Burst Update For An Adaptlve Equallzer -~ Technigal Field

The present invention relates to conmuni cati ons and, nore partlcularly

to equalizers, such as may be enployéd in_signal- modul at i on- based

conmuni cation - 5 systens. . Backgﬂdund of the Invention

Adaptive equalizers,. such as fractionally-spaced | i near. equal i zers -

(FSLEs) . or synbol - spaced IBnmrUpda;ei‘orﬂmAuapﬁv@E(lM) may be enpl oyed
to perform equalization of passband discrete signals, for exanple.
FSLEs are 10 described, for exanple, in Digital Comunication, by Lee and.
Messer schni t Technical Figldhi | abl e from K uwer Acadeni c Publishers, 1994. Such
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based systemyddige such application may include use I n an asynchronous 15
transfer eysl ocal area network (ATM LAN) or in "fiber-to-the-curb"
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coeffi ci ent% ann Iehe adaptive equalizer. A need therefore exists 30 for

reduci ng the coﬁput ational intensity of the process of updating the filter
t ap coef fi ci ent OnoffeatureanfaptFSLE foy aajuadmture amplitdermedulativn

Lg\égtnut i/gnequal alternauvely, 2 CAﬁ:bs es: l s&steéf W?ﬁh\% ﬁl&%en?%#g&gtﬁapan
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filter tap BWtYPiCalbnbeemplpyed for other types of equalizers. Instead, the FSLE filter tap
coefficients may be initialized to one out of L possible initial phases, where L is a
positive integer greater than one. The FSLE value of L may be obtained as a ratio of
' the symbol period (T) to the sampling period (T*) for the particular FSLE, where T is
25 amultiple of T".
Adaptive equalizers, such as FSLEs or SSLEs, employ significant
computational complexity and intensity to recover symbbls at the receivingend of a
communications system. . A source of this computational complexity is related to
updating the filter tap coefficients of the adaptive equalizer. A need therefore exists
30 for reducing the computational intensity of the process of updating the filter tap
coefficients of an adaptive equalizer.
Summary of the Invention
Briefly, in accordance with one embodiment, an adapnve equalizer
comprises: a digital filter including filter tap coefficients; a slicer; and a filter tap
35 coefficient update block. The filter, slicer and coefficient update block are




accordahce wi th another embodinent, a nmethod of updating the filter tap

coefficients of an adaptive equal | zer conprises . the step of
perform ng at | east one burst update of 2. t he fllter tap coeff|C|ents

S Brief Description of the Drawings . = . "FIG 1is a schematlc'
diagramillustrating one enbodi nent of an “adaptive equal i zer.
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may i ncorporate, r and a receiver for such a
comuni cat i -streamto be transmitted is provided to
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for exanple, the bit-s eam megabi t per .second (I\/bps)

bit-stream h#ﬁ%aﬂmmqfeammns mch@(ypq, orexamplg, passhand equalization of gnal s,
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The , 25 sicomatunicatiohs chemnél 940, swihsaspmayceomprise)twistedpdiecapper s ocwncoder
modul ati on BUALcble. or gpfiE oeR. BFRhupley ¥ trlyiudt il Secller 008 | o1,
f requency neemimanication systernandyi ¢agh ibe incorporated in an mtegrated circuit (IC) chip.
Likewise, a single IC may incorporate both a transmitter and a receiver for such a
communication system. A bit-stream to be transmitted is provided to scrambler 910
30 at.the transmitting end. In this particular embodiment, for example, the bit-stream
comprises a 51.84 megabit per second (Mbps) bit-stream. The bit-stream may
comprise, for example, video signals, audio signals, or data signals that have been
segmented and reassembled as a bit-stream for transmission via communications

channel 940.
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10 thereof. For exanple, a QAM or CAP-based nodul ation scheme nay be
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just ‘described, at least for an extended tine. For exam‘jl'e, t he synbol -
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35 Likewise, for a SSLE, M should be one.
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due to thegigna "BUD," as explained in more detail hereinafter. As illustrated in FIG. 1, in
situations in which MUX 500 provides error signal e(n), based at least in part oh
signal BUD, this error signal may be provided to filter tap coefficient update biock
35 300. Thus, the error signal may be provided to multipliers, such as multipliers 320,
360 and 365, as illustrated in FIG. 1. Likewise, the error signal may be multiplied
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to a high s e'1s to rocessrng grtion pdate bl ock
300. More particul ar#‘\y‘iln'@mlgcﬁl&é ) mmpﬁ%ffiﬂ*@“‘%ﬁ@ﬁfﬂ\g Vigra

