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ADAPTI VE RECEPTI ON TECHNI QUES FOR OVER- SAMPLED
RECEI VERS 5 FI ELD OF | NVENTI ON [ 001] The invention
pertains in general to data reception over digital
transm ssion links, and in particular to digital

AR B R R T N R CINID U ES FOR
b gh-speed dbVReANPT B RECEIVERS
i ncreasingly inportant technology. An increasing

nunber of anal og communi cation links are replaced with
hi gh-speed serial links offering reliability, link

SR L
TP s APPSR I SRR BB i Bl Fansmission

IBikksadnd inestiRASeE Egitd redevidry that Bffobist sdHAapive operation in
Digital Visual Interface (DVI) and H gh Definition

Nbe¢ presense 1 deteuninigie and mpMdetermitastizgijteegat e data rate

for such links is generally in the G gabits/second

range. For exanple, the DVI |ink baud rate approaches
i g i [ ffering products

3§ '%3%?Fm@bRPﬁ?fﬁB@iﬁ@ﬁ§3$ﬁ053f mar gi ns. [ 004]

her. la.l.5,a_ ser] dvanc echnol agy . .

AL PhaE SRR i Mol Bl ARBRRT W] “uffbhsiggy importan

destindlryl NS GigdeHsBig Birsted 58 andibl So@BRlni@8ibh Ok kfeOreplaced with

requires data rates of about 2 G gabits/second and

dpghrepeeogpsial dinks| offerigr rediahiiy.ebnlarauahityg(e-gplosd Bibdistor Rate

é?%% £k ( [ [ on 25 such as G gabit

e?ﬁi&é@h&f@s& T%%B%%\‘g%{t YESWET | as ener gi ng

00X} Fabidxambpld)emidatrn( L6XBARE- diyplaysandar Hssh-De@fliod Neelevision

l'i nks underlying these and simlar exanples have many
displays ofigp reeployr high-speed iseréal Hinks -hppecba@n industry” standards

BES ! B L I SR BT e, o

non-"determ ni a

apiDMLY The hgdregat datuiacd aRtsuah 1idlks fsr gauRMEYinahé Sﬁ%abits/second
and/ or frequency nodul ation (FM, good effective BER,
dAnghi IFor yexampleg soe AV Wipk thagdepte spweachey 31 Gigpbaud, with many

WAL pr R s tilh ol AR bt B
be0diwiAgibther baghiplp has Seritd Qldvahdel Oechdol 8RHA BeeHindt A& KA thterface

range, tq nane a few. [007] One popul ar_inplenentation
dor gonrecHng storagsr deyiges in deimphites syetemseris applisatips also requires

data rates of about 2 Gigabits/second and above.

[005] Still other examples are high-speed Local Area Network (LAN) applications
such as Gigabit Ethernet (such as 1000Base-T) as well as emerging 10-Gigabit
Ethernet (10GBASE-T) standards.

[006] The links underlying these and similar examples have many common
requirements. They require high-speed operation, an ability to tolerate substantial
deterministic and/or non-deterministic data jitter, an ability to tolerate substantial
frequency offset and/or frequency modulation (FM), good effective BER, an ability to
operate with small horizontal eye openings (for example a 0.4 unit interval (UI) eye

width specification is not uncommon), high tracking bandwidth, fast phase acquisition
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based on receiver data over-sanpling conbined with so
call ed "Phase picking' to select "good sanple
streans. Common DVI link inplenentations use an over 5
sanpling factor of L=3, and data sanpling is often

i { hqut h t racki Once th
%%gr%og%#g u %&é&qg?ﬁgﬁgrﬁrﬁa‘é] a\r/]gl | abl ge th: phase
H06KE Onk Popiles iAPRrSAFRbE ofcawtecafzerLf& g §§u£¥sﬂé%ﬂ R@rial link is

some type of phase tracking approach (such as
thasers ot ireceiveshiate oxeresangiling) cambivedievitht so sealllesk tPhake picking’ to

L M——

Sdelfrfpﬁﬁé fzidrt&rﬂﬁﬁ’ﬁ rah& [4t20faniAR!i€ BRen EQﬁe defPr gﬂ;&&‘@ rph%@é"?rackmg

l'ine codes enployed today have very w
Ipaaet the wsertsangplechdain stremm|ie agditabled the) plexsa pickat mtsms one sample
I i nks

ThIS proble IS espec:lallg/ cute for. DVI/ H
n%Y BEiRE Sprig RE phDhage tagiing| apPraash (fushasritansition
gfhaam;iﬁ%lﬁe ef RPUHPERSopilASEnPlCKer s have to

per at e relatively narrow tracki ng bandw dt hs.
Teesjd Wik sheh of teshiiualis shpivebcsinipte amd dfexperabid ot ynplément, it
tr k &aIPerm nistic jitter present in the over-sanpl ed
b rOWATIGY & mr?k}erﬁan 0 dRHanees SO1pF Aipe codes employed today

'ﬁa% taw M R ﬁafc} érpearaﬂgﬁgfgé F;JAoFor ﬁé}@? éagst%ﬁgt}ain% This

t1mes),” causes poo ransi e
qnnﬁbmm&spmal@mut&ﬁardﬂﬁﬂ%ﬂ dnge whidhO&)] haveuns from 1 to 14

fun pr obl mof t he,  phase pi cki ng approach IS
%Pgﬁqr TE4R0RE, 0 §t@bﬂlar pndyiohuptaBse Phse mideph @@ igapgrate with

L M e

s;aaibhty ta' etask rdengmjinistic giter quesendfin Lthe amer—\sﬂdp&a n@tLS . Narrow
Hen themﬂ\;ﬁr sanpl ed data is, used only for phase
fdto p

ttFao? mgn‘gand pesqlimifapenseid; sehing m%ds (@ KePhArgsRequisition

o000 4 S OELE S BRI e

I{ﬂ()ﬁ]ommmﬁmdmﬂehHDMoblaml cﬁ‘rthapBaSeqﬁdchbpptbaa{ 3 i6f inkbigity to use
iq{sor [ on availablg to the receiver is 25 sinply
& : wamp #helngthe adsteption; Froggsser SOBIRAY phzﬁs@ picker

S Sy AR ST UGB B0 Mg g st ne o

(cﬁ‘I[P)ecearbdl eamplbe IHeaee ijemi—sahmledlﬂﬂm B ybasalyploe phag tracking
roag A ol erabl e an Ir@t‘(‘g{%@for an i nexpensive
91' % techomy akhusnthe pker ghigcards ppanydaa sapples which

| s use suc ﬂégégaabﬁﬁgﬁ%%g%%w S elg %%ﬁ ‘af{ﬁgf%fl'c * Eommon

daUUHDMhﬂnpimehtahbns abyg MB of theliafhon@tos awdilable t8RHe receiver is
recelmvde%Fd%rforrrance begi ns to degrade rapidly.

(DR xarrpl e, it can be shown that such a
t t
08! L3ReaB)BeS: BHOEAR 00 BRRRCop BRIk AL 380, A vhen e

| Iimkogrtdployd @ sBort high-quality Shielded Twisted Pair (STP) cable, the loss caused
by such a phase picking approach is tolerable and makes for an inexpensive receiver
implementation. However, once the data rate is increased and/or a longer or lower
quality cable is used, such as an Unshielded Twisted Pair (UTP) cable, the available
eye width becomes smaller and receiver performance begins to degrade rapidly.

