WD 99/ 67946 PCT/ US99/ 12143 1 HDTV CHANNEL EQUALI ZER  This invention
concerns adaptive equalization of a video signal 5 transm ssion channel
whi ch may contain high definition television information. The recovery of
data from nmahdsatre® si gnal s conveying digital information iPCBYSAIGRI4B0r m
usual ly requires three functions at a recgiver: 10 timng recovery for

synbol synchroni zation, carrier recovery (frequency denodul ation to

baseband), and channel equalization. Timng recovery is a prmmmmmmﬂwwmﬂrwch

a receiver clock (tinebase) i ' smitter

permts the received signal t@%é&@ﬁﬂfé@%gg m poi nt i n,tbre to
reduce the chance of a slicing error associated with decision-directed 15
processi ng of received synbol values. Carrier recovery is a process by

whi ch a recei veThiFisieghiah, coatémrs ddaptiyef eqmlzatipnddanvideovipraéd to a

| ower internediate frequengcy. passband (eg.,. near_. baseband), is frequenc
shifted 2o 'IRRSBYSHATY aa@?ﬁwblﬁeww am hagh bignitalevisierband g
i nformat i 0N 2 P YR digital data comruni cations systens enpl oy adaptive
equal i zation to conpénsate for the effects of changi ng channel conditions
and disturbances on the signal transm ssion channel. The equalization
process .estimates the transfer function of the transm ssion channel and
applies the invdhedesgveryef datsEpom modhdatedrsigalsiceny eviapdigital gnal so as

to reduce OEnf%?m?aHﬂE} iggz&gng%lﬁo{%%sﬁﬁhg qﬁixfeg(fflﬁée Qﬁ%gﬁg:s Sgglur%lc!ai%%'i on

typical ly enploys at” renov roma receive anplTtude and
phase diist OkinhiRipsreceeetlyt fof gymbbDgyrcHroAlpaCidey caepandesieryi (flRquaht@nt

response of the transm ssion channel, for exanple, to thereby provide
i mproved sydpolodgdation mbasghamid)i and chaepgl daualizationehuning teseetranid a
i ntersynbol _interference (1Sl) caused by .30 transm ssion,channel .
di st ur bance®TPGHEF I‘?Hi%‘3“5%’%8%‘&95a°§°s°?‘f.d(it’|1¥%9a}sﬁ lse?@bfowedt%ﬂgr}f?’é%}ﬁt?si on
channel . | Sk]eRUTRS pdienitatheraeivediii¥anl t/bOShmpRedst the optimum point in
time to reduce the chance of a slicing error associated with decision-directed
15  processing of received symbol values. Carrier recovery is a process by which a
received RF signal, after being frequency down converted to a lower

intermediate frequency passband (eg., near baseband), is frequency shifted to

baseband to permit recovery of the modulating baseband information.

20 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 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 disturbapces 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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di storted by the values of preceding and follow ng synbols, and essentially
WO 99/ 67946 PCT/ US99/ 12143 2 represents synbol "ghosts” since | Sl includes
advanced an¥Od®p®yed synbols with respect to a reference sYRSIS?VHE4ti on
in a given decision region. An adaptive equalizer is essentially an
adaptive digital filter. In 5 systens using an adaptive equalizer, it is

necessary i.de .a.met hod, of ting the filter response so as to
adequat el x;/etpgg%{)ng% $ g{neboil ggh%sﬁﬁnﬂélfe fgfgicl‘r‘ 507y ansed @ng) dedayest symhelsar e
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response. One wdely used net hSt(:})’g‘Kerrpl c?ys tlhe Ejevaeglyec?\%ggél? ddi es (LMB)

algorithm In this algorithm by varying coefficient 10 values as a

function of a gepresentative error signgl, the equalizer output signal is
forced to appr‘é?iar‘?ép VE SHAOPEhEEe ISR aﬁ@@@e@f@ﬁ%“"ﬁﬁ@t@ﬂﬁéﬁfﬁrsl@nal is
formed bysystdhEGihNnt I i |, f he reference data
sequence.syis t he ergr1olr1 {@Sﬁg}@&'ﬁ%ﬁ%%‘gﬁﬁeg%%“}%%ﬁg é‘gg}ae’lazg}e%gﬁﬁro aches
conver genddaptieg thy fittee respmse zemsdutadetyuaicdyp abmpetsitfactor ehengaice data 15
sequence rte gp rogi matgl qey& al . When the equalizer operation is

i nitiated St OBBE YR ﬁi/g hI‘EFEsa’(ef?‘[atl le forrpdantipg e flter gerfficientnot set
at val uesgytigdreBG @ ' f nngl _dj.stprtions. In
order to ?orce iemg’t ?gﬁﬁ%%%gyg%%égﬁl %;W g%?’f %%gd;(‘q‘%éﬁ&@%%“pg%%ﬁ #}?ecﬁ%‘?ﬁts, a
known "t rMieanrfifuasicy (BMSVelgdrethus eth tiss talgorithedh e ense/isl ¢balticicti S si gnal
i's program]ed at both the transmtter and receiver. The error signal is
formed atvd'HES P%éef%@él Hopyf & rsPresent aigvea eTteE slanal, derequaliver oopyutof t he
training §i d : ' equakt zer. The training
Si gnal el pantis (G bt iR AR KSR ThE arof st &y