signal s prowrdsd sk, mm&%oasﬁoai&sm% ﬁﬁnkﬂ%uamegismbanks of
MJXes 405 an 5(.’)0 The advani'l e of %@_r nl?equﬁqi dat e

bl ock 25 BGéot‘bsQJﬁﬂ‘éﬁgo-t‘MB‘c |S%FP¢35?}1S iy &qyﬁﬁ i cant
P?rpwle.(ra n; ﬁtzje gﬂiscféié’ filtes400. - In this enﬂf&dnﬁ&xit,“ﬁiﬂs of ‘géau\;'i‘églﬁéismw Fﬁa d'bbéﬁsel oast
in part, ﬁu‘ig‘%éhq‘:s%%% iﬁﬁ MPWFP@"B “6@%8 tion for

CIL VDSk devi C emﬁﬁﬁm—s by tlaedés bf4. Iﬂrmﬂﬁsocﬁmeng e&umunipngg teuch as #m aﬁ%o

i kewi se, con al s e.e e rform

bur st updat égéégg't @98? °5ie§3 éFﬂeer SE %hat the nean
squar ed errwlatxonshlp’rbthbmﬂxemy apdﬂletsnnipm/&bquﬂmy eThis; sreegohvner

SR Loty 0 pedfot fefyer, &%ﬁrr'a‘%resr%eé s =mP§315d 4t ALY Ak B Bootfepf 09" A

t he enbodi nimpleniehtesitb;atheatormspékﬁng:lmulﬁpha tIn@ SSLE implementation,cosifigleci ent
update bl oc keé.is?erdr\r&?lgl t?&caﬁ)p Hipﬁ&E et P BHICHeRhise 2AEH hﬁﬂlpiﬁr Wold hplement
a single filter tap in operation. As illustrated in FIG. 1, the operation of MUXes 610,
620 and 630 are controlled by digital control signal "START," designated "S" in
35 FIG. 1, as explained in more detail hereinafter. As illustrated in FIG. 1, the updated
filter tap coefficients are likewise fed back to an adder, such as adders 340, 380 and
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35 consecutive syr'rbc').l peri.od ‘updat es take pl ace every H synbol periods,

Where L is smal ler than Hand L and H are positi-ve integers. As.-
illustrated in FIG 2. during the. 7.

- 8 - L symbol periods in which the filter tap coefficients are
updat ed, the START control - signal is set high. Likew se, the BUD
control si gri@lS smtln@thempaa@drﬁlngtapmosfqmnmay. if desiredobgcantinualiy upsated
control si g3 [

o or o't hoY it ﬁ“%‘*ﬁ*ﬂ%‘i@f%@f’! R BeeLe2 uPAAE bfock 30D and the

qéﬁes state fromlow to high
and the 5 mmgafyhamﬂérmwdowdam t}ré@m cientemayeRlaca the START

control si g'fj?évdou up a?éi?ﬁ]&@iaﬁ&@éfﬁcxéﬁt@%?écﬁﬂhtﬁ@?ég&& Haflks, sﬁ@hbﬂiegﬁiérat ed in