[0011] For example, it can be shown that such a traditional phase-averaging phase

picker requires an eye opening that is greater than 2 sampling intervals in order to
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reliably detect data synbols. In case of a common

i npl ementation using L=3 sanples, this inplies that
the eye width should be at least 0.7U if data errors
due to phase picking are to be avoided. Such a

[0 m.tati [ it t abl t | / .
RVHT 4t et hBaber Tl Sfh chBMREERERmsRREng] wine 13
| daxdples, BHis th@IRGhatah@ ey FadiBShand vefd st GGV L8 H A rs due to

e}&ual i zation and pre-enphasis techniques which are
ridiase pieking ax pehe aveided.08edh a limitatidh ti$ guite aceptable at low speeds

s R e SRSt RBPIRRE B BHr bt Maner
fRrE0ha PRGAHIRIED8Yod @gﬁlgbié i t@ﬁd p?@EmPﬁ&Yé %hﬁi&g@?%ich are

way for parallel-processin e sanples. From
rrebgivelyrexpénsivepl enent ati on standpoint, it is often

iraple to have the receiver conplexity depend .
ﬁ%ﬁélr Fry 2gitioRe By feditionph, @51%% Plking RPRrogeRss; giengifficult to

‘. A "o y .

i R S b S BRI hleh e S MR b AR 8 foncrally do

i mot qoropide xant gaspneky fist st laipoocendind) of ke Sapples. Ofrobha receiver

over-sanpling factor . Qr even npre. 15 [0013] An, i

aPtRAFRASHANRR StPRdRoR) if dt @tiglr desiigble tonbae the ressivar rcomplexity

[ r e S Qe “dVRior i A0

orBEFEIERRY . Ye Myer SRbpAfs ABRE! bk MR for namoger eve

| specitioatiqras Mdrgr existngs pad pickikg metbodyf demst 2ahibit such a linear

linear and/or non-ljinear filtering of the_ data, often

| 9HTEaRA Mrommlexibyang: ingisad grayv mith Be sawae of the oyryemakiag factor

opening is available, such as an eye

g%%r?ieﬂgﬁ%' 0.9U or wider. Such receivers are 20 al so

| [0k Ple Asii alriativie rodse € nkceivdns efelll lsnoawh innperdraid repeasmed by so

for their poB/uI_ar,ity in the past. However, once the .

eSpelen pRIRaTHY DOYnE s oY sampladiceceierps Thimivphninue wayajdaly used in

ht!hg _ri)'ast.sﬁ? %iv %?ééd?llinﬂs'aﬂﬁsofférp gorﬁg ﬁl&@&% IR)fI’l—lﬁ‘i’é%P ﬁﬁering of the
Majority Voting' Treceliver quickly becones

udesat ofsdra dhpioyingFthet fobustmess, ard) BN ef ahe Sinkh peovided a good eye

receiver has difficulty handling data streans with

HORSRITEr S RYaivRye. Glpla @ 2B e orering k- Holaen ¥idesn Sugh receivers are

51 S e e B BRSO Bt e

apust. dHbevevacomerthe ¢yd spenkippbegimsto sEBRRY, dsds bomeoass today’s high-
dat a, det.ect.i ons and/or phase, tracking,in the digital .
R PR RIS g Gert R anes o si5bsa o MajRsty Y ping yreceiver quickly

. ¢ . Conor : _
CBLIRRD HLLANY, | SRR 0BRSS My s ity
dietrelting data atrelimg with high frevmeneyt offds aBDiredqueincyingidulakien, as well as
_unavai I abslv‘giﬂ{girghanal og i nplenentation are often

i ingprds Pl JI¥RE- di gital dommin.
R e L e T T
S€DR) rrectmiduet, bdtit€ detections and/or phase tracking in the digital domain often
have the advantages of portability between different fabrication processes, simple
design and low cost. In addition, many non-linear detection and/or filtering methods
that might be unavailable for analog implementation are ofien inexpensive to
implement in the digital domain. Furthermore, even though conventional analog
CDR often provides good phase tracking performance, it seldom contributes to

improved data detection per se; most analog CDRs have a simple sampler for data
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i nproved data detection per se; nost anal og CDRs have
a sinple sanpler for data 3 detection that takes just
one sanpl e per synbol. Thus, if substantial eye
closure due to high determnistic jitter is present,
f n .S :
PR FhIF B 4 TP S R s 36b Akl 9 Hokure due
rey High agdieMaidtic f jiewerys peessytybahalog dEIRCheadorfianee becomes
sanpl ed) at the point of maxi num eye opening hei ght.
fctogych a sanpling point is difficult, and often

i‘[@‘g?ﬁig}bég‘fggaa,gﬁh{e irllag&brgll:%}/%rog)%gautog.pegt%}r%ﬂ'ge afBe achif:\{esd if every

Sal _ receitver usual consu
Otrebol Mg Rtectedn@.ef @Gampled) G@REE - poli@ el ﬁ{axirﬁlbkﬁheﬁab?ening height.
transitions generally do not occur right at_synbo
Hideivereari sxh aphspling peint isohiffialtaafdefiendinmppssible, to find. In order to

determnistic jitter.(caused by inter-synbol .1 "
GRS b cwiplal) otpubE R R B IR PaRyitS Rate transitions for
PERERRENJHEWERS! Such HAR-HREROAS Besdrhlly dbi dAdt€ccur right at symbol
i ntroduced by noise in various conponents of the

t bcamdnu@s [ lelsgqsgtﬂn i siiﬁf@hte]:dsby_ ctﬁlftljlmklzwﬁtqlt (sruspf d3 dnter-symbol
RisHersmiss UST) ackmmrined b e hisBronel BrepRdipk by pow dglsgministic

Mikdel iRlrbGREH B9 HORRNASarib® 8dnp&iehits)of thé @aAdrsKon system (such as
i'nduced jitter and frequency offset and frequency o
nddel genoatonfthese poisse impieniss biging o6 signak by | sampler resulting in
addi tiogn e link often suffers. f.raom nonlinear

ctp e B e R B ol b E M Rame Biise gp begosstall-
Begastaisitidd nd FreabbRy dHset AN EbbiedBy ntAklalieh dfie\prélnt in such a
reliable information regarding an optimal sanpling

pliikat noedditien,cther bk ofienbsiffers Heom exwilinesr distoraensethat further
to fi ltge[ th% sanpling phase information derived from
t?fgn%lﬂ? FEPU8R of the 20 transitions in order to

a0l ¥E BRtaie "Be AGEARNMABE CrabFfBhd MehyPHSS rovid reliable information
i nstance, many existing inplenmentations apply either
areghdgry arf pptineal sainpling peind fersthe camerfteymbol, the receiver may attempt
characteristics. or sonme.nonlinear, filter wiih noise,.

<185 TS St nhaiedipey PRAE pRograR Herited, Fon b SBeiion of e
HeYRYRIns ih RRIR IRVt RBARcBGTABI @ﬁnﬂm%bmg. Wb} thstance, many
such a nmethod is often non-optinmal in_the

sexisting bynplgménsatione nepply Tieitken o Hinsansiali¢rt with low-pass transfer
diffi %ultt. to 25 se?larate %erm’ i stic conponents ..

(gl&%c %gs 1f:%!or S 8§1§Iﬁe§f ) o, [:R?flsg SRpression prop.e es (e.g. a
dffe8ialiflef | BoWERS.AhE Shiflig Phasé BEIAOE ¥biainkd Sfith Mehladmethod is
non-det erni ni sti c phase noise should be filtered out

( piten newmppiimskizdihe symbottby-symbeli snbe  Faist isdwcewsie| it isdifficult to
the fre ncy . offset shoul e tracked in order.to
TS GHB e ORPORER dFHEas IR 1 FRFAED 08 pure non-
apReARaktt Phiel R RS decy BES:t S WPh 1 AnéH-aétbAGTISAR phase noise
and thus, overall detection” 30 perfornmance suffers.

shouid be filtered out (i.e. suppressed), the deterministic part as well as the frequency

offset should be tracked in order to provide good receiver performance. A filtering
approach is often unable to make such a distinction and thus, overall detection
performance suffers.