si gnal , dsriedvy. sulftractimglap é@ualdel butpet §igahnirosh fidPdbredchglatgye” has
opened considerably and the equalizer is swtched to a decision-directed
oper at i ngeRBERCe- 14 the &rrapaieral aapreashes eeknsbe equakhizerfapnreache wei ghts is

achi eved dvbaidide WiferdBh AL YBhHES QleptY TRRLS ahaAe! AR QUL PYL 0T the

15  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 of

20  the equalizer coefficients, a known "training" signal may be used as the
reference signal. This signal is programmed at both the transmitter and
receiver. The error signal is formed at the receiver by subtracting a locally
generated copy of the training signal from the output of the adaptive
equalizer. The training signal helps to open the initially occluded "eye" of the

25 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



equal i zer instead of using the training signal._Thelﬁecisipn directed
equal i zing 30 npde is capable of tracking and cancelling tipe_va 0
channel di SYBPY$0% nore rapi dly than nethods using perlodfggﬂpgyb_ _
transmtted training signals. In orderqfor decision directed equalization
to provide reliable convergence and WO 99/ 67946 PCT/ US99/12143 3 stable

coefficie . approxi mat el y .90% of e.deci sions nust be correct.
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convergence of the -equalizer coefficient values and to force the eye to
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exanple, Ln Progkis, Digital ni cations, MGawH Il: New York, 1989
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I f i.nts defining one of several (constellation I

ginf ? e?‘og(r:rtj ('iaﬁé)pgol I the %@@Q@F?%U@m Adgomithmg (Rdﬁépe’i‘hemalgekﬂthtqscm?" f .
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Yo fit i regcditel HrRadil o EOMLE DRk Gor elimastvitis Mkt BhD <

subdi vi deNewoYérk; 1989 drtbin Ga@arl)SelCReVeIRIg Byh Azatldh 2nd TRy onal

systemusing a feed forward filter (FFF) and a “decision feedback filter

(DFF) as casking & dwo RimepsiopghData Cpmpuphination Sysptisy dBEE nd

equal i zat4 ision-di.rected), dur| he i nj.ti si gnal 25 _
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¢ 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 signal is first forced to fit into a

super constellation, then the super constellation is subdivided 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



directed equalization. In the decision-directed node, filter coefficients
are updated to finer values by using a decision error signal which is

cal cul at ed WP 99($3944g a known deci sion function. At this ti nePQEYHMHES FFF
and the DFF have 30 their coefficients fdapt ed (updated) in response to

| ocal |y generated control signals in a“decision-directed node, eg., based
on differences tween synbol sanples appearing at the input and the
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filter (DFE)_which exhibits different opeéerating efore and during
deci si on- 1T Batend BgLaBi34thive et gpdei thatsyktem thdighelt signalpmoasésesras a

li near fe id.ter duri bli.nd li.zation, .and. .as a non- |inear
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Figure 1 is a block diagramof a portion of an advanced tel evision

recei ver, such as a high definition television (HDTV) receiver, including
an adaptive eluar¢ordaneywitdnthecpondiptey dfdht heegmitriavphtienod difiealpr esent

[ ion,, 25.Fi e 2 [ . f f t f VSB si I
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15  definition video information comprises a feed forward filter (FFF) and a
decision feedback filter (DFF). Both the FFF and DFF operate adaptively in
both blind and decision-directed modes.

20 Brief Description of the Drawing

Figure 1 is a block diagram of a portion of an advanced television
receiver, such as a high definition television (HDTV) receiver, including an
adaptive equalizer system according to the principles of the present invention.

25

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

In Figure 1, a modulated analog HDTV signal received by an antenna
30 10 1s 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



G and Al liance HDTV system In Figure 1, a nodul ated anal og HDTV si gnal

received by an antenna 30 10 is processed by an input net ' udi ng
RE tuning cWPAAP*T4® a double conversion tuner for produci ﬁ?&jﬁdﬁyhﬂ%

i nternmedi ate frequency passband output .signal, and appropriate gain
control circuits, for exanple. The rece?ved signal WD 99/ 67946

PCTI US99/ 121 S is a VSB nodul ated signal as proposed for use by the
Grand All i‘%ﬁéﬁsﬁﬁ‘{ffu@%‘f %‘ﬁ?‘?ﬂ% Héomwé&ar use b she Gzand Allvagee HFEY

| S~repr es@phReh By the UitedSFRASI S .. const el l.ati on wherein only
one axis cgnt ai ns quantei zggﬁggfa toag’?@%%\ggge?pﬁfls?ﬁgdi’é’caeﬂi%‘r. To
sinplify Migensional deta Symbolworastellstigmaiberéioronly @eki9s thgtaind ust r at ed

functional bl .cka or 3 i)i mng recovery network (as known) for deriving
timng andUepbiegd daga Lo bereenierad by the pcaiver Tgreimplify Rigere Lpeat i n t he