FI G 2. It i's desirable tha these respectiye rd

f
times" fo? trekstd 4o8mn ﬁsaguféamlwevﬁm?mddmawafm%% upded | ne
i sorete Lﬁ[ﬁl&*‘&mﬁ“‘*“‘i?“%x‘gﬁgﬁ‘é“” R MU s MUXes S102
time 10 péaaaaiﬁgﬁa@%‘g%hwttmea%?aw%@mﬂgi‘ﬁ&?g may be set high,
which-will activate Forthe ehivRdia&it ilhestated mMat B déQ)fMHKeslndﬁ,t ed
fAlnl ag\r/a;?gggfiﬁ’;g kgﬁ ﬁé%@ﬁ&ﬁéﬁgﬁgﬁ s Pﬁc‘i"!dftp% reduce
or suppr E®Ss ci Fﬁbﬂﬁqyfobﬂie adapﬁve‘a;mnmxmhsﬁ}a)ed 1hm6ve|to perfornea budseupdaiy ant age
of an 15 ?rg.geoadofe e@%@#iﬂf confgg as to lggﬂ{fﬁlé#nda bur up(cjiate of
the filter se o]
su Spr ess cyadapivetequalizey reaches ammwmbledﬂgd asmfwdxcaed byFIGMBJthe SE‘I'ARTI negr
end cross t S..I. . ol nterfe ma e
oxn b1 Cod | Bttt el e ik b %WP&%&“’ {°af°%}3§‘g‘§h§g’ﬁ“ﬁ§%§% Y
enpl oyi ng aapprbpngtmﬂmblmc&lqnsed,aﬂleameontrolslgnalmybesmhmmmm of an
ada t|ve Feml
as ![Do persff o%&m%é% él’rgﬁ%{a?é ﬁrtﬂe@nﬁo%mé}eﬂfﬁl an ex ende dk*ééfre&Sf%gﬂﬁ
initial concentopd &embgh@oemm@rlsmﬁwwammmsawupdate

illustrat ed d@{aﬁgﬁﬂt mﬂ e @t es so as
to perfor m at%urgf%pgﬁnm%r wever ter nat Ively, ZI fns zg?t ive
equal i zers eenjingingtoindaiethe Siter tapicoefficiontsdisingthe siga Sﬁoweébvmd#a

synbol updappcrBobafe Eoﬁt@ﬁts%i’ré‘gﬁtéf%ﬂs 4107450) SnPHSD Ar8'fed back il BB Oper at es

27 git 5398 teninchie deaiest ke VWIS G10h1520 A thsoapebiyels, bilapdseo ey nc
GaptTve ochald PEORAR cunt pEROP Saiop s ol sk s bl ), o
Soags to petfErFfCSIng 83&0@@6@330%0’)% B\q é’agfc"‘jﬂiy ?ﬂ‘f &g&e ’
coef fi ci entsigiuls andthe)envg signak ted wl loék 300 arelteerbed™ dite tbake o eratlon
CouT 111 ot UGS s e B e g g b B
An adap@bv eBmImaipdxmrthe filterwapicdefficients is that bignifivantyower sacinghimayg résuit.
Fol Towi ng Jeon gt % 4}”%@8% e ReEke) ok ENIOS SRS, afbl oy e
performed asavingastre feglized, at least mpm:lwswaelamgmﬁmtpﬂmopquthﬂmﬂet e input
signal s mayeighph6h ¥srCMBE devides Bcurs by causing the CMOS devices to change
state. Likewise, control signals BUD and START may be employed to perform
30 burst updates of the filter tap coefficients periodically so that the mean squared error
may be kept at an appropriate level while these power savings are realized.
FIGs. 2A and 2B are timing diagrams illustrating the relationship of the
BUD and START control signals for the embodiment illustrated in FIG. 1. Once the
filter tap coefficient update block is disabled, control signals are applied so that L
35 consecutive symbol period updates take place every H symbol periods, where L is
smaller than H and L and H are positive integers. As illustrated in FIG. 2, during the-
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-9 - “filter. 400, and then processed to produce a discrete or digital

fllter out put signal. The ~ out put “signal-way be provided to a slicer,
such as a slicer 200, and the slicer may.g. ~ produce an error signal as’
an out put signal. That error S|gnal may be provided to a - filter tap -

coefficient update block, such as filter tap coefficient bl oc 00. For the

5 embodi menk symbokperindsdn which the filter tagicoeffisieptseare updated. the STARTgonte) b

provi ded Vi asignal is set H$A L&Hﬁ'fkeaﬁne'ﬁ%%gﬂtmﬂgi@aﬁsrs@f low a.mdgum/ driten  be
enpl oyed to u dateté l'ter tP ? |entf % as i.n accordance
with the fol BOWEYES nggntrol signal continually remams set low egmnm 311 Wen 1) +