[0017] There are other well-known methods that attempt to improve the performance,
such as sequence detection method based on the Viterbi Algorithm (VA) and its

modifications, as well as feedback detection schemes and Decision Feedback
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[0017] There are other well-known nethods that attenpt
to inprove the performance, such as sequence
detection nethod based on the Viterbi Al gorithm (VA
and its nodifications, as well as feedback detection
schenes and Deci si on Feedback 4 Equalization (DFE

) .
THéaliagipnddi¥es Whssk 2pspachss avosl well and allosoionicepypt for IST and
| Sl,,.an L her term nistic: v L AUS SUURTI
| A BB AP ELR S, Bl FuPRTRIRR ad Bfanco gnd simplitying
S aip karifliniase irickild gk {sasdé if fdvi 68lyldeedkOiy Handl ndg@Eerministic
to handl e non-determnistic parts as well as
f reogig@n axellas fisarency ofissiel dlowevsh segneacadetedtiondasaignetiods often
met hods fteg 5 are G |FX and eﬁgﬁnsive.to Ifi-bit sampling (i.c
| AT SRBRIE 2 eRpdily 1P daler Ry BT Fop TR pyiibjt sampling e
(1 an@log-teNALIeN -doRvétkish L@AIDCH Al Sit@Rive Al¥aiput@itils on a symbol-by-
extensi ve conputations on a synbol -by- synbol basis.
Onymboh éhagiat a Onge dhetdata sate sstapsprooapproade the Gigabit/second range,

G gabi t/second ran sequence detectors_qui ck| o a
DTN ST ORI oY BV eoE o U Sfth VD (Viterb
Depeachiaiip) ardPFEftaEs&Reedvers ﬁﬂgif&iiﬁiﬁ%@ eRPéHéini tb invflchhent.
expensive to inplenment. 10 [0018] Therefore, what is

nel8E8] Thersfore,mhat isyneedest siaciimple ysh¢fficienbwiy t buildaa deta receiver

recejver w th.over-sanpl ed.data regception which .
OB Lh verEHRRIFd AR TEREIE B RO ¢ RO Figtdie problems which
t r @dintd o ARt Pi I Sajorl WitinlY andPddalE CBRGeceivers.
anlglg%%é CDR Or ecei Vee?isc’:?&%u%{a (I)?Y OF tTEE I NVENTI ON 1gce1vers

- [0019] A nethod perforned by an over-sanpl ed sequence
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detector is disclosed that operates on sanpled data
bySUMMARYtOF THEINVIENEIOMNi | ity of the sanpl ed
data. The detector separately anal yzes sanpl e

s elf0&Pk dsmetbed perfarered by amarvpr-bameplpthipquencadgteetos s disclosed that

P! i Saefe SR e cgaﬁéjgsré%?cl{i{x‘éﬁlgiad'fe{egtrl“‘égnn{eﬂégigﬁgqf{@cgémpled data. The

pPh@&esor dcp@alBl falyoEs aRFkeSdqBef@ioraifiietBiit s@fnpling phases and then
| ook-behi nd and | ook-ahead 20 information in order to

i npicksyesamn seapedhyliows fonthe mepiorlishle detestinn. For the different

addi t i,on, .t he .over.-sanpl ed. i nfor [ i

fu?atrq’}:el\lr“gipll}ﬁsr \/tge ?‘F}SC 8121?'3% |Sos%meper tdg ??rfalﬁ §%—%§€1§6%§? lqok-ahead
anpifdiaiatieAROGIdBEB impesVeaPPa SIS sfrabol by GSmbohdeté@ioa. In
over a digital transm ssion |'ink having_-a receiver .

f ordditéens ithe avgr-sampled irfersnasiondsngsd de fusthet apreye thesletegtion

re ééfsentoean over - sanpl ed sequence of synbol s,

d cfrfIVfﬂafirst and second synbol fromthe first and

Seend] R Aieer Shib8aiont, BAGhpBidatudBér re€eiving AaARREr a digital
response length is disclosed. [0021] In still another

entsanission linknhayjngarat-atectiver fosseseivingp spgnencewé sarpples generated

digital transm ssi I ink hayin r.ecei ver .f or

- elburelRenEt 40 QucframeLed seation PL v ithol, 5{eeing 4 fitsPand second
symbol from the first and second sample streams, and estimating a channel response

length is disclosed.

[0021] In still another embodiment, an apparatus for receiving data over a digital
transmission link having a receiver for receiving a sequence of samples generated to

represent a sequence of over-sampled symbols, the sequence of samples comprising a

first and second sample stream according to a first and second phase of the sequence

of samples, detecting a first and second symbol from the first and second sample
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30 represent a sequence of over-sanpled synbols, the
sequence of sanples conprising a first and second

sanpl e stream according to a first and second phase of
the sequence of sanples, detecting a first and second
SHERWN, ahd SBnkiRfpld fist syReEroR BAASE df8 TRl Rinhs fif £ 3ifRple 3R6am
exam ni ng a flrst synchroni zation data field in t%

find 8 Secwadpyehsinizdion datdfield srethorsdeaylsempbmitam inwrdiata

field t he second, sanpl e stream.j d
s edin o S0 e SR I 5 A afandsymbpls i
HﬂﬁkI st and second synbols is disclosed. 5 [0022]

I'n stl | anot her enbodi ment, an apparatus for
16622 Vinrzgli dadthensrabodimenig ki aj)parzttnaftﬂ meceiving dath oker a digital

having a receiver for receiving a sequence of sanpl es

(kepanigsien link hayigg agsesiyer 0I8eRIEINE @ S§avIvR Pt ?&F@Psggenefated to
e ' . .

SRR RS Salc S RS SOHRRERI ngl by

&Bﬂ@jﬁd sé&b&ﬁ%amblddmeammwﬂﬁ@ to tafﬁrstaamrll seconddiasco il the s@quence

first and second synbol fromthe first and second

SArpnaleyslesrianmiirstand peiond sHabeldten thabrshaytiscgad sample
L

faka@tatink @@¢ or loey @Ettébtloﬂpagemb Parrarry &l ore ornnlére dlaigs §laz;, wherein
di fference between a width of the sy rrbol associ at ed

vilegy hea e valup indigpting ¢ diferenesbssweeiye W&i‘f of thysymbppassociated

%ﬂ?ﬁéﬁeﬁf&dﬁ%&“ ga?r“e‘i% I%{Eﬁk grﬁ @]{ﬁ'gd Hg tgé‘{;ﬂ%‘é&%]‘?fasgﬁlples’

\tal Wdfustisg dife ¢ rﬁ@ﬂe&%&ﬂmef paadktefs marpertie redueadabilg values is
medi um havi ng conput er - execut abl e i nstructions

b¥ds§ed thereon for enabling a processor of a

IR AT RDH OET. My R0 fcions

| 18&drieCtheRos fordhablihdgproceset v a’lq)rﬁptﬁa(.ﬁyell&ﬁﬂoqfrocess incoming
San'pl es gener ated to r epresent an over-sam

SO fé tatt;a%sy%e%lml@éhee(emnlgteraexqcrlebieaﬂweeewdudmg
S0 GMbe o o AR AREP T OMRL By BU MR Bifhnce o

Csyﬁnmseﬂcteaa@abﬂhet aRtkicosndispmbud fioanihe tfirst-ad secindsheple
instructions recorded thereon for enabling a

pitisemscud eé‘Fmﬁtl%?rﬁf&ﬁf@F @W@‘?ﬂ@éﬂ‘pr ocess i nconing
3@5@ 4108 ugérgle %rl:oh{r#ﬁ]lfer CFS{Q&R%}:&C instructions
e £ BRI e |n ruc

reesrdvd fhgredn FeCHRABLEL: @brc&vaﬁmf efa gafipiitai gdtetmtor;ﬁpdsees arbming
a sequence of over- san?led synbol s, the sequence of

sdatippess ackigiad fran wglseom Pkstthﬁﬁ@nﬁ‘é‘ébﬁ?éﬁ%@mﬂ igstyqiigpsrincluding

ar%%e%(r%'glae g&l.?ealee a%ﬁrpégsggenﬁlea %éeglé g 3 d:[déﬁc @lf’tﬂ%p Sfinpled
t yentfold, Hle RGEenSe eﬁmin;ﬁémthﬁpﬁdiﬂgegﬁmt aiMl@chehdi] sdrhple stream

detectin
according t% a first and second phase of the sequence of samples, detecting a first and

second symbol from the first and second sample streams, wherein the detecting
proceeds according to a dynamically updated table associating one or more detection
patterns Pattern; to one or more flags Flag;, wherein Flag; has a value indicating a
difference between a width of the symbol associated with Pattern; and an over-
sampling rate L used to produce the sequence of samples, and adjusting one or more

equalizer parameters in order to reduce the flag values.
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proceeds according to a dynam cally updated table

associ ating one or nore detection 30 patterns Pattern;

to one or nore flags Flag;, wherein Flag, has a val ue
indicating a difference between a width of the synbol
associated with Pattern; and an over- sanpling rate L