G and | i gx?éﬂ LM, i fi i d ,lo 1L 14, 1994, the VSB
trans mélssisgﬁﬁglydsi?ew trgnsmlt§ gﬁl gmgﬂgx%%hp %Prgg%i g&%%‘@ﬁ\%i%gﬁé’rfar%ﬂ’éng ormat as
shown in Fegueey Aetworkelsl kniwm) fos ideRi@in@timifg artlEBEIE SRS bk &le
frequency is . added to the transmtted signal to help achieve carrier |ock
at a VSB Fretdys®ef8hReferring to Figure 2, each data frane conprises two

fields wwth each field including 313 segnents of 832 nultilevel 15 synbols.
The first segnent of each field is referred to as a field segnent, and the

remai ni ng 312 seghebiibedlis tHaGranaWERAnSe Mﬁeﬁ%fﬁ@at?&%@t{eﬁ MPEG
(0]

conpati bl ¢ data packets. Each data segnment conpri ses our sy segnent
sync &har &prdrl4 d9P4we ¥y Botranamissioy spetem trBasmits datth wihrepresceid@Ar i Ses

a four sy ync .character followed.by. a field sync 20 conponent

conpri si ngggé pre eo_ginrﬁ%n%sds%‘ﬁnﬂﬁ%fmpiéﬁﬁm&ﬁ%%t ®PN) sequence

and t hr eespppeiabed bhRest £SOl ﬁﬁea%guﬁgeﬁ&snfli@&d@igﬂhﬁ o,RAP of which is
A VSB Ede n

inverted in successive fields. node control sign I ng the VSB
symbol copskieve gsarmer MickatfapVSBuecetver| BeferfagRbl Rigartedcech ddtiadfhaing i N '

turn fol | gued ¥ 30ofist With SYAPRLA AN a2 B8R0k el bfEad noMhilevel

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

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

25 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 HDTYV 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



25 the previous field. The passband output signal fromunit 14 is converted
to a baseband signal by VSB denodul ator and carrier recovery network 18.
In this exa®%/67%96t work 18 contains circuits arranged as dd&drYH&&I*H t he
Grand Alliance 30 HDTV System Specification, and in an article by W Bretl

et al., "VSB Modem Subsystem Design foF Gand Alliance Digital Television
Recei vers," | EEE ransactions on Consuner El ectronics, August 1995.
Briefly, CRfYPEMPer By 9drpiesry 46 drtmsedodietllbdp ustngrtlye beafasifoer med by

a frequengy, Eiﬁ% i.ng; th ..l ot signal conponent

i ncl uded inglt?dr]\go oa gggﬁ&ﬁg?@?@@éggf%né:F?le}{%ts‘%stg%ﬁHtﬁ%tgnaI from
net wor k 1®asebdrad signaiifsoni @eoweFlels oktansshlyrdcaye s s QRg, 2 ' eal

axis. The dergg)gul ated synbol information fromnetwork 5 18 1's converted to

a di gi tal SYHDPest plong pieal mximal hrydemodulsited symbol infoemation friatrtseghent
synchr gni zat:i lbock,(timn recovery.are erforned by unit
S o o 18 WPt AR % 4 AR uSES et b FRSPR o Giakal coRverena® oL

System Specification and in the Bretl et al. article nentioned 10

previously. A Segment Sync Detect Signal is provided when data segnent

synchr oni zat i oRaAdegmeni §ynelronézatidraveobennand hioekdtmifge raishput anf

anal og to digi onverter 119 i s als lied.to a, dat, field (frame)

sync conpgglé%btn ggtbérc‘tl%lr% ]’J‘.S‘;.w }nglf‘\%Epkglcg'ﬁﬁ)gﬁ%%orﬂ‘érasﬂwpgﬂgn the Grand fiel d

(frane) swillafenBONEVISydedt Seificaknn ﬁ{&iﬁt}?&t&??ﬁ%t ) ahlel%le%%g%oﬁ'eh' ance
r

HDTV specification and in the Bretl et al. article. Detecto provi des a

Fi el d18yn®redeesly. ubeainert Gwat DeteatiSigoal isqeesited66hahdatd begatn  fiel d
sync conp t has ,been detected. The digital data fromunit 19 is
pr ocessedggxgagr?nézc?&b% %ggldjblé’ﬁ rfé?"%t%%kb‘??@ 16¥4d- be di scussed. An 20
equal i zed baseband out put signal fromnetwrk 50 is decoded by unit 60 and
processed by out put network 64. Decoder 60 includes, for exanple, trellis
decodi ng, dat aThe-outipet pEavalog tReligitSotomventee 9ok atey appliedto addta
audi o/ vi dgo chodfr net wor ks as known gnﬁ descri bed, for exanple, in the
Bret| art| 8}% ame) sync component detector 17. Networks suitable for provi ing
15 data field (frame) sync component 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 data
field sync component has been detected. The digital data from unit 19 is
processed by an adaptive equalizer network 50 as will be discussed. An
20 equalized baseband output signal from network 50 is 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

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.