[err] e(n) Xgrior to the time in which the START si il(bhaﬂﬁb%rs&té/\frah ldﬁﬂ@tfﬂgh aad/thet or  of
filter tag c nts,, n de otesa.nar |trar ndex, .[err]
denot es tEe g@hﬁ Wé‘l’? ungg g @eﬁﬁmg Is’gnéhd X(n)
]gielnot est a ve@ﬁaﬁgescritaté iffoih Bigh baalm low, QBﬂh&trafEHliﬁ FI@ Mﬂhaieswﬂettﬁt efe t he
ilter tap

i cients rf r an extended
time. Event Jspgth, 0?4{'@35?%“”3 gY'a@e ‘&Eﬁﬁ foF @g&@é afqpé:[igqelegggl 0Lfich as
lsl i cler 200b greater ﬁﬁﬁhh%lﬁnﬁ%@ﬁfeﬁffbﬁthbagddt:rscﬁxcﬂfis 340:8803:@(!385&0&1@1*/0& tThl S
evel ma r i ne re.ety o C S iting a
subst ant |>/al I'ﬁf’&i@r YABIE 8‘%‘@? 1"2&5%?‘“?4%&’ Q@?Hﬁg 3‘1“%&?6 %ﬁeg&gg‘%"am e
subst ant il@l | periodduis etapsed; ¢he START doatrel sigmal meayrbecsethigh, whichrwilletivateg t hi s

oECeDLD) . ool e B 540 5o BASB R  EBHe20 ©

descri bed f do filtee4@Xbodi ment 20 i I Iustrat ed in FIG 1, the synbol updat e

[ sddgggbl fed by pro?/l %{}gi @%égt tsl&hz Fme%gé e, 620, )
an or exanpl e 0 ese contro 0 "zero
t he di scr et @rsupprassingarsymboldnterference 5D é{pvmsr.fybcmhemgumtagm

300 as i ppu Snad aﬁp‘ﬁg. ﬁfgéilf ol I to bl ock
300 as e??oradﬁb ® na Mﬁgﬁf@g\nggeaﬁ easé[aﬁ‘g%e 8?5‘?% ate y | at er be
per f or med, sgefﬁcwm@gtsgsha@emmay Bsed:Q SUPPIRSSAYC swgoeafmrm

si gnal s STARtefBfnEL3ulh 8§ ad rp?es%ht”iﬁ%e d 6 tRERNESED). Pis gt rated
in FIG 2. Lik eevm ge gurst cil‘gtes thg?‘nllter tap efficients may
be per f or me dUSEFIEBER-dar fmnie,énsm%em tqs'elaﬁogaﬁs&peawsmw- Yslems | of
an accept ablo?ahﬁbﬁiersystememplo ing a multip anrbundledcable -10

for Gl]é:jg/fq ng filter Taﬁe%eﬁeg?gﬁ' X eguaH ten Bét‘r']a%‘t’d i FIG. rlcl’astér 3: S: '?gl data
signal filt espdbiiftytdioperatdiso s tbtpeffohﬁﬁ symbbf umiae asleast for an extendedaima¢ i cer ;
and so that unI.laf co%rvext'gae ce of IBI: miean ntt.taré)cFI grtrgr rgla]? ta%cé place, as illustrated in
FIG. 4B, before the adaptxve equalizer operates so as to perform a burst update.
However, alternatively, two adaptive equalizers may be employed, one which
' 25 operates so as to perform a symbol update at least for an extended time and another
which operates so as to perform burst updates. Likewise, instead of providing
control signals so that the discrete input signals and the error signals provided to the
filter coefficient update block are "zeroed," alternatively, an adaptive equalizer in
accordance with the invention may be configured so as to perform at least one burst
30 update of the filter tap coefficients by employing a separate clock for the filter tap
coefficient update block and zeroing the clock, for example. Likewise, other power
saving approaches of performing a burst update.
An adaptive equalizer in accordance with the invention, such as the
embodiment illustrated in FIG. 1, may be operated in accordance with the following
35 method. A symbol update of the filter tap coefficients may be performed at least for
an extended time. For example, discrete input signals may be received, such as by



said filter, said: sti cer - and sai d fi I ter tap coefficient update bl ock be| ng
configured so as to performat |east one burst update of said filter tap
coefficients during synmbol periods, vvhergl n update of the filter tap
coefficients is disabled when the at |easSf one burst update is not =
occurring. - .- 2. The adaptive equalizer of claimil,

wher ei n sai dilt ¢00,aindthempriocéssed tor produqera discrete ottidigitad filtes output signadcThe from