used to produce the sequence of sanples, and adjusting
BRIEF PRSCRAFTFEI() 2O R THEDRAWINGSler to reduce

the flag values. 6 BRI EF DESCRI PTI ON OF THE DRAW NGS

[[m] Thé ergsestsiamentionvisrilngtrateds by [waysefr %ﬂaerdﬂ@yandalyotdw way of

1%relal(£tgltﬁjﬁnm sg%f tga }éﬁﬁ?%@galnlg}[ﬂgt(?} | on 1ch %J(e FSference
ﬁ%ha@feg% 5@ ffﬁﬁ[@re?én%ngse&ﬁrm%g{ ml ar eI emant s and in

ure 1 1s a top-level block diagram
00263t Fadurarq ia mﬁeﬂbldﬂdclssimgmm filbustratieg e phetbnd @hd system for
dat a .over a digi tal ansm SSi OEHJEI Nk, in accordance di
WReeRtian Oéﬁﬁéd)ivﬁléﬁfilgl trapsonisyion SRk, nAGEXRIRRSS W’[ﬂea%ﬂnbo iment
H©OW chart illustrating a method for the
rgggg F%ﬁl{gjfvg%&(%a over a 10 digital transm ssion

ljo0da] Figuac? o d@voechart ﬂlthmlgtwmeﬁiedtfonﬂletrb&ppoﬂsaédata over a
invention. [0028] Figure 3 is a top-

.eve
(_ﬂlg@l Hansmissien Hak.ilp gc%prg%cg gt ngqrglpo ta&tb Blgﬁegg invention.

o PP (5B QLERE AL 8R40 o

A{'Jﬁﬂi Miéhbodlﬁleﬁﬁﬁﬁhdpﬁ@@n mwdnhoﬂ.n enbodi ment of the
present invention. 15 [0030 ure 5 is a block
dﬂ%‘}laﬁlguw dsis ralelpely diagrae 4 Sﬁa (e, Battern zer, jip accordance
r dan of the present
?ﬁ‘f’lg Odlfn(%g(ﬁm%?%g?@q %@’3 bl ock di agram
I[hbw]t g3 ‘gw&gstlbea Bkt dfagRuf fikistrating ac PanetAnadsalyidrhElement, in
one enbodi nent of the present inventiagn. [0032] Figure
7accerdands) itk ot ergbediment ofshe aresery IRYFELIGRr eam Swi t cher,

| RogFc ey 085 ﬁfocyd‘la SR SuSERRAE RN IaGh BH&%P £ £ 56 kdance with

| drleUsibodirh&td off g pebast inselidd. er Controller, in
accordance with one enbodi ment of the present

i 90321 ifogure [7013334])10!31( ghﬁgaxg ijlysteptine She StFayryicher, in accordance
il lLustrat € er system enployed to
\’Pﬁ#Sﬁ%ﬁ?“’%‘ﬁ %%F“g@ﬁ e lgfﬁi?é%%lnvengll on. 25npDETX| LED
Dio083] PG &Hs Td"Elch&Eib@hl[t@&@ﬁlg Bef Blatic Buffdrl Comwller, in

be made i'n detail to a particul ar enbodi mrent of the
accordance with one embodiment of the present invention.

[0034] Figure 9 is a block diagram illustrating an exemplary computer system

employed to implement an embodiment of the invention,

DETAILED DESCRIPTION OF THE INVENTION

[0035] Reference will now be made in detail to a particular embodiment of the
invention, examples of which are illustrated in the accompanying drawings. While
the invention will be described in conjunction with the particular embodiments, it will
be understood that it is not intended to limit the invention to the described

embodiments. To the contrary, it is intended to cover alternatives, modifications, and
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i nvention, exanples of which are illustrated in the
acconpanyi ng drawi ngs. Wile the invention will be
described in conjunction with the particul ar
enbodi ments, it will 30 be understood that it is not
batlieNaad ad thaly ibBithclhiiRl Witkithé firit 8nd SRpe@s ael iReehtion as defined
enbodi nents. "To the contrary, 1t is intended to cover
by therapaendedslaimoedi fi cati ons, and 7 equival ents as may
[ ded within t spirit and.scope of. the,. . . .
Rish B st ameliadfy e e B s lBEr o il dip desirebl
Weh QVeSicP atRlver i@ lbRretSrobBRt ofR¥AlondnGhd pkedbnce of deterministic
transm ssion link, It 1s desirable to use a digital
aad abn-detetthadistiof jfitters DebtesiSIpgenabpagh fhe avieesanpleddota repeats
of determ ni st'k:c E,,a(nd on- det.er m ni stilgryjitter. 1Due tor of
fore than qpg SAMPIeGRG Rit(RE- & \Fnes LA el ary A5k Sqraplifig; factor o
b, | iver dsl ARy RopRited sampl
e Ay AR PRy et Pyl RIS Rerfited semple spauence
bhy, matmayeiastead bemprsevaless iathasqnaplé eequence tpeateawt equal to b.
sanpl e sequence, bb but may i nsftead conprjse val ues .
FAr examplgnd PE ‘@@%fu%fﬁ(& EFYATIVE ugamg Bue&ﬁ%qﬁpphabf?r it gy arrive as
; i iftiBRYdPEAdNE o FRERT HHRLEStHe dfllenge i
BUBTRE10p oty Ko CoRbiyifRIidte o FRGR! HURS e lne s
o fifer thorinbal fremn,a wWaepesdif sgmples jwhidkedo nélan@simdusty indicate the
challenge is to infer the synbol froma nunber of
§&mBPles which do not unani nously indicate the synbol.
%l efho]bo | €M Injdety Uae of th
rmjiorl 31/18{\%&%03?’ ¥ﬁee Oggg’#%%&%% g?{’gﬁatel yJirtﬁydoeesO ©
Rednpleer K Unformaiyel ais edoes bastameek iih amay neses, ecause it assumes

know edge of synmbol boundaries in the transmtted .. . |,
knpwlades ol surbldwundgricsinthe ‘ifi'%sé}lﬁ‘e‘r ?%‘h%ﬁrf@ﬁ@ewmh in itself
' e t f t

35 EhThdEe 39 el Rihel R el U8 BRURPBRIEN, KA K phsc of
ithe sighal bynsdamndiag tlaysition axeintsomg iastbncas by ngpleleofing a tracking
However, phase tracki ng does not distinguish be en.

pors eHeWPYHsPhaRs HRCkIRG BPes nat diiingeish B%W_%Fﬂpﬂ?%ﬁ%ﬁ Which result
J K . A s

{1 0% 2 ol BATALY SR, Bl o o
syniplihg bloh sdthydesmrdtd the spibokEbaindadyy atb theredalestipulddbedracked,

S L1 M 500 S5 S PR 209
%gﬁlg»}igg;pogﬁioh reﬁ’l‘&ktﬁgre%g ViREd 33t b0 '?:ﬁ:@ﬁ&f e Al A%t phase tracking

i nv an attenpt ensitize the tracking loop to
dheslges ah natteept chisanttizebyhe trackifyilogp tthechongaiwindtlie ohannel by

the_tracking |l oop, based on the qgbservation that

rediBang thebiadnidth af theeckig lapp.ibased gt (i OLgss¥ation that boundary
. at ' e :

SREEG AR Rgblred PR i hablind e piger o

ViRl s/idak loff tdheackdenldopg Wihilb this appfonety werlcsywell when dealing with

instabilities, such as_problens rel ated to generator )
flowghiesienciomsiaitlitigs, such as problems related to generator irequency or radio

link Doppler effects, wide noise spectrums due to cable cross-talk and high-frequency
jitters caused by slicers and Phase Lock Loops (PLLs) limit the performance of phase
trackers. Therefore, it is desirable to improve the performance of receivers.