mentioned above. Qutput processor 64 includes audio/video lo(rjocessors anfl_ 25
audi o/ vi deo_reproducti on devices. The segnent sync and fie sync /ft ction
circuits inwl(,?rﬁ%f‘;?“iS and 17 provide output Segnment Sync Detpecc"%;us_gﬁg lﬁ?el d
Sync Detect input signals to control skggnal generator 66 (eg., including a
m croprocessor) when these sync 30 conponents of the received signal are

d. ) ds t hese. signal s for_ providi ng output
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reference PN signal’ and the PN training signal conponent ei ve
dat ast r eaﬁpddhe?@‘ltthelmng elghad yomponent vidhe rboeiveddatostrehmdbSng @R r ol the

i tchi Mul tipl exer , .28 and 29 in the blind, training and
deci si Bzgéﬁ%&”é‘a“@%‘? t iha%?%ﬁé‘g signalgjcoptngh the switshing OflMu‘Ihplechrsput
signal fr iatn dls N Qi t ey S;inter- s 0
i n? erfer e%(‘:;I ’eg? Iatélld) %:gﬁgﬁeégbl@d "?errginlglﬁk & glﬁo%ecgﬁgﬁé%ecg‘?% ?%?rﬁﬁwt,geéggﬂ%l as
artifact swillihesdiscggsald. i s applied to a real (in contrast to a conpl ex)

feed- forward filter (FFF) 20 operating as an equalizer, eg., a symbol rate
space& 15 (' T-spaced") equalizer, which in this case is inplenented as a

igital FIR fi . LCi $ a i ght s) equal i zer
fifter 20 are adsauepsy SiEEaTRanEh 1S Bhid h@Ral Baf a5 eelbns SHrnd 1 rom
mul ti pl exeymbél asterferéndeaISHi 3eid68 8§ tr2QsAhQi RO irZd disthghah odsr.Qm fi | ter

20 is conbi ned by an adder 24 with an equalized signal froma decision
f eedback Pfqlfaéfs-é’a‘léﬁé%l&lilﬁgpabeéﬁo aqeal {ipeontrast to a complex) feed-

forward filter (FFF) 20 operating as an equalizer, eg., a symbol rate spaced
15 (“T-spaced”) equalizer, which in this case is implemented as a digital FIR

filter. The coefficient values (tap weights) of equalizer filter 20 are adaptively

controlled by a Coefficient Control signal from multiplexer 26 as will be

discussed.

20 The equalized signal from filter 20 is combined by an adder 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



DFF 30 renoves intersynbol interference not rermy?ad byngFI 20. The
coefficient values (tap weights). of equalizer filter also are
adaptively WOMO¥6l ed by the Coefficient Control signal (i.RCT/UYRA2143
switched Error signal) 25 fromnultipl %xer 26. The input signal to be
equal i zed by DFF 30 is provided from muPtiplexer 28. Both FFF 20 and DFF 30
have coefficient val ues adapted (updated) in response to the Coefficient
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an aggr egaiperatjonlchases DOFf 30 teapeatd b8 ant MR ddviRut signal to decoder 60.
FFF 20 equal i zes pre-ghost conponents, while DFF 30 equalizes post-ghost
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signal fromadder 24 is the output signal of equalli t of
adder 24 %8, aciliseedOt a subtractivelcoimtherd2 hgnha $dwpke26rshi?h podide2d, a

slicer 40, subt factive conbiper 21 and a source 25 which provides a CMA
bl i nd ada&llg%\n&é?%g(ré??ﬁﬁ? aiﬁorﬂﬂyn% provi des either of two signals to

coefficient control inputs of FFF 20 and DFF 30 in response to a Control
si gnal produced by microprocessor 66 for various operating nodes when
field8ync and Mey@émrovileseitwrpdtentsgrale tdebeffichht cattrl ihplre ogxpl ai ned.

Th i 6 i nclude the, CVA blind adaption algorithmfrom
unie{'seZEI \?\hq%c 253‘3@0%? %%"Eestpr?é‘s%&‘&alQ%F‘)lciiﬂsﬁltpré’idg‘ﬁ%d byand an Error

si gnal fr efickbysroedlsBHE6Gbr varBhLE %Bélla\fﬁ}é:ﬂﬂ;‘aieg'Whe%l?elg%g'nrgrarrl%rseij&}g’en :j t he

represents the difference between the 1nput signal of~slicer .
out put of S#ne Rpmgonemtsi glealesect2d, adhell beuixpldined. Thedd sighaRlfrém Mukher a

slice Err 9% i%icﬁfé%' th%rcm {)ﬁingiar&%ptElrogoarlggri'iggglﬁommlTneiE %5 which responds to
15  the Equalizer Output signal, and an Error signal from the output of
subtractive combiner 21. The Error signal represents the difference between
the input signal of slicer 40 and the output of a third multiplexer 29. The
output of combiner 21 is either a slice Error signal or a training Error signal,
where
20 slice Error = output of slicer 40 - equalizer output
training Error = PN reference signal - equalizer output
When generating the training Error signal, the equalizer output is the PN

component of the received datastream.

25 Mux 28 provides either of three input signals to a signal input of DFF
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
mput (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.



20 slice Error = output of slicer 40 - equalizer output training Error =
PN referencg«)ssjg%gﬁl6 - equalizer output Wen generating the l;éﬁﬁ%mgugrror
signal, the equalizer output is the PN conmponent of the recefve

dat astream 25 Mux 28 provides either ol three input signals to a signal

i nput of DFF 30 in response to a Control signal from m croprocessor 66.

