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equal. zation of a signal s which may contain high definition tel evision

i nformati on. The recovery of data from nodul ated sign | digital
information in symbol formusually requires three funa Wwﬂmm mH‘mmeqel ver:
timng recovery for synbol synchronization, carrier recovery (rrequency 1o
dermodul ation to baseband), and channel equalization. Tinmn “¥¥covery is a

process by WhAPARTIVE EHANNEL EQUALIZEDRMAVING RITTRAININGIMODER

transmtter clock. This permits the received signal to be sanpled at the
optimum point in time to reduce the chance of a slicing error associated

i th deci si on-qj ; ' ' l..yal.ues.. Carrier 15
\rMecovery i s aqﬁlgggggﬁgsh i C rggrée)&c%ét\%egbﬁgggf% éggﬁahégwlﬂ Yt 5 equency
down 6onwehicBdmay con tmirrhight defimiicat tlevisinte straassband (eg. , near

baseband), is frequency shifted to baseband to permt recovery of the
nodul ati ng baseband i nformati on. '

The recovery of data from modulated signals conveying digital
information in symbol form usually requires three functions at a receiver:
timing recovery for symbol synchronization, carrier recovery (frequency

10 demodulation to baseband), and channel equalization. Timing recovery is
a process by which a receiver clock (timebase) is synchronized to a
transmitter clock. This permits the received signal to be sampled at the
optimum point in time to reduce the chance of a slicing error associated
with decision-directed processing of received symbol values. Carrier

15 recovery is a process by which a received RF signal, after being frequency
down converted to a lower intermediate frequency passband (eg., near
baseband), is frequency shifted to baseband to permit recovery of the

modulating baseband information.

20 Many digital data communications systems employ adaptive
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 function to the received signal so as to

25 reduce or 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

30 interference (ISI) caused by 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 represents symbol "ghosts" since ISI
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20 Many digital data comrunications systens enpl oy adaptive equalization to
"conpensate for the effects of changi ng channel conditions and di St MAR2ABes
on the signal transm ssion channel. The equalization process estinmates the
transfer function of the transm ssion channel and applies the inverse of
the transfer function to the received Q gnal so as to 25 reduce or
elimnate the distortion effects. Channel equalization typically enploys
filters imcludesrdraricarianadrdelayve dyshiooial wakphd @t@@reﬂ'@?&?cfi stortions
resultin froqrvpa fr,eguency,depend,er_lt time variant response of the

transm sngHD HQRAEPT InR giveThpERisien regiomeby provi de i nproved synbol

deci sion capability. Equalization renoves baseband intersynbol 30
interference (1SlI) caused by transm ssion channel disturbances including

the | ow pass fn aéaptigeea‘cﬁmiize@fisTehSehtiéIl?@rS&Hﬁ@tﬁr@adlgﬁlai filtar, gguUses the
val ue_of a given sgnbol to be distorted by the values 0Of preceding and
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S systens uisi ng an adagtCi ve equalizer, it is necessary to provide a nethod
of adapt FRgHckents and thesabyibe fHteraesponsde Qe wligelyongehsatthokor channel

distorti | ..al ' il apl e.for adapti the filter
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varying coefficient values as a function of a representative error signal,
t he equafie €AYUGLZET OWPYE signal isdoreed to approsithate a refereneecdata dat a

sequence | r | . 15 fO d sultracting,t he equalizer qutput
signal fr 8%?%%%??@?&%1#%2%&%{%%1 1ssef(r?g§}1eé£?6y,§é‘l tﬁ%CténgPesq 1283 E3khes .
zero, theigrpldromethapsfesede daeB¥gn8A06 CAVIBEEYY of Qﬁgrﬁﬂl%é&s{o%fch%gt put 15
signal and the reference data sequence are approxi mately edual.

zero, the equalizer approaches convergence whereby the equalizer output

15 signal and the reference data sequence are approximately equal.

When the equalizer operation is initiated, the coefficient values

(filter tap weights) are usually not set at values which produce adequate
compensation of channel distortions. In order to force initial convergence

20  of the equalizer coefficients, a known "training" signal may be used as the
reference signal. Training signals, eg., a pseudorandom number (PN)
sequence, have been used extensively in telecommunications devices
such as television receivers and telephone modems. A major benefit of
employing a known PN sequence training signal in the transmission is

25 that errors can be accurately obtained, and the equalizer can be trained |
to equalize the transmission channel before and during transmitting and

receiving data.

The training signal is programmed at both the transmitter and
30 receiver. The error signal is formed at the receiver by subtracting a locally .
generated receiver copy of the training signal from the output of the

adaptive equalizer. The training signal helps to open the initially occluded



When the equalizer operation is initiated, the coefficient val ues (filt&r
"tap weights) are usually not set at val ues which produce adequate 9 MAR 2005
conpensation of channel distortions. In order to force initial convergence
20 of the equalizer coefficients, a known "training" signal nay be used as
the reference signal. Training signals,;eg., a pseudorandom nunber (PN)
sequence, have been used extensively in tel econmunications devices such as

tel evi si ogyéegleh Ml teri . j or benefit, of.enpl.qying a
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actual 5 thahuesthbds ysing pricdicallp teuh aulittel t&ﬁ'&iﬁ%@%ﬁé&( Ihfbﬁigl%?qopf
egua node 1S

using the f{raining signal. The decision directed Izl ng

capabl e Gecisippdirectedreaealization g nrowmisle/ralishlg comvengénat ahdrstabhs nor e
rapi dhy : j i_odi d angmitted trainjng signals. In
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be correg%. The training signal helps the equalizer achieve thrs %

correct X&lsion level. In sone systens, "blind" equalization is used to

provide initial 15 convergence of the equalizer coefficient values and to
force the eye to open. In the blind node, filter coefficients are coarsely

adj usted in 1asxEENe&ykeeras, EhiAd" shUABLawBhGE st 5E+ﬁhgqn%afﬁp' oying a
known function, or algorithm Anong the nost popul ar nd equal i zation
al gort? t hFENXFEBANRE ehHie aavalisenroeflisienr vales(aaMito doxtet e Reelticed

open. In the blind mode, filter coefficients are coarsely adjusted in
response to an error signal which is calculated by employing a known
function, or algorithm. Among the most popular blind equalization
algorithms are the Constant Modulus Algorithm (CMA) and the Reduced
20  Constellation Algorithm (RCA). These algorithms are discussed, for
example, in Proakis, Digital Communications, McGraw-Hill: New York,
1989 and in Godard, Self-Recovering Equalization and Carrier Tracking in
Two Dimensional Data Communication Systems," IEEE Transactions on
Communications, Nov. 1980. Brieﬂy, the CMA relies on the fact that, at the
25  decision instants, the modulus of the detected data symbols should lie on
a locus of points defining one of several (constellation) circles of different
diameters. The RCA relies on forming "super constellations" within the
main transmitted constellation, The data sigﬁal is first forced to fit into a
super constellation, then the super constellation is subdivided to include

30 the entire constellation.