[0038] Figure 1 is a top-level block diagram illustrating a method and system for
reception of data over a digital transmission link, in accordance with an embodiment

of the present invention. Transmitter 51 transmits sampled data over channel 52.
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l'i nk Doppl er effects, w de noise spectruns due to

cabl e cross-talk and high-frequency jitters caused by
slicers and Phase Lock Loops (PLLs) limt the
performance of phase 30 trackers. Therefore, it is

desirable to i nprove the perfornance agf receia/ers. e
p(yggga}mgdp@ (feguence SDge@tgb_lpgvg]er%]p §0aéﬁ:fglﬁ§ to as “receiver”)
il lustrati t e [ e8MpBh tracking th
P41 LB TR O 18 S By B3P B v
weitEi @ red bRy BENnhe s@iplededspa eimetead iofitenkingrthe optimal sampling
Transmitter 51 transmts sanpl ed data over channg

, | 52,
phae o thedein.c Bossmplinge obdlusiEatinn ondpandyaotdyraay o ligitatipn, one

f d t " i "y : .
e AL ) AT SO0 i
LIphGkdNGheR eddBisgfibbDPAssuriel ahe bf two ehlubd)eudamplagd -1, or 0 and

data, instead of tracking the optimal sanpling phase )
df Tlieeefdeet ane pomors empbodimeytsare fliselgsady taropgtates the ateiof one bit

not b f.limtatign ne 5. or e [

G SR pad b e Srodtie ARGy Yool TR GHTHRERRY cgges can be
Jeliddal Y and! PRARGles. WHRGHRVE:, QBER &Y M| nedsstyesomittonaf for the
two val ues, such +1 and -1, or O and 1. Therefore,

operation wftke disbloskdhemnbedimentsgangdcthe devention dpequally agplicable to a

A ith stk B DI ngn s Y € A AoRY Fopifiie Mre than
6 Kt SRRERIatSRRY el b BtheRlFePHMIIREERSMEY, can be handled

conditions for the 10 operation of the disclosed
emslogowsgint s and the invention is equally applicable to

nk with re Go ex. (non- bi.-nar.y). al
JamoBy et Srepe L o eg S WRfigf RrPBRkps BRH detector
aoVR! dhodd hirehehsifY %h-&%m&hgﬁng #&@ 6f I52B &Rl using single-bit
handl ed anal ogously. [0039] By way of exanple and not
pmpding.o fUnlikeittaditiconl sedquenespdeteatpusnthefprescaedeiestor 100y separately

100, is sho herei n usi.ng an _over-s [ fact or
gl A R R OB LS Ch YEM S PO (Rt Cphgpe offse
segyence detectors, the present detector 100 . )
sfpardhang thearpitksassemplerprquencedhet pllowsfer the mroskreligple detection.
sanpl i ng phases (with a nom nal phase offset of L U)

Ay thb FFRERK SR PHaBesS Shl daeetof 160 imdpeewSofneranidigit of look-
most reliable detection. For the different sanplin

prehireband hwkerdead inform@n dsppracyrsebaad @ﬁﬁcﬁ\w%fda%gk order to
20 behi nd _and | 0ok- ahead i £ i .
PTG, BEe, PURpie TR PR syPREl TRatRh i BuaRiER He Mer sampled

SHFRRIatiBY isSl(Yjleﬁ% fEhehe? GhripPdve the deeliidd petfortrlafice. This is in contrast

over-sanpled information is used to further inprove
t toeconwenmsmiab Phose Pinkersh sdhichTpften discard the Averagmpledodata once the

N

convc?.nti nal hasg PCL kers' which often discard the
o%?é{fp’él&rpglla%eohaa FE OFELHE™ sanpl i ng phase has been

- dfeisee dnURans oﬁﬁe{e@t@&p%eﬂféhﬂaﬁba%@fyregﬁﬁ 8fi¥en@ibn is computationally

performance the present invention i1s conputationally .
efficient, and therefore can be successfully applied at data rates and/or cost constraints

well beyond those currently possible for traditional sequence detectors.

[0041] The detection performance can be further improved by combining one or
more embodiments of the present invention with transitions-driven phase tracking
(analog or digital). For example, phase noise and frequency offset can be reduced by
a tracking loop while the ISI and large ‘phase hits’ can be dealt with by one or more

embodiments of the present invention. In effect, slow phase variations as well as non-
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efficient, and therefore can be successfully applied
at data rates and/or cost constraints well beyond
those currently possible for traditional sequence
detectors. [0041] The detection perfornmance can be

further i roved by conbi ni ng one or re.e [ nts }
dgtemi@is@i'pg@ﬁ ngiAg aFvt askebY AbY PEFRY bERRuIddy ?ﬁ%@ﬂf‘l%ﬁa% while
Ki | b .
b SE el 8RR 40Pl of ! bR e RN dRes RARHFing phase

hEAskodqshd@oR I8hi | e the 1Sl and I arge "phase hits' can
be dealt with by one or nore enbodinents of the

h
p002% rFigirev2 i & Baw dhartdilasttating @ wethph sarethg seqeptipnypkdaja over a

R Tt T
%Yﬁ'gfl%%mbe\gitﬁi le85difg tHOAr@lsyiid6l, Rhe RMbod Buebe idescribed in the
an

s remai ni ng phase deviations (such as ISl).
[feleiRihgBiegsire 2 is a flow chart illustrating a nethod

for_the recept.ion of data.over. a. 5 diqgital . .

tr e SmDHPRIRbae,{ouh 66 G 8 i PheSHh B St gAYy L4, pith the
t he ' i t At brivhisie G@sHoRd 7 . Thi
e A g A B
f ol vidong tgfieply: inclades dachmplespiormspquidingeto( thet cusfeng symbol, as
total of L phases and starting at 14 with.the _first

phawell asgromess %ﬁ”rfrﬁ’él @“ﬁé’r‘?ﬂ_ égdla?/’grsygf?ogsosg?r\/lgf%%e’ for a
W ”%%%ng‘ﬁvdﬂ‘éx% oV (—)shaiMp'ﬁgg%étbﬁpbP ally bnglisebsdvaaiioivitiow W

corresp I'ng to the'current synbol, as well as sone
s anmplegsconipivetsher |6r emiphess Enedn reampkycaselof. WFob , one look-ahead

instance, for a systemwth an over-sanpling factor

of pareplg and opg é?%ge%@%ﬁ%? cah beFREbLR %‘t}ﬁ’é‘&" ST 3 Samples
50 ggah% n a%ingpl ase #ATw\W &, Bvo RRR-behind samples
looEr_ogrhlzn% sgtn%&bog'ngp%ﬁe oﬁ-%%hi nd sarrploe can be P
usegnd Bnadsbik-dlead sampleecah be Bed anplidision Fo theo =t hesamples for the

current synbol. In an exanple case of W= 6, two
| ookwsHisierbeh apd agnlaghy doppilen 'P(e-sﬁ% dadd fnpl e can be

used.. | it t = 1
25020 s By b Bt EARASL o R daming
Nextphade vkéng the chiaplds delbeed bbodveofLovilirahent aisl/lwbkibelriatl samples, as

for each possible sanpling phase ysi t he sanpl es
el ersilces BasARsisionsiRT RRlE SHPRnS VOTASTRClRT 100 Aok Strgas, may

20 ] . 1S [ or
ot FevisrdoBREb S BE UBEOR pforR B 5 ALLARTLA0H: O
t e ges®cdsiipptePk ! RdTE0s eeliaslitgefo Ehdheshnljeingvphasd\(i.2@ssess the

estimate the detection reliability for each sanpling
phagiecigiongmcersainyy t he decision uncertainty). At 22,

?g: ﬁlgttbg%t, i@@ g’t?]['}g léénq gfgt %%%1 \X\‘ritﬁ rt:'het hqghepslt gg'tgét{ondl%ﬁgmi{yo@.e. having
the lowest decision uncertainty). As described below, one or more linear and/or
nonlinear filters can control the selection process in order to avoid unnecessary
stream switching. Alternatively, symbol-by-symbol switching without filtering
can be employed if needed for a particular embodiment.

e At 36, adjust 36 an Elastic Buffer if it is determined at 32 that the switching
process crosses symbol boundaries. In general, a symbol boundary is crossed if

the absolute value of the difference between the old and the new phase is larger

than % Ul For example, for an over-sampling factor of L =3, such a crossing

10
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25 the | owest decision uncertainty). As described

bel ow, one or nore linear and/or nonlinear filters

can control the selection process in order to avoid

unnecessary streamsw tching. Alternatively,

synbol - by- synbol sw tching w thout fllterln

enpoesyEsdwhen Ackded Por 2 cﬁaxfapmeemas daksE Rl | For At aiger over-

36, adjust. 36 an ti t

32" e actan Ao 53T ob B folobing GarSRidal Bl udsymbol

bou&@ﬁf)ﬂng%r dhﬂlcﬁiﬁﬁﬁf al->4als¥moola>tmandar v -bq , and $sed), since in
e absol ute value of the difference between t he

ol dalhtiese lsesesehe glifierendesbataeeethe ol Andithenewpphase is 3 or 4, ie.

exanpl e, for an over-sanpling factor of L = 3, such a

Cr Of$ged ShanlQ UIGGMIch YD SMinahib cast).2The Elasti¢ Baffer @nissdribod below.

has taken pRace. For a |arger over- sanpling factor

caudLapldr e, G OB ob BptEa b GEe] oy Yl sampling
0 - tré’émﬂmrﬁeﬁo’acémmf for WEAdaRy croslingsince in  all

t hese cases the difference between the old and the new

phase 3B srefead thedgboive etepﬁfdrahegemalmwsymwls vl stiedm. 2. 5

in this case). The El astjc,Buffer scri bed bel ow.