These signals ¢ . al bzer 50.output, signal as applied via a
di rect connect i“ggﬁlggge} ?lgrlget%%f’ﬂg% oM “R&?oﬁ‘ ,‘Htsi"%'l dromt signal from
slicer 40 mpubprietsor®esond pskeivesad inpdts Bhe Mikrafe P{gdcréi%?ng%m eq PN

e

reference signal fromnenory 70 and 30 unit 66 appli to a thi (?input (3)
of Mix 28.5efipencs @uung fratd symo dntervals, agd kheé bitpuexeapn 20froesslted A0t 4 a

swi t chi ng sihgnal .fr I C rocessor 66 and . receives as inputs the
ref erence Ogﬁlg% ?%i!lensl' Hg‘%s‘?“&%?g}é@ah%ﬁ%a l“?q?uEP %Macts%eomhtr@r\?dl whermd t he
out put s5si doad diffe@Bhé&dd weth tHe Atpufki}fial tﬁlo'm_%qu;-igf%}pﬁ P(yérooéu

. . . . Wi dirt?
applied to subtractive conbiner 21 where 5 it | i T1erenced TRE
out put si ghemal TbeErgankigned represen s therethietdiffererme betiwebalthe EigeEl O
si gnal rep%t%isﬁ{lﬁts eilt her, thei d&ffer nce between the slicer 40 and the
equal i zer Sialigeg 29 witpy sygnalyyiorthe diferemse hebweem the eéferanvee PN
si gnal andPNheglY s | streamas contai ned
in the equalizer 50 out pﬂﬁ%gggﬂg{&n}g%l%%ggggg %/egﬂ?&jgé%ashefé? a80 exhibits
an initi alcootaidediinthe qbhliner 5@patmitisignatode, a data-directed training
node, 3 deci sion-directed node, and a steady-state equalized condition.
The bli'nd node occurs when the <characteristic eight |evel "eye" pattern of

the received 8- 13Besi@hal [ﬁfgﬁ | ?E}Bﬁ | osed. gye pattern .. Training and
deci si on-di rect ed Toper ati o oiczgtESBa erl&g?gsn,“qlahcgﬂaﬂﬁ@’"aeylé“dexhi bits an
open eye paetrating mdde, 8 duthelirddied tidiniry Mote, NA6ESRALAirb&edtisde. E¥Y
pattern to opeayif the received_ traini ng? signal conponent is detected

f lgrcg

i medi at el3Stepy-Staig zed gondikion. e 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
component 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

25  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



conponent is used as soon as it is detected, even before the "eye" pattern
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out put of Miux 29 is a 15 "don't care" condition duririg nd equal i zing
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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.



trai ni ng node occurs when the received PN signal conponent is available 20
during the field sync interval of each data frane. The deci sion-directed
nmode occur ¥OM63Rer tines during each data frame. The pred&iéeS93iltfe
field sync conponent initiates the stgrt of the PN sequence training node.
At such tinme the Field Sync Detect si ar]fal is conveyed to m croprocessor

s appropriate Control signals. During field sync

66, which in tﬂn. geneg%éﬁ
i nterval s when TH&P&BOPAEA ¥RC prieryals wif gacle data frame wheaadicerbhsedind t he

reference; ' ' i red [y 70,11 tr.ol signals
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30 via Mix 261, (tg) the reference PN signal to be conveyed to the signal
i nput of EPEPEd t9ithe vasthisient cantrod ynpyts of BEY 80 e 3DFPNSG ivipnBluxt 26, 1{b)
~coupl ed t ' 1. Vi 9,67946 PCT/ US 3. Duri ng
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deci si on- @By and ¢c) theuaitpatibf diver A0MRI BOcRMIEP BN biHer QAN L Augigwnal s
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 the f islicer 40 1.0 be conveyed .to.the signal input of DFF
30 via Mix 28% ft%)ad§ hsgatgu(fpﬁﬁ?&?)? agtiqr(g&ua aE‘BnlS’@Sil?ﬁBI 19vede Hdi ner
21 via Misighil coflitions deeand BbotrRmRcRibARiRLIRT ofiabhaaLlgp has been

e n-

achi eved, the signal conditions described above for Cl si ITected
operat®on prevail. 10 The operation of equalizer 50 described above is
sumari zed by %eo f ol I.ovviflg talbl e. Cﬁera iag Mux .26 to FFF, DFF Mux 28 to
DFF Mix 29 15 MBAEPELEYTR of Etalssmitofessribrdiabokpis swmmanized by thal state 0
O ------- fdlowiagkdblCMA Equal . Qutput ------- 20
Operating Mux 26 to FFF, DFF Mux 28 to DFF Mux 29
15 Mode Coefficient Control Signal input ' output
Initial state 0 0
Blind Eq. CMA Equal. Output -
20
Training training Error . ref. PN signal ref. PN

(field sync interval)

Decision Dir. slice 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.