20 Constellation Algorithm (RCA). These algorithnms are di scussed, for

“exanple, in Proakis, Digital Comunications, McGawHill: New York3 MAR Q@5
and in Godard, Self-Recovering Equalization and Carrier Tracking in Two
D nensi onal Data Communi cation Systens,” | EEE Transacti ons on

Communi cations, Nov. 1980. Briefly, the# CMA relies on the fact that, at the
25 decisi.on instants, the nodulus of the detected data synmbols should lie
on a |locus oflnRegardanetiwithgthenpriokiples afahe(mesentlihoéntaon, tasteres of

di fferent i ters. The relies, on form "super. constel |l ati ons”

G thin e BRI & adREvET b RvETind restiverh aiaing dpgmihroughiamst forced
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subdi vided to include 3o the enti rglgﬁgégﬁ at'i gh.&%-%ﬁ&?l\f/{ﬁgﬂfgﬁgsﬁngn
accor dan@eVaR madidaged sigmpilesraining elapa ds estycledesuviepsl tifresd ®ithin a

equal i;.zatj qQn 4 5.,achi ev recyqgl,ing received training data through an
equal |5zerdaqﬁrﬁ?siﬂemé%rsv@?gﬁclgéeﬁpg(#‘lee?}&?ﬁ MERValst evi si on recei ver for
processing a VSB nodul ated signal, training data is recycled several tines
within a s data field interval between field sync intervals. Brief
Description of the Draw ngBrigfubesdriptioraoftiee Drdudggam of a portion of an
advanced tel evision 1o receiver, such as a high definition television
(HDTV) receiver, including an adaptive equalizer systemoperative in a _
training node @agaes di At Bodlp 8lidraRE i L500k ‘ Lon, Figure
2 depicts a dat ggf rarrle f or mat flo a \?ggeé?gé\%{l%g(%rggﬁ%c%@@% tH8" & and
Al i dice TREAVesysuemasra drigh defstitinn tehevisiomEIDAV) actéivkd, Sivtadigaanent

of a data field. Fiogure 4 shows .details of training signal recyclin
net wor k iaﬁlf Ve ‘a%lﬂ%fleqr sysstem operative 1n a tra?nmg modegacco%ding to t%e J

principles of the present invention.

Figure 2 depicts a data frame format for a VSB signal according to
15 the Grand Alliance HDTV system.

Figure 3 shows the format of a field sync component of a data field.

Figure 4 shows details of a training signal recycling network in

20 Figure 1.

Figure 5 depicts waveforms helpful in understanding the operation

of the network in Figure 4.
25 Figure 6 shows details of an adaptive channel equalizer in Figure 1.

In the television receiver of Figure 1, é modulated analog HDTV
Input signal is processed by an input network 14 including RF tuning
circuits, a double conversion tuner for producing an intermediate
30 frequency passband output signal, and appropriate gain control circuits,
for example. The received signal is an 8-VSB modulated signal as

proposed for use by the Grand Alliance HDTV system in the United



Figure 5 depicts waveforns hel pful in understanding the operation of the
"network in Figure 4. 25 Figure 6 shows details of an adaptive charn®IMAR 2005
equalizer in Figure 1. In the television receiver of Figure 1, a nodul ated
anal og HDTV I nput signal is processed by an input network 14 including RF
tuning circuits, a double conversion tuyner for producing an internmedi ate 30
frequency passband output signal, and appropriate gain control circuits,

for exanptgtesTBudieaev8BIsigh ' : Jodiy. |9 pr oposed
for use by the G and Alslgﬁjzgcg‘paéD'rI%ﬁg%ng%&@?the Uﬁ%@gagiﬁ{%% 2005 5
States. SHEA cosstellgtioh Wherapreslyniee altys eontaidisrpishased ddas aopabol
constell atiq}n V\Q%rp,ei;n onl‘%/. one_.axi s @ ntaing quantized data to be recovered
by the rScEWEFd Biothe Aeqiver -+ TR SEnglife the digdrevirobsowngars sigheds cl ocki ng

the 11 ussv atoedidgut ipatratbadhfotidndf MsggLi bed 0 the Grand Al ance

HDTV System Specification dated Apr 4, the VSB transm ssion system

transhits data with a prescribed data frane format as shown in Figure 2. A
smal | pilot si,gnal at, the ess arri frequency is added to the
transmitted sft\‘gn‘i‘?sqrbb? “ﬁZﬁE@@ﬁﬁéﬁ%wﬁ@TVo&st&m§n¢sg’1¢r§¢@m%r.

Ref erri ngatéd Ah#ir £4 21 c f%ﬂ?m' i fiel 1.t h ch field
I ncl udi nga313 gggment Sng@, g%gvrm ttlf evqué;{g%b I s?ﬁj\{\'ﬁrﬂsﬁ;g?‘ ng&n‘@ﬁﬁ df each
field i spresaibed data dsamef foehthtsegshotwn andfigive 2eApdmiaNopidLsigpaiapt s are

data segpents. The data segrfnsnts cont ai n MPEG conpati bl e data packets. Each
data is SRGSERPTESSS capdes irquengynisardded fe thedyansatittedcsignal &0 | owed by

828 t [ ' hpL.i ' f
oy ey A ok Bl A VB rce R R PR bR © O
pr edet er datefresne csynpdlsepimwdﬁc]aﬁsdwfthnmﬁieﬁe(&hﬁcl&ﬁﬁﬂ?% 8Bgmlehit§ f

r edet er gi,ped S ol PN s ences, the mddle one of which is 20
anertedg}?’ﬁ g‘ﬁﬁé@éﬁe‘f@?‘gﬁdi% NS egpenteeheaeh fisld jarefeseed v ag a he VSB
synmbol c MON LS HZ EfM?’ I PN. s ence. which is in
tﬁrn f ol Fgl\/‘\#egé 131%?1 g’sglr%\k/letg‘)esﬁ/%ao S %%f%f%gg%egoﬁ&eﬁgy% gg %lﬁpéﬁ“ ®m t he

pr evi ousdateisdgments contain MPEG compatible data packets. Each data

15 segment comprises a four symbol segment sync character followed by 828
data symbols. As shown in Figure 3, each field segment comprises a four
symbol segment sync 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

20 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 reserved symbols and 12 precode symbols copied from

the previous field.

