ%E@&jghrfgpal&qﬁ pistany; 53\’?5‘? CW%egfsgnal i %put

of said DFF (2) adapti ng sai d FFF in a linear manner; (3) adapting said

DFF in a |inear manner: uring a subsequent traijning equalizing
i nt ervalloduri ng %ddatlgy,rtbedmkpé expterR ehibifs \amaoothertrynsispn fomya a

training si a%gt said FFF and
sai d DFF i ngl?lgélb%&rﬁéi %ﬁdﬂ@hﬁg%ﬁﬁng eﬁﬁéﬁ?gzﬁgt&d%%df tblr1 arning error
si gnal repr egesltizatipn: tvenplirkd b0 @ noevehtipnglaystem using FFF and DFF

equalization. This is because DFF 30 begins operation in the non-linear mode

after having been pre-conditioned by operating in the linear mode, i.e., many

15  of its coefficients have been adapted in the direction of final values.

Equalizer 50 is essentially a hardware and data efficient adaptive
recursive linear filter that takes advantage of all available data to achieve
equalization for a high definition VSB modulated signal as soon as possible.

20 Both FFF 20 and DFF 30 operate at the symbol rate, and a PN sequence is
used to facilitate fast equalization. Data processing occurs continuously on-
line in real time, and advantageously uses a direct connection from the output
of equalizer 50 to DFF 30 via Mux 28 to allow DFF 30 to facilitate coarse
signal acquisition during the blind operating mode. Thus decision feedback

26 filter 30 is advantageously used in a linear mode during blind equalization,
then responds to a PN signal in the training mode, and to the slicer output

during the decision-directed mode, as discussed.



ref-erence training signal and a training signal conponent of said equalizer
out put signal; (c) during a decision-directed equalizing interval1fobg®m20029
said training 5 interval and conprising non-field sync conponent intervals,
(1) applying a synbol slicer output signal to said signal input of said
DFF, and (2) adapting said FFF and said {8FF in response to a slice error
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25 2. A system according to claim 1, wherein
said demodulator includes a carrier recovery network; and
said FFF and said DFF do not perform a carrier rotation or derotation
operation; and
said DFF is directly connected to the equalizer output without an

30 intervening carrier rotation operation.
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sa|d sngnal input of said DFF receives a slicer (40) output signal during said

decision-directed operation in said second mode.

10
5. A system according to claim 1, wherein
said feed forward filter and said decision feedback filter operate at a
symbol rate, on-line in real time,

15 6. A system according to claim 1, wherein said signal 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 having an associated
segment sync component.

20 7. A system according to claim 6, wherein

in said blind mode said signal input of said DFF is directly connected to
said equalized signal at said equalizer output, and coefficient control inputs of
said FFF and DFF respond to a blind adaption algorithm (CMA25); and
in said decision mode said DFF signal input responds to a slicer (40)
25 output signal (ERROR), and coefficient control inputs of said FFF and DFF
respond to an error signal representing the difference between said slicer output

signal and said equalizer output signal.
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10" 10° during field sync intervals of a data frame, coefficient control inputs of
said FFF and DFF respond to a training error signal representing the difference
10 between a training signal component of said equalizer output signal and a

reference training signal.,

9. A system according to claim 8, wherein
said training signal is a PN sequence.
15
10. A system according to claim 6, wherein
said feed forward filter and said decision feedback filter operate at a

symbol rate, on-line in real time.
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15 non-linearly adapting said DFF in said subsequent decision-directed

operating mode.

12. A method according to claim 11, wherein said step of linearly
adapting said DFF during said blind operating mode includes the step of
20 directly connecting said equalized output signal to a signal input of said
DFF without intervening carrier rotation during said blind operating mode to

permit coarse equalization by said DFF during said blind mode.

13. A method according to claim 11, wherein said signal having a data
25 frame format constituted by a succession of data frames comprising a field sync
component prefacing a plurality of data segments having an associated segment

sync component.
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10@F10%e&tpyt signgb@ed (Spid equalizer output signal to coetficient control inputs of said

FFF and DFF during said decision-directed mode.
10
15, In a system for processing a received Vestigial Sideband (VSB)
modulated signal containing high definition video data represented by a VSB
constellation of symbols and subject to exhibiting unwanted perturbations, said
data having a data frame format (FIG.2) constituted by a succession of data
15 frames comprising a field sync component prefacing a plurality of data segments
having an associated segment sync component, said system including a
feedforward filter (20} (FFF) and a decision-feedback filter (30}{DFF) constituting
a channel equalizer (50) for producing an equalized output signal, a signal
processing method comprising the steps of:
20 demodulating said VSB modulated signal to produce a baseband
demodulated signal;
applying said baseband demodulated signal to said channel equalizer
constituted by said FFF and said DFF;
(a) during a blind, non-decision directed equalizing interval,
25 (1) applying said equalizer output signal to a signal
input of said DFF;
(2) adapting said FFF in a linear manner;
(3) adapting said DFF in a linear manner;
(b) during a subsequent training equalizing interval during field sync
30 component intervals,
(1) applying a training signal to said signal input of said
DFF;
(2)  adapting said FFF and said DFF in response to a
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10 slicer output signal and said equalizer output signal.
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