Training training Error ref. PN signal ref. PN (field sync interval)
Decision Dir. slice Error slicer out. slicer out. 25 (non-field sync int.)
The di scl os®® %4%Hem i ncl udi ng adaptive equal i zer 50 advant 5@3&6%’?%2'43

exhi bits reduced cost and hardware corrpizexi ty. Equalizer 50 conprises real
rat her than conplex filters 20 and 30, ahd does not require the use of
rotator 30 or d&dé in the equalizer control |loop). A

Qt at or clirc'ts (qu., . [
rotator/derotator s - badd bzﬁlrl%ip opegptesias a Higeak ke filtgr) therebyishativigga dat a
synbol consklgualizenci®abiGOidR eRat e ncy. and phas

offsets in a recei ved % glnal . %9%%%4@%&&% %g%elléza%iof %Ya‘%bﬂ 6799

equal i zer BndbpedatvesernDEF B0 nparatks Rsfai litierr, feb Al RDF 1 tb Ye®eherhlBg

equal i zer ca gﬁhl&{éaggﬂ i nce. DFF 30 provides saonme equali zation even I'n the

bl'ind modé> Fenaihedesision-dinestad medakeléawing blend bef or e
oper at 5Ng eqgadli2atiOA- ThOS&t ] : iLsi_on-di rect.ed e follow ng
blind 5 equalization. Tﬁ‘Z“t%";%i#’Fg‘-‘Ft‘%‘S%fQ ingﬁ&% 3 "’é”cfee%‘ib%?klngﬁ%’ér f eedback

filter proddeess onecaoergengehichihiacilithos éﬁst@h%u%ﬁ%ﬁﬁ%?ﬁéﬁ“ﬂéﬂ%on’
parti cul ar.l yh in the presence of significant signal ghosts. 1n particular,
at this ti'felpEEesRcedfBipnhcant dznpl ghosys.din partwadirm el thid tiere DEFc3mcel

distant oasibiomOREHS of AhOAIHILOD, b dlscloaed sustom exhi bi s a

smoother transition froma |inear operating no MRORERFS-

deci sion-directed node after blind equalization, conpared to a

conven%i onal s st%ﬁ.usi nt%&FF_F and DFF equalization. This is because DFF 30
begi nsloper at i OR 391 AR tsrisclagad syrbemra exdribiss arranoathebbemspien Gondiat i oned

by operati [ i €, ny 15. of i.ts coefficients have
been adaptlig%aik%ptgﬁ%ug ?g)g{ei %ﬁgg?n f‘ﬁ“%%if d\ggllsﬁoens‘glreﬁﬁﬁe{f’?@ee? Sﬁgilggessenti ally

a har dwar eqantizaiaom, @iipayiedrto sackavehvional §ptes Y&nkiFERLRIDELT that takes
advant age of .avaj.l abl e data to _achieve -equalization for a high

| ) : 12
def i ni ti offIY3BZHBRR Beieds beemase BEFsybhegins operitinrein toe Bot-fhinkkF n2and DFF
30 operat gral HaQ%?KQ@r? &)ré-%l?dit%ﬂgd%y%l\}lje%ggggqg%h!& ?inear 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

25 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.



used to facilitate fast equalization. Data processing occurs continuously
on- line in_real time, and advantageously uses a direct con i romthe
out put . of ‘3’&?3167924& 50 to DFF 30 via Mux 28 to all ow DFF 3%%%?)6#32/(1}'1#,[ ate
coarse signal acquisition during the bind operating node. Thus deci sion
feedback 25 filter 30 is advantageously“used in a |inear node during blind
equal i zation, then responds to a PN signal in the training node, and to
the slicer output during the decisi cted node, as discussed. WO

99/ 67946 PCTI US99/12143 13 CLAIM5S 1. A systemfor processing a received
Vestigi al Sideband (VSB) nodil ated signal containing high definition video
i nformation represeAtsydtdiy for proéesifig aSteabivall iyt alsgi@glggﬁd@v??zybj ect to

exhibitin nwanted perturbations, conprising: a denmodul ator
r esponsi v&@ﬁ@%ﬂcﬁ@’é@eﬁ%@%h@d defnyiprsyigea linfororatimnockpresented by

d d t i : i | j 50) havi an input for
rgtr:rgi \Lﬁ ﬁggglﬁ%g%tgg%ggﬂ?)gts q@lﬂg%rgﬁi ggﬁﬁcgﬁoe%g&n%g% f aln ggual i zed

si gnal i spertadbatichs, comiptisia@pt i ve equal i zer including (a) an adaptive feed
forward filter (20 FFF) for equalizing said denodul ated signal, said FFF
exhi bi ting (1)2demedulatesilersispposiveite eatdexbckiveddVSPenadilated sigaafi rst 15

oper at | notadulls MmodHldad Al Rl s On Teedback fi1ter (30 DFF) for
S 00,50 e glatoe b TR AP AaCL 1
non- | 1headeredukited sifinad endchropetmattiasrwhichsai elpsadi@dcsignal is produced,
said adaptive equalizer including
(a) an adaptive feed forward filter (20 FFF) for equalizing said
demodulated signal, said FFF exhibiting
(1) linear, non-decision directed blind operation in a first
15 operating mode, and
(2) decision-directed operation in a subsequent second operating
mode; and
(b) an adaptive decision feedback filter (30 DFF) for equalizing said
demodulated signal, said DFF exhibiting
20 (1) linear, non-decision directed blind operation in a first
operating mode, and
(2) non-linear decision-directed operation in said second

operating mode.