25 The passband output signal from unit 14 in Figure 1 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 HDTV System Specification, and in an article by W. Bretl
et al., “VSB Modem Subsystem Design for Grand Alliance Digital

30 Television Receivers,” IEEE Transactions on Consumer Electronics,
August 1995. Briefly, carrier recovery may be performed by a freqﬁency

and phase locked loop using the small pilot signal component included in



2s The passband output signal fromunit 14 in Figure 1 is convertegl to a

' baseband signal by VSB denpdul ator and carrier recovery network 18: NAR 2065 s
exanpl e network 18 contains circuits arranged as described in the G and
Al'liance HDTV System Specification, and in an article by W Bretl et al.,
"VSB Modem Subsystem Design for Gand Ayliance Digital 3o Tel evision

Recei vers.," | EEE Transacti ons on Consuner El ectronics, August 1995.

Briefly, therbioad iRy, fdi Ll
riefly r b oid dast OVSB Ysighil %@@ﬁiﬁﬁﬂ%ﬁs@ﬁaﬁfl %gﬂﬁfﬁ%%ﬁ; ocke

| oop using the small pilot signal conponent inclu 6 the
br oadcastCopsBing gndy reqoreredtlpchannekdatal sginhuds dlongansdalosis 18heont ai ns

only recq - ne ata synbol s_along a real .axis. The denodul at ed
symbol i n#/eg‘glgngpill %nla?%]%%lbﬁgfﬂ&r E¥alt€§°ril 3" %&%&W% ?g 1§ cgnyertad thaadigitehm by
an anal ogldtastiegirh dy aAnMedlogrtoldigital BBhIeSRIMENL Sync recovery and synbol
clock (timng) recovery are perforned by unit 15, which may include

net wPks as described in the Grand Al liance HDTV System Specification and
in the Bretl ticle nmentioned previously, A Segnent Sync Det ect
out put si gnal e]%)%aprs(e) u&g’g ﬁy(p%eé:r?vggéﬁ&fs 95 slerk th#@g)r@%\%ﬂy agave
been achimssteckmBaasy anet 15 WHBh H¥HGacRide Hetd Qe perly
phased synbol cl Q?‘/V\hi ch is used tg cgnt r ol %t hghg%tagst reggéeg/%g{lgsanpl i ng
by anal of3tandiAdlianrce dbRTdr Spstens Spesifitationtand irtheBretpet al. dimgidlel
converter 1S appliedt ield sync detector 17. Networks suitable for
provi di ngm% ?1‘51|oalea,§{:evd%1t1§ t?b%egV?§%a§@%' gekeutpyt signadisproducednce
HDTV @pecihifaldgdiedSyhe abltetiBiis et o DELSEHO vides a
Field Sync Detect out [g))lljt Si gnall 1t rr{c]%??rg rg%(elgggre%%éﬁmﬁt?gﬁat ﬁgl]:gye{egi sync
conponentsegmenkesyncease tsed Theegtedaty aghropetrly phased siyimbsl ¢18ckr ocessed

ot i 11 oehR 8 BRI BRtaaFraR Snbel Samnping bAERR S gnal
f rom net viigitaBeohseseplied to adaptive equalizer network 50 as will be
di scussed I'n detail in connection with Figure 6. An equalized baseband
out put signal fromnetwork 50 is 2s decoded by unit 60 and processed by
out pyfs networ kr‘l?él ou pﬁ?%?%n%?og to digital converter 19 is applied to a field syné
detector 17. Networks suitable for providing field sync detection also are
discussed in the Grand Alliance HDTV specification and in the Bretl et al.
article. Detector 17 provides a Field Sync Detect output signal to
microprocessor 66 when the field sync component has been detected. The
20 digital data from unit 19 is processed by a training data recycling network
35 acc'ording to the present invention, as will be discussed in connection
with Figures 4 and 5. An output signal from network 35 is applied to
adaptive equalizer network 50 as will be discussed in detail in connection
with Figure 6. An equalized baseband output signal from network 50 is
25 decoded by unit 60 and processed by output network 64, Decoder 60
includes, for example, trellis decoding, data de-interleaver, Reed-Solomon
error correction and audio/video decoder networks as known and
described, for example, in the Bretl article mentioned above. Output

processor 64 includes audio/video processors and audio/video

30 reproduction devices.



includes, for exanple, trellis decoding, data de-interleaves, Reed-Sol onon
“error correction and audi o/ vi deo decoder networks as known and déé%ﬂMBeHWS
for exanple, in the Bretl article nentioned above. Qutput processor 64

i ncl udes audi o/ vi deo processors and audi o/ video 30 reproduction devices. -
9 MAR 2005 7 The segnent sync and field sync detection circuits in units 15
and 17 pr.ovi de output Segnent Sync Detect and Field Sync Detect signhals to

control signalTigesegraeat s§oc(@ed field &hndi dbtedtiBhCEiPPRRS 8RS ks AL Hhese
sync compg@nents§ of the received signal are detected. M croprocessor 66 5
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decision-directed operating modes as will be discussed.

Training signal recycling block 35 facilitates faster equalization by
recycling the training signal data through equalizer 50. In this regard it
20 has been determined that transmission channel conditions typically
exhibit little or no change between two consecutive fields of a VSB data
frame. Thus, in accordance with the principles of the present invention,
once the ﬁeld sync is detected and the transmitted PN training signal is
available from the received datastream, the received tra.in.ing data is saved
25 and is reused several times to update the equalizer coefficients. In many
cases this reuse allows the training signal to open the “eye” characteristic
of the symbol datastream during the first field following the first detected
field sync. Complete equalization is achieved during the subsequent
decision-directed mode.
30
Details of training signal recycling network 35 are shown in Figure