(FoLD) "ol gi OhpiE e B3 B8 bRt 'a e, iyl ol S0 66 the BERL R T 2P

filter. produce an errog sighalasanautput sigoalk. él‘hazg:rrobsxgnalgmaﬁ b_e prov1ded to a
wherein sai bt ta?%oefﬁ:kén?‘ﬁfwdat@ﬂﬂ:c?oﬁicﬁ'agp Seﬁt B@%k%bﬁ gBPiHequr ed in
a configuration one burst update

of said f¥I tembodmpcn;@léuatmdemﬂG 1, forexample, the momgnddaﬁtbwmmélmer of

g: gl:[(n are fMer conflgured so as t s?%ml@z}' %@@9 ate o?‘mga d

filter tap éangoeffigients.sueh as inaccordgreeswith Hewmg matwn 5. The
adaptive equalizer of claim4, wherein the extended tine

conprises a substantially pr erm ned tine. 6. A
cormmuni cati on system conpr i@céﬁé) (n-ls + Lg(@k&Mer including ardll

adapt ive equalizer t hat uses non-training data for
RE R IRV AL TR TR M
slicer, andmdex, it denotes mefadhptkm stejpsige @(d) denowrs mmadr%x%tanc&nd X@hd filter,
said slicer Saldfl ta ef fici t upd h configured
so as to pefl? a%ft g‘tﬁ“‘gf gﬂﬂﬁ‘a é’g’ttb&l &’ﬁgﬁt% ici ents
during synbabefﬁexenmmay beparformed jatileast fofanénexidedttrme tEwentmﬂny the errdrs i s
di sabl ed whghn §ififodticeli B§the Siker, WL bs HRAF260, 'nBay 1A S iicebdBle level of
15 mean squared error. This level may be determined by a variety of techniques, such
as waiting a substantially predetermined period of time, or waiting for an acceptable
substantiaily predetermined error level to be reached. After reaching this acceptable
level of mean squared error, for example, the symbol update of the filter tap
coefficients is no longer performed. As previously described for the embodiment
20 illustrated in FIG. 1, the symbol update is disabled by providing control signals to
MUXes 405, 500, 610, 620, and 630, for example. The effect of these control
signals is to "zero” the discrete signals provided to filter tap coefficient update block
300 as input signals and to "zero" the discrete signals provided to block 300 as error
' signals. Likewise, at least one burst update may later be performed, as previously
25 described, such as by providing control signals START and BUD where guard times
are employed, as illustrated in FIG. 2. Likewise, burst updates of the filter tap
coefficients may be performed periodically to ensure the mean squared error remains
at an acceptable level.




7. The communi cation systemof claim®6, wherein sai d . S
conmuni cati on system conpri Ses a conmuni cation System enpl oying a CAP-based

si gnal nodul ati on schene. : - 8., _The communication systemof claim
6, wher ein said conmuni cati on lQy_‘st em conpri'ses a conmmuni cati-on
system enpl oyi ng a QAM based si gnal nodul ation schene.. - = 9. The
comuni cati on system Qlaimsai m 6, : wherein said communi cati ons
channel conprises a go ' ' . nnels. ted fromthe group

consi sting essenti al ﬁy%’ﬁﬁﬁ‘i‘%%‘ﬁ‘%g} e.gndgéﬁﬁpgg{pngmgo_ axial cable, and
optical fibers. a digital sigra) filtehée.g 0400) inciading filtestaptceefficientd; ai m 6,

wherein said filter, ke aﬁsbc ficient update bl ock are further
configured so as to p%%‘?c%'rﬁﬁ‘%i’s r?bo update of said filter tap coefficients

at |east fdbr an ext enalfilentapreceflicient update blocki(e.g.,/800)nt egrated circuit,

conpri si ng: : ti lck Z€ ). eqgr L hcui t that
uses non-training _datszamcfﬂ;'rtaﬂg%atl‘ibg)q%?#t(%é"? g@%‘%@%%ﬁt@?&gﬁb 1Ry

a digital fiP9@rbeing configured sg asitp pesformyatdeast one burst update of said filter tap