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 carrier derotation.

3. A system according to claim 1, wherein
30 said signal input of said DFF is directly connected (DIRECT
CONNECTION)to said equalized signal at said equalizer output during said

blind operation in said first mode.



operating node. 25 2. A systemaccording to claim1l, wherein said _
dgm)dul a'?or i ncl udes a carrier recovery network; and said FFF/andlslz‘atgd DFF
do not perf¥MPEaMbi er derotation. 3. A system according t PV
wherein 30 said signal input of said DF 41 S di ref:_tly connec% e(cji (DI RECT |
CONNECT]I to said equalized signal at said equalizer outpu uring sai
blind opgr\l)ati on in said first node. WO 99/67946 PCT/US99/12143 14 4. A
system according to claim3, wherein said signal input of said DFF receives

a slicer (40) odltputAsyonah adlirhiy Qb deGhalg; directed operation in

said second node. 5 5. A systemaccording to claim1l, wherein said feed
forward filter wd signal iput of sxideERracdivés hisHeer0@®) 3Lty signafyRARL T ate,
on-Iineinr.:%\f tinme.,.10 6. A system according to claiml, erein s_ld '
si gnal havslar‘lng ogditertedonesatian n sprd secpnd anede.  ut ed by a succession of
data frsanes conprising a field sync conponent prefacing a plurality of
data segments having an associ ated segnent sync conmponent. 15 7. A system
according to cl@aim %smmhmokﬂir%aﬁocblbilmﬂdédmﬁems?l dt Si ag@;lingl elqnglu;[ Zg: sai d
DFF is directly connecfed t said equalized signal at s

out put, and coéaf‘gg?eéﬁéorﬁ’éﬁgﬁé‘eriwf’éd&‘m%ﬁi feedbrclafilteDeperatepand to a

bl i nd adapj rq 4 - and in said decision node said DFF signal
in RyinPb] 380 dnlt-ﬁHb Q%%me

i nput responds to a slicer O output signal (ERROR), and coefficient

control inputs of said FFF and DFF respond to an error signal representing
the difference petween said slicer output signal and said eqt_JaI i zer out put
signal’® 8. A sﬁs)t em‘XEXTRH AeFoTding) taighaim lwiwbieséin 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.

15 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 (CMAZ25); and
in said decision mode said DFF signal input responds to a slicer (40)
20 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.

8. A system according to claim 7, wherein
25 said DFF responds to a training signal (PN) during field sync intervals
and responds to said slicer output signal during non-field sync intervals;
during non-field sync intervals of a data frame, coefficient control
inputs of said FFF and DFF respond to a slice error signal representing the
difference between a slicer output signal and said equalizer output signal; and
30 during field sync intervals of a data frame, coefficient control inputs of

said FFF and DFF respond to a training error signal representing the



25 said DFF responds to a training signal (PN) during field sync intervals
and responds to said slicer output signal during non-field l)ync i nterval s;
during non-WOPE¥Ync intervals of a data frame, coefficient" @RV 3 nput s
of said FFF and DFF respond to a slice rror signal representing the

di fference between a slicer output sig and said equalizer output signal;
and 30 d r ng field sync intervals of a data frane, coefficient control

i nputs ofdiffergnrethatwean @P’Flmélgmlt@@qneat of a@ldeerquahzer gugputrdpnakent i ng

t he WO Q%Fgfgg}glfeggée %JSA}%? 115 di fference between a training signal

conponent equal ze ut signal and a reference training signal.
5 9. A system accordl ng to claim8, wherein said training signal is a PN
sequence. 10. A systemaccording to claim®6, wherein said feed forward
filter and said decision feedback filter operate at a 10 synbol rate,
on-lige in reeg ti ste for 8’ ocessing a received Vestigial

Si deband (VSB) ?Fﬁyﬂ &g g?‘:@ﬁgﬂl gctt? 2 Bn & HRTYIR definition vi deo

i nformation repi®seihatk gg-napls\gspbpgaﬁ_{egcgatl on of synbols and subject to
exhi biti ng unwanted 15 perturbations, said systemincluding a channel

equal i zer conprising a feedforward fil ter (FFF) and a deci si on-feedback

filter (DFF) f rodu al i zed output signal, a signal processing
met hod conpri si é‘f’ §°c8fd‘ gtt‘?tf&%‘l‘%@rw exeing VSB nodul ated signal to

produce a dem@;ﬁpg&ldfr@hg@ﬁhb 2 o ated si nal to said
equalizer; linearly a((j)aptl ng s?gl %dlcz%ga uh@g)f% gPI nd &E 0368 t"‘ﬁ ng node;

| i neadly Samdpﬂlrage sai-in®Ekrealrtimg. sai d bl i nd operating m)de non-1linearly
adapting said FFF in a subsequent decision-directed operating node; and 25
non-linearly adapting said DFF in a subsequent decision-directed