4. The “I” symbol datastream from unit 17 is applied to respective inputs



30 Details of training signal recycling network 35 are shown in Fi U{@?%
"The "1" synbol datastreamfromunit 17 is applied to respective i ngu Q059
MAR 2005 8 of multiplexers 410 and 420. Qutput data to be equalized is
conveyed fromthe output of nmux 410 to equalizer 50. Qutput data fr.om nmux
420, the training data extracted fromt8e i nput datastream is stored by a
buffer nmenory 430.. Buffer 430 may be a RAMor a FIFOQ, and in this 5 exanple

has a 57®fsyntitiplaxers s 1Y aral 4261 OnapetcBracid Ve cglialiorgnsidagvalagage
capamtyd,ma%_Jf ti_ﬁ%t ailored to suit the requirenments of a particular system
The out pdfOR¥ R RBLPUL 9h mMyx i) te garelizes S€orAutpiumdata fprh mixma0 410,
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ith Fi ' : VA . i .1 d titi
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sync is detstetre@hegutpaf bemembep a3 Eppiion té%ge@&l@fsigﬂaﬂﬁawttcﬁsa -

re-applied, control signal generator 66 generat'es a Save signal "W
synbol dUPR¥ B0, aRAdsslgadediback tqygaesandysighal Eapuit oSymax BX®ct si gnal

b . . PG saneysignal Enplll obymux EaECt
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field sync conponent of the datastreamapplied to t nal i nput Of nux
420. Thedé pregidsrhbyla Seyastignat alse paducad by domdralrsignahgenyrdtol Gkt a

\Ahichis,ﬁqlﬂi_c:) Ly JFL Q. 5..3.  Thus the four.s ol segnment sync, a |long
511 symbo ggglﬁe‘%ﬁlgg,seaa‘%dm NERBHATE é]éuﬁﬁag%ﬁ%l 188Htience are captured and
saved in nmenory 430. The nmiddle 63 synbol PN sequence is inverted in every
other data field sync, conponent. To reduce hardware conplexity, only the

first of the theRaidesing Figirestdogeidesr withuBigurerd,tFiekd Syapdetectdrt hpugh
O 3 S e R RS R SRS SRR A O T M
field sync. When the first field sync is detected, eg., after a reset condition
such as after power is re-applied, control signal generator 66 generates a
Save signal with a 578 symbol duration. This signal is triggered by the
Field Sync Detect signal and is essentially an instruction to write the
20 training signal data which then appears in the input datastream, to
memory 430. Specifically, in this example mux 420 passes the first 578
symbol samples that appear in the field sync compoﬁent of the
datastream applied to the signal input of mux 420. These 578 symbols
constitute a portion of the training symbol data which is shown in Figure
25 3. Thus the four symbol segment sync, a long 511 symbol PN sequence,
and a short 63 PN symbol sequence are captured and saved in memory
430. The middle 63 symbol PN sequence is inverted in every other data
field sync component. To reduce hardware cofnplexity, only the first of the
three 63 symbol sequences is used in this example, although all three 63
30 symbol segments could be used with the long 511 symbol portion in other

systems.



- 9°MAR 2005 9 While the training data is being witten to nenory 430, the
‘training data in the input datastream passes through nux 410 to equaiaR 2005
50. At the end of the Save signal, control signal generator 66 generates
the Recycle signal, which preferably has a duration of an integer nmultiple
of 5 578 synbols. The integer nultiple {N) is programmed in advance in
accordance with the requirenents of a particular systemso that the 578
training symboVbilgrthe wgininedataisebeing wiritteh namhemay 430pthealtrining he

i . field . At _th ti ,
he Rocydtadf et Bt o S R0 Gt Tt MG e lise s BAE 10
| ocal refthearaof €hs iS%ﬁreO:fhighB.P, ddrtirBl §%n%1il%'&?1|era{cﬁ é?:gr%&?i‘%{ﬁg fie MEMOIrY 70

stores a _local version of the signal conprising the symbol s. This
| ocal refRacysle signalnwhjchipneftrably has pdurhtion ofanrintdgeranhicipiepas ed with

' i gnal h i ved training data. Wil
the Rbcyc SyEtdY: ThsnEert Pllible Boliiray cesammer ontavancamor y 15 430
are cont izd¢orghiice oAy tRe &hﬁﬁ@érﬂ@n%*&?&tp%{tiﬁgpggﬁééﬁistr?gﬂi)#g{r}x% 528' oner

I nput of mux 420 in free-running fashion.
dur at i on teRining sxaebelscars praated repreds termyndd traumiterrafptimiesdyringnveyed

L\Lg;ﬂe nggﬁéﬁé%g @%&’ i’%z%ﬁlegw/nl‘égﬁﬁtﬁ}cggygﬁ%%egﬁéﬂgégaggﬁigkglé%égé@?ﬁof rom
. . D . 2 co
T A i ng mch e areedcldslentey 16 Wpplieeth idttony TOMT gl 1), Hhfin SfHEs S

equallPzedoealt raferanne versicn ofidhe dcardngmignaliinnghis aikansglgrenémory oval s i f

ffici ization. h b hi eved, as indicated b ,
or cdet or MG AdoGa UTMIY B FBe SHERAl GRmAH 18 Hbr 4158 Sy mals oRhis  or

(conver gepER) refetiifde tr@rﬁ'ﬁfg"éigﬁal Eé‘?}]{tggg @fécg'g rﬁg%r&gg(é iﬁ'ﬂéﬁé?%eirgay the

training data recycling process des Ve 1S T . ora
subsequenvithjtbleceqalized ontpet signal @ometningkthshmyeived Hiaghires Gatd.he
ut _signal contains digital data as wel| as

?ﬁtm;?u L;hﬁgﬂg: Ieteﬁ%glfcggéég??lslls)p’ﬁeéﬁ%dt%tﬁqi & ata sangemimel memenr bances
and akti 1489 &re EBhEinURMly recfclMiRréPPhe output of memory 430 through
the lower input of mux 420 in free-running fashion. At the same time, for
the duration of the Recycle signal, the training data are repeatedly
conveyed from memory 430 and the lower input of output mux 410 to
equalizer 50, where equalizer 50 repeatedly compares the training data
20 received from mux 410 as contained in the equalized output signal with

local reference training data from memory 70.

At the end of the Recycle signal, the equalizer enters the decision-
directed mode during data segment intervals if sufficient equalization has
25 been achieved, as indicated by a predetermined acceptable value of a
locally generated equalization error (convergence) signal. Otherwise, the
training mode continues whereby the training data recycling process

described above is repeated for a subsequent field.