APB] nérthie\?gP‘iF stensere descERed WRBT) deﬁéll l?we‘t:f ¥s can be

q@byﬂt %ﬂeg roRACeE lﬁ@gpé gﬁgnveﬁftiroﬁa}md 5!55%@ ehat (e SasMsBiphase is
ound crossin , repeat the above steps

f@iTethand Ny 10 ggess yinbedlse b tltehmrsnt‘ sganbol a[s omad,BQts tpm;tlmate the

above steps are describped.in nore d‘h Jom; 1l vield th

[Tgbabili ugh 3reyssh Qpite H@%r"«é(%rﬂosﬁ Wg @a?e will yield the

€ HE}%{; Rha E8hh8¢h 1<ﬁié‘¥uh ofk 1s with
to glr}%nI ?ﬁ%hga ?%é cu%ﬁ%%?sgynbo as wel | agﬁﬁmjs“u
ethit isarat @alubge.gr v@ithallm ViltigoDT) adahe detgetes $00 (amtﬂee middle of such

AN SR R e -
SO Y1) SRRl B, 398 e, i

msdodistedfwishughchld guessiiy z¢rbe Aithplllglnﬁn@hagetm@l resemple, it does
concern be ause t e detectﬁg val ue

e dBS T L eleuor D e Aot B exn Bred oY the sampling
Vﬁlﬁ%e 'h%fdgmoecon'ec@y adtbg th@%@ﬁﬁ(ﬁ'vﬁlw associ at E‘d with

guess I's zero. Althdugh this is a trivial
ej0dp] e,Ad tanckhers exhples sequence hevihgcphast-dnvariget detection results,

d d
ersGer fhedpleyme<aBPIcai 4o Goeats s ukar s Tal ve. |
ﬁhlas‘%%%boﬁl.m‘?i PebOE¥RHRh & 9&%&%1@% (88 below).

pnase-1 nvaril a det eCtI on resu consi der the

fpjeb@dﬂidr[@taxampb@ £4-D--1-bH-s exanpl e L =3 and W= 5 ):
hase 0: 000, 111. 101 111.000 iC ded as

D505 It 8B B Lir} 100 i alsapeoded a8 061

- plase2: 091.110.111.100.8, which is decoded as 1010x (i.e. 1 symbol early).

[0046] In the above example, it was possible to make the correct detection decision

regardless of the selected sampling phase, because all three streams of detected data
are identical over the four symbols shown.

[0047] However, in the above example, the detection reliabilities differ for the
different phases. For instance, the Phase 0 data can be decoded reliably because all
symbols have a pattern of samples which could represent only one possible symbol

value. All but one symbol for Phase 0 have cleanly defined symbol boundaries. The

11
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Phase 1: 001.111.011.110.0 , which is al so decoded as
01010. 25 Phase 2: 011.110.111. 100.0 , which is
decoded as 10 1 Ox (i.e. 1 synbol early). [0046] In
the above exanple, it was possible to make the correct
detecti on decjsion reg%é | ess jof the s

I

. | ect ed ]
SaHPIF RN PRels )1 b Barnlee ba dpoadkr duthotit aaRieudy baepist hup adiacent
i.de I .
00, ERA AL LSl o Sl M SoBtB o vt
rrelatioddiy | High €SI, dvihitkrcatisss 4 hethe3ghatlioff e¢renpeaph#dsmssprofioring and

e ML TR O K LI ——
l.d , is .
S S D b 8 .

biaer thagol BSign deGisichlmeaite (Rereipafiéeslso tefdfdd o simiplalas anetrics) to
be decoded w t hout anbi guity because two adj acent
symibol seqfengesaineorsiep e andientd pheir dgvielo8 voceriiipiye andp sise these

corresponds to a,case W t.] . ' I.ch

SLETPEOPSs hBe R blboly Golincfiite Uit Squelltes
04V I8 \oohedst, (hBUYSliabile FefeRSE tHeoddte $eothdiMgsd O and Phase 2
ase 0 is decoded reliably and 5 has a cunul ati ve

"hesama tis dewerethan dor glfe Bhasen@iseam.ngSaing s9npley gpatiems can appear

uncertainty. The jdea js 10.assig cl.Si j .
(Rl mPEoper i St of i RytEEe bl RERbEERe withou
SabIghing PR I@RER TN Righl B8 drfvriif eqabRntd6f devbRVSI cathbined with
uncertainty, and to use these decision netrics when

dieteseljiter anfry Stequéncymodvdasionraf thexdair. e huse theaneleiss for the Phase 1

004 I t t h Liabili f [ .
et 2,frden 8o hfer Bndy bt Plpg RHERE e figioating the
t heralcd udcBRaiRRA®E r&iuthd esikbiliepEr tha Weleeto pidcedsnfor € Phase 1
appear confu3|n% and anbi guous, and even if the

e

sanguBimse 2ctname  Her exsmende.tioiih Bhase lagnst Blgse ¢ stiepias can be given a

detection_m ght be i rrQr. i p.t r of severe
I%?ggb ’ﬁ%ﬂ%ﬁF¥ﬁfuﬁﬂ3§énﬁFfngwgﬁﬁ%afgggéguency

“Eﬁ'ﬂlbfit RO of NRusHdlich aldwdt HoligtioR! tHeCHLIbMind B&etion illustrates
Phase 1 “~and Phase 2 streans are set higher than for

t srnPlesaaple dateatiom patisersepipppiedi foatdomgramile implementation of the
i ncreased uncertainty (or reduced reliability) of the
dBEEYE on process for the Phase 1 and Phase 2

SExSmpre d41defeBOR patteh for PRBSMmdWesEl Phase 2 streans

can be given a nmetric of 2, as conpared to the 0 )
ntQ050E Amongeotragrab@limenigatwo pobedimeys phfhaogetector 100 will be

| B R b A0 e AL v Bl s RS G 8E L BRe . @

f QhludeS¥ad b i SUEBR ol 0 An@ fonk iiplefbni ARl WRich does not use
Exanpl e dat a de?ection pattgrns for L=3 and W=5 [ 0050]

Aswhga prdhéeusbhiodeted nalie. t osdwemsdivherainsa grevipes value 1$ used to

d%cﬁl&tz %rncél Qnt\grm gtl dg%ction of the current symbol is herein called Decision
Feedback Detection, or a DF scheme. Such a scheme improves reliability of detection
(i.e. reduces BER) in some cases at the expense of additional hardware.
[0051] The following table presents proposed detection patterns for a DF detector.
Please note that in order to conserve space (both here and in real hardware), only the
first half of the table is explicitly provided. Inverting the pattern bits as well as the
detected values produces the second half. Other compression schemes may be used in

order to more succinctly represent the table data.