11.  In a system for processing a received Vestigial Sideband (VSB)
modulated signal containing high definition video information represented by
a VSB constellation of symbols and subject to exhibiting unwanted
15  perturbations, said system including a channel equalizer comprising a
feedforward filter (FFF) and a decision-feedback filter (DFF) for prodﬁcing an
equalized output signal, a signal processing method comprising the steps of:
demodulating said VSB modulated signal to produce a demodulated
signal;
20 conveying said demodulated signal to said equalizer;
linearly adapting said FFF during a blind first operating mode;
linearly adapting said DFF during said blind operating mode;
non-linearly adapting said FFF in a subsequent decision-directed
operating mode; and
25 | non-linearly adapting said DFF in a 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
30 directly connecting said equalized output signal to a signal input of said
DFF during said blind operating mode to permit coarse equalization by said
DFF during said blind mode.



operating node. 12. A nmethod according to claim11l, wherein said step of
linearly adapting said DFF during said blind operating node includes the
step of 30 worsestdsy connecting said equalized output signal RAI/EBIYILYARI

i nput of said DFF during said blind operating node to permt coarse
equal i zation by said DFF during said Bbind node. WD 99/ 67946

PCT/ US99/ 12143 16 13. A nethod according to claim 11, wherein said signal
having a data frane fornat constituted by a succession of data franes

conprising a Leld,syng c onent prefacing a plurality of data segnents
having an 5 asi%‘ci afs‘e%'egb"dﬁ%%f)r BdO& Aéntvhenein saidraigned havowr di ng to

claim 13, gg nsd : L ing a slicer output
signal in rge)‘gg%nsefbfqgiéstgcioglgggﬁtgpi@’te%%ﬁ%%ﬂp n%?{&%[t}%ﬁaxﬁﬁs %OJBBTIFH@ Zaid

slicer oufipld syiogremhparerd meefieatg b phutalith Faiada BEEmeAtSRAFNg an

deci si n-directeg node; ,and coupling an error signal representing the

di f f erenc@SIPStated fegmegt SKRe ePmPeReRfut si gnal and said equal i zer out put
signal to coefficient control inputs of said FFF and DFF during said
decision-directed node. 15 15. In a systemfor processing a received
Vestigial Sideband AvBBjhodmdutdingdoelgaal 3 camsiBinpahdimpdeldkad don vi deo
data represented by a VSB. constell ation of synbols and subject to

exhi biting unwBSREGREr? BRERAIUSRYEL sighal in gesnenkadp sgideqislizef oatput or mat
(FIG 2) cggﬁtai.t uted by a succession of 20 data frames conprising a field

sync conponent’ prefacing a plurality of data segnents having an associ at ed

segment sync canpingrdaidsdicer syt msighdlaboudiipgabidREUrREWRDEH i {40 (20)
(FFF) and a_d_ecicgi on-feedback filter (30)(DFF) constituting a channel
equal i zerd?‘B?})’nf Fessedarpdengndn equal i zed output signal, a signal

processing met &Qﬂ)lﬁ)% 'e?xlol}%lé‘lpaq r%tpreé)ssen?ifrfg the difference between said slicer

output signal and said equalizer output signal to coefficient control inputs of
said FFF and DFF during said decision-directed mode.
15
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
20  data 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:
25 demodulating said VSB modulated signal to produce a demodulated
signal;
applying said demodulated signal to said channel equalizer constituted
by said FFF and said DFF;
(a)  during a blind, non-decision directed equalizing interval,
30 (1)  applying said equalizer output signal to a signal
input of said DFF;

(2)  adapting said FFF in a linear manner;



25 denodul ating. said VSB nodul ated signal to produce a denodul ated signal;
appl yi ng sai d denodul ated signal to said channel equalizer constituted by
sai d FFF arWOS%™4OFF;, (a) during a blind,. non-decision di PEXUSI12143
equalizing interval, 30 (1) applying,said equalizer output signal to a
signal input of said DFF; (2) adapti ﬁz said FFF in a linear manner; WO

99/ 67946 PCTI US99/12143 17 (3) adapting said DFF in a |inear manner; (b)
during a subsequent3)tr atdapting gaid DEFrig 4 hineavmandherj ng field sync
conponent intgpval (1), apgplyin trai ning.signal to said signal input of
said 5 DFF; ?Q) a%%ﬁ%gﬁgsﬁﬁeéuﬁg—ﬁzggh@%aﬁqd‘%# gH‘tPE‘éﬁJdﬁ’s’éng beld training
error sigyred corepsresiftiihtéigald)e difference between a reference training
signal and a training signal conponent of said equalizer output signal; 10
(c) during a deci silon- dap@yingia érpining signal tu saidatighall inpwt B@ssid d  trai ni ng
i nteryal and ﬁgﬁpri sing non-field sync conponent intervals, (1) applying a
synbol slicer tput signal to said signal input of said DFF, and (2)
adapting said FFF @yd sad bi . . i r.ror signal
representing the d(i@?f erﬁ%gﬁg{?%eﬂpg@gsn%ééggf%z?ssdgh)t%gtﬁ i gnal and said
equal i zer out praininggradr signal representing the difference between a

reference training signal and a training signal component of said
equalizer output signal;
10 (c) during a decision-directed equalizing interval following said
training interval and comprising non-field sync component intervals,
(1)  applying a symbol slicer output signal to said signal
input of said DFF; and
(2)  adapting said FFF and said DFF in response to a
15 slice error signal representing the difference between a symbol

slicer output signal and said equalizer output signal.