30 In the equalizer network shown in Figure 6, the demodulated digital
input signal contains digital data as well as inter-symbol interference (ISI)

caused by transmission channel disturbances and artifacts. This input



10 signal is applied to a real (in contrast to a conplex) feed-for

"filter (FFF) 20 operating as an equalizer, eg., a synbol rate spa HAR 2005
("T-spaced”) equalizer, which in this case is i npl enented as a digital FIR
filter. The coefficient values (tap weights) of equalizer filter 20 are
adaptively 5 controlled by a CoefficientOControl signal fromnultiplexer 26
as wll be discussed. The equalized signal fromfilter 20 is conbi ned by
an adder Qlfgr\ﬂltlﬁ appliestita ki nead (isi gomtrast eoneacoemilex)ofectieforhacl filtét er 30

t | DFEF 30 t nmbol terf t
emoved b ER20 5o HiBe £Shn chinkih fock SYEIPAGAAPRCOR (hmacedr)

fil ter 30eghalizér,8vh si gnal
(i.e., theqsvm t ched &%f?’(i)'rtbig% %erllgé){g gl&ﬁeﬁ%’ﬁ) gxaecg?éié‘é‘loﬁjﬁpgh tﬁﬁu{rflgl ghal to
be equal |Q@©fﬁl§\y€ru=valm (|tappveaghd@obﬂ‘eqnmlmdrtﬁlpéﬁzerar%SadﬁpﬁhelErFF 20 and
DFF 30 have . ff| é_valu S ad t.ed pdated?l In response to the

Coef f i ti e E(S’rklte 1CIeRyt H&tﬁP $i8Nah & ode dnyy pleder && ad voipdbait i on
nmodes. Bofiscfedfsedl and DFF 30 are digital FIRfilters which individually
perform equalizing functions. Wen considered together, these filters
represent an aggregate equalizer 50 for equalizing the input signal to

decoder 60. FF 20 20 e lze pre host conmponents, while DFF 30
equal i zes post ll%ﬁgﬂ@?ig t?’O Qrig QQIFbB'E}?d)b’Eraan adider 24 widuar

infinite I h ut  si naI S
initiall yhrecé'?%azc‘lsrde§1 ?F(%I}:1 %g H&ﬁ&w&@%&é}?@ﬁ{% g@e gngb‘rﬁt Peedback
oper atd onegaalesr. DFF Iﬂb)remwpenatersymlaml int&rfdesnee no 2eddtredUbp Wrrsi gnal

from addef, 24,1 S out pu naI of equalizer _ 50. The output of adder 24
| Coup! a0t he ot TRIngR: Wé’mﬂglﬂ‘iﬁ)@f@ﬂym@sriﬂtﬁrm aSapreer 40, a

subtracti é(&agrl t H&@(S%%%ll@adom%é’gfd gﬁt%%nw&tﬂtroi) t%NAs 1tehdy

adaption alg
Error signal) from multiplexer 26. The input signal to be equalized by DFF

30 is provided from multiplexer 28. Both FFF 20 and DFF 30 have

15 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 together, these filters represent an aggregate
equalizer 50 for equalizing the input signal to decoder 60. FFF 20

20 equalizes pre-ghost components, while DIFF 30 equalizes post-ghost
components. FFF 20 and DFF 30 operate in a linear infinite impulse
response (IIR) mode from the time the input signal is initially received.
Both FFF 20 and DFF 30 are FIR devices, but feedback operation causes
DFF 30 to operate as an IIR device.

25 |

The output signal from adder 24 is the output signal of equalizer
50. The output of adder 24 is coupled to a network including multiplexers
26 and 28, a slicer 40, a subtractive combiner 21 and a source 25 which
provides a CMA blind adaption algorithm.

30



In the follow ng description of the operation of equalizer 50, the process
“of initially recycling the training signal data is tenporarily negl mﬁ%bsto
sinplify the description. 5 Mux 26 provides either of two signals to
coefficient control inputs of FFF 20 and DFF 30 in response to a Control
signal produced by microprocessor 66 fdl various operating nodes when field
sync and segnent sync conponents are detected, as will be explained. These
si gnal s from Nixthesfallsyingedesesimiion wfithd ceaptioanofqualizdmSo; e unit t 0

25 whi ch 10. the EqQualizer Qutput signal, and an Error signal from
the out pLE{I%%?Q%ggfélg%atlgvﬁecg@%gn&e gf?g*ﬂgesﬂgﬁagﬁ%?dﬁ%m%ﬁég}énts t he

di ffer engregedtetetd sinepliRPtHe gggé}qbtig'ﬁ.sl icer 40 and the output of a third
mul ti pl exer 29. The output of conmbiner 21 is either a slice Error signal or

a training Error signal, where 15 slice Error =output of slicer 40
-equaki zer outypu aining Error = PN reference signal -equalizer output
When éenerati A\gu%‘hﬁé Plrg?”r‘fﬂ'ﬁgel TPt Ef’ﬁﬁégnallsh@ ‘éQﬁng1eZ’érCQ§1IF‘9hthL§St e PN
trai ni ng FRYRA afQMVPREY iRked [RY) 28 provides

; 10 ilre ;%@(;néé‘?@a@ nf1 334 aﬁ_.oégcoé&’éy

either of three input si ?nal S a signal 1 nput~o response to an
equal i zemmGFAPFotessiog i g vamioils rperetiogsmodes. wHen fldisyma sndncl ude the

equal i zer__ 50 output signal as applied via a direct connection to a first

i nput (1)Se§fn€i\9§><£3§§f c?ﬁ?%mrﬁﬁta?rgi %thcﬁ&ﬁ ﬂlflgﬁre’ﬁ@a&b‘?ﬂl-i Bac$® a second

i nput (2)si NMprod8M I . af : j r y 70
and unit 615 %ppl?ed t%agqfﬁﬁl%aierfggt&(% ﬁgpﬁﬁé&@@&nﬁg@%{ﬁ W%E

nul t ilpl exér widchrespehdsitodhienEqualioes Outpuarsignaklarrk an®@iorddigaagnal from

m cr opr ogesson 66. . M 9 receives as. 30 ipputs the reference PN training
Si gnaIO s SERIEThE %PW@O?FBF’E‘%&W@ Gommbine 2? 2R8 Errer signak renrgaents r om

slicer 4QnatdiffeRdicd bEBSeed RRe SHPOY s ' | ractive
conbi ner 21 Wnere.(i:t IS %?ffe?en%gg Slgé%l%ﬂ?%djoﬁo vx}l?%og‘]%%aggﬁfut si gnal
f r om equahizdemwtiplexqr 28uthetchetpatrafrcasnbiredr. 2 This eithieral sHe@Brof epr esent s
either the difference.betyween the slicer 40 and the equalizer 50 output

si-gnal s, SHEYF & FEHBE 05 M (ST er ence PN signal and the PN

sign conponent of el : as i n in the equalizer
509031$.put ng ity sHCBEARF ¥RlpHabRSHEERATDASe QuUARHAL IS

training Error = PN reference signal - equalizer output
When generating the training Error signal, the equalizer output is the PN

training signal component of the received datastream.