12



illustrated herein: one inplenentation which uses a
previously detected value (i.e. a value decided for a
previ ous synbol), and one inplenentation which does
not use 25 such a previously detected value. A schene
wherein a previous value is used to reduce
uncertainty of detection of the current synbol is
heLe”‘htféﬂJ | ﬁ@r@ﬁ&iﬁ%ﬁ@_ Mﬁﬁgba%aélé_et g?eltli_lét)n: ?Jtteﬂl ridinmbers
sche uch a schene inproves reliabjlity o

det egﬁogﬁ (iO. e. reduced BER) i% sone’ cases % the
expens@oof additional hardware.0 [0051) The fu$2 ow ng

t abl e, ppgsents proposed (detectipn patjerns for a DF
detector. 30 Please note that In order to conserve
space®f8dt h here and inf%eal hdrdwared, onl y3ghe
firstosmlof ofpthe tableg s explicitly; provi dgsh

I nvert | the pattern bits as Il as, the defected
val ue@b(’ggoducles the secdnd hal :‘MF o hel conpréé i on
schene®ifay be used in lorder tio nored succi n@fly

repre t; the, table datg. 12 Pattern Previo Val ue
I\/Etri% r%ase al ue Pattgrn nurrglers O[POOO Ou§560 00
0/63 9% 0% 000 1/62 0000 10bO0O0 21 0 000
11 Op®o® 3/60 0 001 00 O -1 ¢l 4/59; 0 0019/ 1 O -1
15/5 0011 01106/57 00011111 7/56 O
010 o(??)“’g 0 1°8/55 001d0 1 0 @1 9/5% 0 0180’51? 010
0 10/®&®010 010 1 1 1 0 O 11/5200 01100 0 1 #3521 12/51
0 011,15 0 1,0 13/50 (0111 0 1 -1 1,14/49 0Q111 1 1
1015/48 01001 001116/47 01001 1011

17/ 46°903 %00 % 0 1 0 0 /45 0 13/50

' p—
—

00111 0 1 1 14/49
00111 1 1 1 0 15/48
01001 0 0 1 1 16/47
01001 1 0 1 1 17/46
01001 0 1 0 0 18/45
01001 1 i 0 0 19/44
01010 0 1 0 1 20/43
01010 1 1 0 1 2142
01011 0 1 0 1 22/41
01011 | 1 0 0 23/40
01100 0 0 1 i 24/39
01100 1 0 1 i 25/38
01101 0 1 i 1 26/37
01101 1 1 -1 0 27/36
01110 0 0 0 1 28/35
01110 1 0 0 1 29/34
01111 0 0 0 1 30/33
01111 1 0 0 1 31/32
Table 1

[0052] In Table 1, note that only the 4 patterns 0 011 0,0011 1,0101 1 and 0 110 1
(06, 07, 0B and 0D in hexadecimal notation) are dependent upon the DF value (shown

5 in the column pamed “Previous Value™). Therefore, it can be concluded that a

13
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010011100 19/44 0101 00101 20/43 0 101 O
110121/42 010110101 22/41 01011 1100

23/40 0110 0 00 1 1 24/39 0110 01 0 1 1 25/38

01101 0 1 1 1 26/37 01101 1 1 -1 0 27/36 01110 0 0 O

1 28/35 01110 1 0 0 1 29/34 01111 0.0 0 1 3Q/33 0, .
simplified womeDF dptgctor capgbe dmpl with arzgasanaple %ﬁ%@@aﬁm of

t, hat onlyet h.e tterns 0 011 0, 0 011 1, O 101
fetgﬁtb?%qﬁEYffr S‘(ﬁ’epa%ﬁ&% OB and OD in hexadeci nal
Reteald ffdetidhe dependent upon the DF value (shown 5 in
the col umm nanmed "Previous Value"). Therefore, i

Eﬂﬂi&bnlanu@léhb fjmaicsmre alclatng) for i thel cwaent et @t?%ihcgtg%m» the
e inp nt e ith le d ' f L.

SRvat BT e o Pae-c TR HDe SpRERE Mkt (such as Finit
1@%@%% RESSdhst MERYEEihRS IAp@sE Reehad @IR)f @mohlifear) canedtt used in

[ ,
S i'n each stream the 5 stream selection can be
wedbe . to Tugintid byme dlosiredt gmeunsfoffuhaseeohssence gafl ipprder to prevent

Finiite . l.opul se Respopse (FIR) ., Infinite.l

P?%I.%}Boﬁ‘g’éd?‘ﬁg Fse%%'?erh 6%?%“%‘2\@“%%’ %g{cgls%%hi ngm{%@ggrcatno degrade
NRilish Ria6fi®y.desi red anount of phase coherence and in
order to prevent rapid switching between detection

40034 niThe sletecior 400 fvas i tnoddertgorsaancuiaty ddepastideteetiqnohistory of a
:gg%agégg% Lalgtgéliié %q?ch 2&64 ?oTh g{)%g%qe%ﬁg{ﬂgia?%l;@&gipggo g&ﬂ@h to another

WeGh! | 9fid RNelduis _sév%hkﬁ NinHEeAdARCHYBEssRE ERheaR 8], \Phage jitter,

at a decision to swtch to another stream This is
Hesmese sedelatibn jandéep ehadn frequepce sdfsst, suctthersprosgsses affect the

.ph i Cf . >
e O TR T

?rég@gﬂses)gésiﬂ 2%% Eh\gte:sl}o?tf;%l%?? E(Eal%eg&?gpifé@\é' st tdte ofSeHMBge on a symbol-
by-symbol basis. The pattern decoder in each stream handles such short-term shifts.
[0055] Other processes, such as frequency offset or frequency modulation, generally
have a much longer phase coherence period and thus are not suitable for handling by
pattern detectors alone. In such a case, stream switching is performed, thus
accomplishing (indirectly) a sampling phase tracking.

[0056] In one embodiment for a DVVHDMI application, the filter can be simply
implemented as a moving average taken on per-stream basis (i.e. L of 1—D filters),
which is then followed by non-linear thresholding. This prevents stream switching,
unless the difference between the metrics of the current stream and the candidate
streams is above a specified application-dependent threshold.

[0057] In one embodiment, the candidate stream with the smallest metric is selected.
However, other strategies might be used as well.

[0058] Before the symbol value is finally selected, some adjustments of candidate
streams may have to be made with the help of an Elastic Buffer, as described below.

Stream switching and the role of the Elastic Buffer

[0059] If in the process of selection of a new candidate stream the phase difference

between current and proposed streams is greater than % (i.e. greater than a one-half
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15 certain extent ISI, have short phase coherence,

i.e. a high rate of change on a synbol - by-synbol
basis. The pattern decoder in each stream handl es such
short-termshifts. [0055] Oher processes, such as

frequency, offset or frequency nodul ation nerally
haﬁﬂplaas&uewpiotﬁa éigteﬁﬂg% L PRNES (e svBlol Retndane dyess the
nQ:fet&H:Lrtl@ﬁl BkEL iRl 88nLY errBithbh$ rd&ﬂg&@%gﬁ Se@OBEcause of
I n such a case, Stream Sw tchi ng I's performed, thus

2 Qupticaivpl drslrpping éfivdie spaboly(hs detaanipéd Ingthe iphase jump direction).
tracking. [0056] I.n one enbodi nent. for a DVI/HDM
adﬁpﬁ‘lia%pbﬁl,stafl% whenusingaasiregm thatyisclose fiorfhechpginpmng ofa Ul (e.g.