-12 - - coefficiefitsf i | ter tap coefficient update block, said filter, said
slicer, and said filter tap coefficient update bl ock being configured so as
to performat |east one burst update of said filter tap coefficients during
synbol periods, wherzi The afiptie Sduali ig t daicients is disabled
when the at | east one bur;{%%gﬂgéﬁﬂl?g(ﬁgt' lgg’cgr idrfg.ﬁmn_ﬁ . 12. The
integratdd circuit ofWhereinspigdigital signal filter (e.gy 40Q) epmprises midigital filtet i cer

ancralTb c;)ef f ijCit seldctedDfioinethe Rl o@ﬁﬁsﬁngéfsbﬁfﬁaqyia?hm;ﬂclﬁenag-ﬁpﬁcé&uﬁz o
fiym: upda eequinzesrad?gLB dxtg?tral ﬁﬁ& (8.2.6, )Czlme a ss l-sggged IEn%rar gz?ua?iéere nae
' (SSLE) digital filter. :

3. The adaptive equalizer (e.g., 100, 950) of clam 1,
15 wherein said filter (e.g., 400), slicer (e.g., 200) and coefficient update
block (e.g., 300) are further configured so as to perform a symbol update of said filter
tap coefficients at least for an extended time.

4. A communication system (e.g., 3000) comprising:

a receiver including an adaptive equalizer (e.g., 950, 100);
20 said adaptive equalizer (e.g., 950, 100) including:

a digital signal filter (e.g., 400) including filter tap coefficients; a slicer

' (e.g., 200); and a filter tap coefficient update block (e.g., 300);
said filter (e.g., 400), slicer (e.g., 200), and coefficient update block
(e.g., 300) being configured so as to perform at least one burst update of said filter

25 tap coefficients.

S. The communications system (e.g., 3000) of claim 4,
wherein said filter (e.g., 400), sticer (e.g., 200), and coefficient update
block (e.g, 300) are further configured so as to perform a symbol update of said filter
tap coefficients at least for an extended time.
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13. ‘The integrated circuit of claim11, : ~ wherein the extended
‘time conprises a substantially predetermnedtlrre - 140 A

nmet hod for updating filter coefficients fl an adaptive equali zer that .uses
not-training data for updating filter tag coefficients, conpri si ng t he step
of : performng at | east one burst update of said filter ta

coefficients during sandsaptiyeequatizer (e/gerl00,/956) decludiog atdigital filterte.g.a#00),

cocurring. asicdt @2 206 48] clBFiaBloobiins AEaPHIpE V3065 S 100

conprising, prior to saidfiltarépgen0Rslicer(e.gg200), rad coefGeientupdste bipelat e, t he
t f t
(S:o:l‘of ?ci ent s( éﬁ"?egst ﬁ‘;gz)r &ggﬁg%?dﬁg I&S%néﬁﬁtgt&ﬁda%&éflﬁ trirlrg?rhod of

claim 15, 5 tapcoefficienfer ei n the step of perform ng a synbol update is
performed until an acceptable mean squared error signal level is produced
by said slicer. 17. The nmethod of clai'm 16, wher ei n

the step of perfor nmithgThe integrsed cisenit of laimyGr f or ned for a
-13 - - substantiall wmaﬂ@harﬂlkaeei 1 40, slicer (e.g., 200), ancil&efﬂélentrﬁiidhﬁd of

cl ai m 14, ere burst pdtes of |df|| ef, Il ents
are per f or nelloglefs- %d?é@ erconﬁgmecflgoaﬂs&ogp PER &SY BEFES? Mﬁ&e%el ng
one of the pl@plcﬁéﬁﬁ@idnks’amﬁsiﬁféxéuﬂédumadat es.

10 8. A method of updating the filter tap coefficients of an adaptive
equalizer (e.g., 100, 950) comprising the step of:
performing at least one burst update of said filter tap coefficients.

9, The method of claim 8,
and further comprising, prior to the step of performing at least one burst
15 update, the step of:
performing a symbol update of said filter tap coefficients at least for an
extended time.

10. The method of claim 9,
wherein the step of performing a symbol update is performed until an
20 acceptable mean squared error signal level is produced by said slicer (e.g., 200).
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