20 Mux 28 provides either of three input signals to a signal input of
DFF 30 in response to an equalizer 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

25 reference signal from memory 70 and unit 66 applied to a third input (3)
of Mux 28.

The inputs of multiplexer 29 are selected in response to an
equalizer Control signal from microprocessor 66. Mux 29 receives as
30 inputs the reference PN training signal sequence during field sync
intervals, and the output signal from slicer 40 at other times. The output

of Mux 29 is applied to subtractive combiner 21 where it is differenced



In operation, equalizer 50 exhibits an initial condition, a bli

" operating rode, a data-directed training node, a decision- dlrectedgﬂMN§2m5
and a steady-state equalized condition. The blind node occurs when the 10
characteristic eight |level "eye" pattern of the received 8-VSB signal

exhi bits anon-converged cl osed eye patﬂ@rn. Training and decisiondirected
operation occur afterwards, when an open "eye" pattern appears. is

not ed t hatith tthesnumpiutrmgﬁals from fegiualizer 'Sty €0 ppadiee fthE(Eﬁ'B? %1%1“1
received_traini % si gnal conmponent_ i s detected i medi atel y. such case 15

the trai Mg §t Ire@éﬁﬁ%@rﬁlth%r tHae difierennenbelvean tise gbicer #edand the

before t condi t efore m ng

| ock (ti %laﬁgﬁ)réglc.:%{;ﬁ ?e(\g/ﬁ;ggggglig% %nl&e%rh ?5?12"%?? g

denodul asigndltarad ttherR sﬁgmlomng)@ntem dregel ﬂé%@lv%d%é{aé%éeﬂnr@ pect to
automatic gain control (AGC), timng and carrier. At this tinme equalizer

Contrdl §pghainedapbthesquelinex SPmoutpit signeduse the coefficient val ues 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-zero initial

val ue. This athisperation)e et 3 eﬂ@i&f@hn&%ﬁh%&hénwﬁ%% e filter

coefficient values to prevent unwanted random changes In coe I ci ent
val ues bé’PSF%tlflgénQéFual dateedirectasuitraining orods, Gi:dsmmdmeqlmscted mode,

Al ternati be aded wi.th the |astknown valid
coef fici lg vasltgggg ?ﬁqaﬁ{]gq&fﬁﬁ)C§ﬁaé?%?g%§8ttﬂ r,\;g){n%e acguss W q’é‘??hnlB?t a

zer 0 10ut pharadteeistid éigthEva’éy%@ paftté%n '@0thd ré@ifed RRULH | hfézx 30 this
time. - 9 MAR 2005 13 Th rocesS of blind equalization usihg the CVA

al gori t hgxbijitag nmmonwrged Ql@%ﬂtteyc ipaittegni. S rathingyand devésibhi-nd rmde i's

erforme en fi.eld sync se s This occurs ep the segment sync
(F:)orrponen %C%%%R'eéé o{}e%c ?\%F Ciﬁet"@ FBAD BRERY '{cmye{;]@@ﬁtegﬁdgmqs@gk 5

are presenis ndtecHeht ttn@faqém.smtfoﬁme Pﬁé’e heekAnalo q;s ﬁ%veyed to

m croprocessor 66, which in turn generates appr priate equalizer Control
si gnal s. TEFP@VQddé@ls‘énéfSIgmah@IO@@@allemzas|dntectad)imasedlaeelysh1 sfichheagaVA

al gor th t of the rece ved sjgnal is

det ec %gg"gf‘??é%‘%a @é i@r ??5905‘1 %éﬂls ’thYeIVUX 26 10
causes I\/lbng&@ ety Pattére 6ingl gorithmfromits i nput (1) to the
coefficient control inputs of FFF 20 and DFF 30, and a Control signal

applied to Mix 28 causes Mix 28 to convey the equalizer output signal from
L PP D) R OEpb B o e Y e S
achieved, FFF 20 and DFF 30 idle while demodulator 18 attempts to lock
20  the received signal with respect to automatic gain control (AGC), timing
and carrier. At this time equalizer 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 equalizer Control
25  signals freezes the filter coefficient values to prevent unwanted random
changes in coefficient values before the 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 state both Mux 26 and 28
exhibit a zero output. The output of Mux 29 is a “don’t care” condition at

30 this time.



The processes of training and decision-directed equalization occur next,
“when timng lock is achieved after the field sync conponent is det®8t@AR 2605
The data-directed training node occurs when the received PN signal
component is available during the field sync interval of each data ‘20
frame. The presence of the field sync q@nponent initiates the start of the
PN sequence trai ning node. As discussed in connection with Figures 4 and

5, al such Uihd Peodisy of Biind dRidaplatid:URing $he TMAYELot Al HERR Ocessor

66, which in turn generates appropriate equaltzer Contr signa During
field symextnpliey soarepsimingis achieved. Piet bhndimgdess gerfomeed i S f i
avai | abl ref.erence PN .si.gnal is acquir from nenory 70 after the
field syﬁ)ce%eg’gﬁ%lgtge}gﬂc PRETEENS ¢ lssqcﬁhléﬁé’g?ﬁgggstqe@?“t%b‘l:i ed to Mix
26, 28 andrfofiénsef (A racéivelinipgaFld QbtcthanatatQep ! ?‘ e
coeffi cient I?:Qntrol inputs_lof FF%EZO and DFF 30 Vxlqg. ’I\?chxlgagg,ﬁ SH’%{; _

r ef er nc &TPNPIESgRA] At SUh tiore e SegmariteSyng Mdtechpignadfis BBRvaPedBovi a Mix

28, d th f N .Si. | to b |l ed tqQ conbiner 21 via Mix
20, o e DEee SR WhIKHD i e Eenphetes BB VAP YRt CauanZerCanFTalne

uhen sii eaghanedHioptelea o bifd e BANBMAAI RIS tBELAE AHOCHEL, the

Control signals respectively appli'ed to Mix sé (a) a slice
Error si gagbritlombeeiogehedi¢ld syhes corffarsirandf thentecelivdéchpigimla FFF 20 and

of gnal 1 ARUECHE IO TRt apizgh PTo] HETRL RIS CUMWER640 1 0 be
caual Tzt Lo Rt eay e b R PR T B8R e ove 1o
deci si on-c@eflaeient copéraltinputpraf\BFF 20 and DAR 3M0ind = Cpateslisignal
applied to Mux 28 causes Mux 28 to convey the equalizer output signal
from its input (1) to the signal input of DFF 30. The output of Mux 29 is a
“don’t care” condition during the blind equalizing interval.
15
The processes of training and decision-directed equalization occur
next, when timing lock is achieved after the field sync component is
detected. The data-directed training mode occurs when the received PN
signal component is available during the field sync interval of each data
20 frame. The presence of the field sync component initiates the start of the
PN sequence training mode. As discussed in connection with Figures 4
and 5, at such time the Field Sync Detect signal is conveyed to
microprocessor 66, which in turn generates appropriate equalizer Control
signals. During field sync intervals when the received PN training
25 component is available and the reference PN signal is acquired from
memory 70 after the field sync is detected, 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 30 via Mux 28, and (c) the reference PN signal to be coupled to combiner
21 via Mux 29. '



~ModeMux 26 to FFF, DFF Coefficient Control Mux 28 to DFF Signal inputMix 29
output Initial stateOO Blind Eq. CMAEqual . Qutput------- Trai m NQR 2005
(field sync interval)training Errorref. PN signalref. PN Decision Dr.
(non-field sync int.)slice Errorslicer out.slicer out. 15 The equali zer
control signal associated with the trajgping node is extended in duration
during the recycling process is response to the training signal Recycle
signal’. Recycliutingheort Rla ihcoiriBRaldd2dch AAEPHUAMNE Sl Rithe
principles of the iI'nvention occurs during tahe initial phase o daptive
equal i zatiased denisiom-dirgcteshgquabizatidapsi beingpmiformedpeh@ Coxaubd use blind
equal i zat i r cli.ng the traini signal, o predet erm ned_conbi nati on
of thesesbé)l{ol%lgsrg%g SHEY Yf%ﬁ?ﬁ&‘t‘?‘iﬁ%\?g&%@{v@ééﬂé Bgr%ﬁﬁﬁh@)i%shwﬁrmr
anti ci patsggh &l @Bé cotpled t@Mhe cHeffitieRY cHNIRA! inf 'FC‘FQF | can be
perfor ned@%}l. not V\/nen%le first fi élg sf%c%@glr{rléﬁ{gicdg etggée'gaaﬁ)hﬁt he data
segneht 36 wiavMux 26| (vihegoutput obslicary40 t35hé noavspdd tolthewiggal he first

field ] i . ind i zat i b ted if the dat
e aeSeRRT IR fi s B g She ot B s A B deiaprintig =
per f or medo QorAbine# BN vid 81322 D hieleds RUAG dtatdBHEFLRSn 0 SO on to the

deci sion directed node.
equalization has been achieved, the signal conditions described above for

decision-directed operation prevail.



30 Recycling, or repeating, the training signal data nmay occur over a
predetermi ned integer number of cycles, eg., 3-4 or 10-15 cycles, bas®grongs
the requirenments of a given systemand antici pated signal conditions. The
equal i zing systemis mcroprocessor controlled to switch between two
recycling sequences as a function of cestain information. For exanple, in
35 the case of a 16-VSB nodul ated signal only 2 or 3 repetitions of the -
9 MAR 2005 16 training data within a data field may be needed to converge
t he equalizer, On the other hand, a |ess robust 8-VSB nodul ated
terrest r PRFT3iP8adcast  Myh2b tllF, Fui re 10VMax 28 % DEPet i t i Mns 20f t he
training deodet o achi ev&ocfiiRtMecgsmse. A exagsshvigdy | arge &%er of
training data repetitions is 5 tinme consunm ng an er ef or e undesi rabl e.
Deci sion-directed equalizer operation is inactive while the training data
i s be? ngHERVEREd during data Segments prior to dbnvergence-—-Fhis is
acconpl i shed by generator 66 providing appropriate Equalizer Control to

signal s tiplexers 26 a 8 in respon t he Recycl e signal
(Figure ?}qggﬁtq' the end of eagﬂd‘%&ecycl e si gn}?q,uaﬁhcﬁeut@dhal i zeT1's again able
to operate in a decision-directed node or blind node as needed, as

di scussetrdigingw. ~5 After trifingdaber m ned NueheN dndir ai ni ngr Gaf a

repetati i . leted within a given field (eg., within the first field
af t e?bt hgﬂfdl "Léyl%é lfsig%ﬁ%l) is acquired), the equalizer performance is exam ned
to determine if the equalizer has achi eved convergence. This can be
acconpl i DeediohyDir.di sabl i ngslidecErracycl e cont rsikersd@nal  dur i ngicthguthext

field, egonfdi€spfaapfl 20 field, and entering the decision-directed node.

| f decision-directed operation produces a large slice error signal,

i ndi cating that convergence has not been achieved, decision-directed

operation is dhsabl ed.during the. next (third) field and the predeterm ned
nunbzgr of traﬂhengq%%lf%err%%gﬁrph iasssﬁgi?éﬁ e‘ﬁlth&henﬂ'afq’i’é‘gﬂ €St a field

i n respossterided e diralRRey QLLirOé PbcydliHPbrodddisSisHeldppiise 48tHeUES unti |

the slice error signal indicates that” convergence has”been achieved. \Wen
t hi s occtainingesigrrddyecysle isigral. Reayichiagl the:, trafmingesigaiabdadainct ed node is

ot a- di r Sepelan & R, Endmilr el A naEHiiH o PERES SiSE Rbedoia, as
I ndi cat eghiaRetdfeaduiesleqtalid@tibAbMe initial phase of adaptive equalization
20 could use blind equalization, recycling the training signal, or a
predetermined combination of these processes as a function of software
programming in view of anticipated,signal conditions. Training signal
recycling optionally can be performed or not when the first field syné
segment is detected. In the data segment intervals following the field sync
25 interval following the first field sync segment interval, blind equalization
may be repeated if the data “eye” pattern is not open. Training signal
recycling optionally can be performed or not when the second field sync is

detected, and so on to the decision directed mode.

30 Recycling, or repeating, the training signal data may occur over a
predetermined integer number of cycles, eg., 3-4 or 10-15 cycles, based
on the requirements of a given system and anticipated signal conditions.
The equalizing system is microprocessor controlled to switch between two
recycling sequences as a function of certain information. For example, in

35 the case of a 16-VSB modulated signal only 2 or 3 repetitions of the



- 9 MAR 2005 17 Recycling the training data over several fields nay be
" necessary to achieve convergence. Alternatively, if convergence IS fO¥AR 2005
achieved after one or two fields of recycling for exanple, the blind _
equal i zati on node may be used in some predeterni ned cooperative combi nati on
with the 5 process of recycling the traéning data. Al though the invention
has been described in the context of a television receiver, the invention
may al so thainisgdata withen at dhecieldimgabe e déavicesn et dd@hih

[ I ivalent are |0 used, such as in nodens or DM net wor ks, for
ELE% e?r()r_? QEE\&&L&%%@C@S& ?ﬂﬁ@l fdust & \iyBieadidategr terrestiriag broddcast r eam
I ved t 1 §5 | . sald.datastrea ont ai ni.ng recurring
{ra i ng e Bay reRiiie 19 618 P Bo b L e Tai g e
responsi venvergraiat. datas¢sstoelyflargd hedtibenof draindesodich 3epdtisionak;

5 time consuming and therefore undesirable.

Decision-directed equalizer operation is inactive while the training
data is being recycled during data segments prior to convergence. This is
accomplished by generator 66 providing appropriate Equalizer Control

10  signals to multiplexers 26 and 28 in response to the Recycle signal
(Figure 5). At the end of each Recycle signal, the equalizer is again able to
operate in a decision-directed mode or blind mode as needed, as

discussed below.

15 After a predetermined number of training data repetitions is
completed within a given field (eg., within the first field after the field sync
is acquired), the equalizer performance is examined to determine if the
equalizer has achieved convergence. This can be accomplished by
disabling the Recycle control signal during the next field, eg., the second

20 field, and entering the decision-directed mode. If decision-directed
operation produces a large slice error signal, indicating that convergence
has not been achieved, decision-directed operation is disabled during the
next (third) field and the predetermined number of training data
repetitions is repeated during the next data field in response to the

25 Recycle control signal. This process continues until the slice error signal
indicates that convergence has been achieved. When this occurs, the
Recycle signal is disabled, the decision-directed mode is enabled during
non-field sync (data segment) intervalé, and the data-directed training
mode is enabled during field sync intervals, as indicated in the preceding

30 table.



~an adaptive channel equalizer responsive to said denodul ated signal and
having plural operating nodes. including a training node 10 respongi M&R b5
said. training data conponent; wherein a received training data conponent is
used nore than once by said equalizer during a predeterm ned interval of
said training node, wherein said datastream contains a received Vestigial

Si deband .(VSB) nodul ated signal conmpridfng recurring training data
conponents and high definition video data 15 represented by a VSB synbol
const el | at i onResyFlingdhe training daumover sevaral fieids awans betneadshyy @o

i d i si field . nt prefaci
oo et ohfeveebRuer e ANTRhL TR, 3t Comvereetioe de Pt e bRt aRtetuher el 1
sai d receneest twaifitldg oflakey CIP aeaka; 1é,eﬂ§ce€1iﬂaré<{19alg{§tééﬂ Ribde data

field following a first detected field sync conponent. System
accor di n§ay belased n sames predeterthinedsaxbparative npmibireation eweh ahsed in

> writr POt e A Sl it PRt dat a component 1o constituted by
| ess than all of said received training data'.. - 9 MAR 2005
Although the invention has been described in the context of a
television receiver, the invention may also be used in other
telecommunications devices where a training signal or equivalent are

10 used, such as in modems or COFDM networks, for example.



19 5 A systemaccording to claim?2, wherein said training data is
constituted by a plurality of pseudorandom nunber (PN) sequences; ar3dMBR 2005
said reused training data is constituted by less than all of said PN
sequences. 6 . ~A system according to cl ﬁgm 5, wherein said plurality of PN
sequences includes an inverting PN sequence ~o that inverts from one data
field to the next; and said reused.tr ﬂéﬁ*% data is constituted by |less
than all of said PN sequences excl udi ?1% |§ i nverting PN sequence. 7 A
system according to claim6, wherein 15 said reused training data is
constituted by the first two_of said PN sequences. 8. A system according.
to claimb5 whereéin s&iWER fﬁanrQiéﬁ%lngrﬁogEMraam rateiwdd feomeace and

e, 20 BN on EHL AL N RS e b S e
5 components, said system comprising; |
a demodulator responsive to said datastream for producing a’
demodulated signal;
an adaptive channel equalizer responsive to said demodulated
signal and having plural operating modes including a training mode
10 responsive to said training data component; wherein
a received training data component is used more than once by said
equalizer during a pfedetermined interval of said training mode, wherein said |
datastream contains a received Vestigial Sideband (VSB) modulated signal comprising
recurring training data components and high definition video data
15 represented by a VSB symbol constellation, said data having a data frame
form constituted by a succession of data frémes comprising a field sync

component prefacing a plurality of data segments.

20
2. A system according to claim1 , wherein
said received training data component is reused during the first

data field following a first detected field sync component.

25 3. A system according to claim 2 , wherein
said reused training data is contained in said first detected field

sync component.

4. A system according to claim2, wherein
30 said reused training data component is constituted by less than all

of said received training data,



' ' i i terval
9 . A systemaccording to claim1l., wherein 25 said predetermned in
' encorrpagses a field sync interval and nore than one data segment i NSeMAR:I2005

of a data field. 19

5. A system according to claim 2, wherein .
said training data is constituted by a plurality of pseudorandom
number (PN) sequences; and

5 said reused training data is constituted by less than all of said PN

sequernces,

6. A system according to claim 5, wherein

said plurality of PN sequences includes an inverting PN sequence
10 that inverts from one data field to the next; and -

said reused training data is constituted by less than a_ill of said PN -

sequences excluding said inverting PN sequence.

7. A system according to claim 6, wherein
15 said reused training data is constituted by the first two of said PN

sequences.

8. A system according to claim 5 wherein
said training data comprises a first PN sequence and three
20 subsequent, relatively shorter PN sequences; and _
said reused training data is constituted by the first two of said PN

s€quences.

9. A system according to claim 1., wherein _
25 said predetermined interval encompasses a field sync interval and

more than one data segment interval of a data field.