' t : - St iy, :
3 AR08 CURLATR G O BRLISLARPILEANS o 1 ) Indftenga
t hsteadadt dhdrend diha U1 f¢.gvihe Phaskt T eteains il thishiase), thelsphndslboundary

the _dj fference between the nmetrics of the curren

t. )
stwidhbe sragsadnndg anlesy agcessaps sigpy atentakeny oggsymbgl will be lost (ie.
speglfi L i.on-dependent threshold. [0057] In
on‘gggéﬁgzgf%gﬁfﬂegﬁg %g‘ri]j'di date streamwith the snall est

06T IConSels€lg] Hdhe phigieaneves b3t hierhat 684 €Ji@ndrcghta backward
be used as well. [0058] Before the synbol value is
f i digetign §ep.dEame dhe Bhase 2adjea tathe Bhase (cedregmgiatthe above example),

= AR s TRt Rt B o n e gt
SWttegini Ng and the role of the Elastic Buffer [0059] If

in the process of selection of a new candidate stream )
t HB0pHa s@nelippssitie relutiopp\ihe rmbeve peohlers romprispoadding an Elastic

St ealrs, 4 reater th A, e. t a

RSB of GRS hlel g o R b Iy bt the strcam
Cr $¢e6n i Berformea) In diogderof a fdbkad phakemotie (@g tfadm IWOPhase 0
takes additional steps, erroneous detection nmay result

betizeametoghe Phass 7 sgandin the abosp skaraplel thedengily ob éhe Flastic Buffer
det er gi.ned by th ' i i on) . .
SR8 TS DB S RAMERP B Gob AP e cose o o

begliasd rdtardafent(dd. ft@n dhe Phidee) Riase td tied PleRendi sire@m in the above
systemw th an over-%impl ing factor of L = 3) and
asgt

s etxaemleigihg length ebihe ﬁﬁu ﬁ@isémclrgasgi by @g@s_mh@% Phase
2 i i . !
o BOBEE Nt ol F B AR Ll G PIUET g MIHITE Pian"h el the sbove

SYydib@lssioh lfbr 188 phffke of ilRistrattinOPBE ohdept hly d8d @Chi?dntended as a
stream [0061] Conversely, if the phase noves by '
onkimitatian. of Inaprexticst implemeanations aEHVEs caPPIGICHES: et beriised.  For

. g f . P : he..Ph j
(il SRR RIBRC G GRS e YDA bl ol e ana
t WediBmoh RUGred AUSisiess fuiBeld shvetal GRinboR Wworth b€ A6l etloddver, the

stream [0062] e possible solution to the_above .
pr foblowing dassripties cetitiiung tenus®l et netion of an Elastic Buffer with the

understanding that a practical receiver may use any implementation that serves to

buffer and/or delay the data sufficiently.

[0064] The timing is such that the decoder calculates the metrics and makes the

switch decision after the detection of the current symbol is done. At this point,

optionally, the length of the Elastic Buffer is adjusted as well. However, the new

candidate stream is selected during the next symbol interval. In other words, the
- phase switching prooesscan be visualized as occuiring in-bct\iveen the symbol

detections, namely after the previous symbol has been detected and before the next
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Buffer (EB) or, nore generally, adding a variable

synbol s delay, before the stream 15 selection is
performed. In the case of a forward phase nove (e.g.
fromthe Phase 0 streamto the Phase 2 streamin the

above exanple) the length of the El aséli c Buffer (d'l.e.. hi
syrebalip processed.q Othey ymplemegitions 215PogH esiﬁfa&ﬂsffam% © switching
Conyer ' : t

FROKE RS th dhCnd 0, G 3epl FUBLARIFRY HORE HiheBer, such an
apsvsch e hicRase tHaedwa8 gidinméxityh evithoas tsignifRuahflg rimpsoving the
i ncreased by one synbol. 20 [0063] Note that an
dbisetieirquatitpiy manyeRrpetigel ¢a88% vari abl e del ay) is used

i e above dis Si on 4f P

I8hes0s PRPRg n PhERERCRTR Y G e b, such, st starup or
3het establiHiRd k @Bw Ik SnRedticndthe PRtk Batfa! hmay Beach an adjustment
vari ous approaches can be used. For_ instance,

tiawit] Inesuch mpsisseyahe beffes{secthn apeunselrield) amydraye fyBe fpreibly re-

|.tipl : d i .
Seudied, rByTHEIE piibin SEFTRR, SIBhFSHERR fePgldBhol Hbfagarion
fREARMEIATCAISEE bY Fbd Blhshi Buffey @Buhding Sgaitkrerhs eikdjugmardt limit and

an Elastic Buffer with the understanding that a
paesing oalltiple ceiove dugrty am deebility th pempenssi farghiptinged or dropped

sg_%lée .o bl%ffer. and/ or bdcﬁlrl?a%{m{ he data sufficiently.
(B AT WG LSHICY 13" ¥e decoder cal cul ates
ta[g?Ge(g[teTﬁé FScndinTak6Sest %rksﬁ%}" dSEt8 Gl decfineat bEthetHI&stic Buffer

ion of the current synbol is done. At this .
deigth belo30zerpt(i.ormidgpesttihiea negajtvis dslayd lee ag|iperement of the Elastic

f [ dj ust ed .wel |, t ' .
Jrittipnedh Belead Bamdiin enel® HENE oy hSE P RRR BP Bt e
Qho QLA A8t told(ie-RNAGEvAUS.t ThisREIR RSB fikéob@ay optionally be
vi suali’zed as occurring in-between the synbol :

delppitdloagustatdeel y after the previ ous synbol has been

ted and before the.next. 15 j roces
AOREA' Ty Simel e Bmen i it FEERRueS SRLREE R TRy denoted
swi tching can be done gggthe fly for the current
SEBRY) . a fixtd cattenmylue of a0 meayepe, usedc Farexampls; fercan EB,,,
may I ncrease hardware conpq exity without significantly

[ ' e [ el B\ dBoldBNY practi cal

céz?s)feésj’&g i’%%éff%?ﬁl%g%ghggﬁggttmgoperi od of the -

r (BO68]v elltcpnaively, aore £lubbrans iraplenieatatiups can tradkethe tendency of the
establishing a new |link connectiop, the giasti c Buf

e .
rilpsticBiefierdn oxentlost #rehie-copteritin ofder i RTQV eaa%f&,sp%%ef%r buffering
buf f.er (i Y, ha . . -
oA DR bbb BERATIN, BhufEkE oS 2 RRR: if e i o
| @8fmenfabi€ Podifives By @ffeeteardnths reveiver spmplea dagsi whind the phase
phenonena caused by the El astic Buffer ioun [ ng iall
b e mOeIREEa 8t Hieesamning: Bhag anayolikely drergvanFad idk potentially
errors due to an inability to conpensate for 2]
duphp apiiest the zetoagdimiy fbehch 4 caseathe boffeccansls repenteeed to 3
synbol boundary.

of the maximum delay in order to decrease the probability of reaching the limit again
and causing data error.
Overall Architecture
[0069] The architecture of an exemplary implementation of the present data detection
method and system is now described. Figure 3 is a top-level block diagram

illustrating a data detector 100, in accordance with an embodiment of the present
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[ 0066] The re-centering process works by detecting a
decrenent of the Elastic Buffer |ength below zero
(i.e. a request for a negative delay) or an increnent
of the Elastic Buffer Iength beyond the maximum

l.ength limt. In both cases, t buffer, | e h (i.e. .
BVl i oct<B1eg el TR ee 5 JB Pt AR AP o Dy i Fiter 130,
Vakddgh SRS 140 XELsR! BEEY: 12RldnaREhdidatl StreAH SRELHE] 30.
adj ustable. [0067] In a sinple inplenentation wth an

HO0a30] cTHBuihteningadi-timea ovengniplete datheld] iEBed it @attern Analyzer
cent e al ye of EB(engt6 nmay be used. For_exanple, for .
2HOdn %ﬁdﬁ%ka sheoingeming daja pyiasRy are applyzedol 8 PeyRRAsE basis, and
can : . ] ivel

el@ag%lr%g?dgé iS{r{%?rgsrre%\rﬂm;tﬂ%ntg é%g%@?;?%&é%ﬁ%ﬁ?@%%&gﬁc%e g?&I iied. n
t &akelitida, dsit ibtocBuhiyeprodocoaddifibrelvsacdng ef sidan irdormationnl 52, such as
order. to provide nore space _for buffering in the

ampbing Fhagst eyrsRations«@aling of panalizationomssygamenty eic.  The present

o3

TRORREE 5 b L O <BRE 1A F iy BB o RS PLEY
ofoortie A resirifng peaphasetrhdricasiahRghdrbiaatermyo talkee yavbmetrics”,
advanced and potentially 25 bu agai nst the zero
ot dyrthar irecesyed by Medricsalditter 1 HbsqaR Pefupprgps gort-term instabilities
B EREH R s Bpd ol L TUR LAY 4R U 1R, gecr 100

amdgenatis agmPat ® RIlloty stabMekalds iAVthd chagt Wwiahe @@efliate streams’
The architecture of an exenplary inplepentation of the
pluadign tingeadaoeaiectingdhe sBEAME OB ddPesmBgkbasts. | Shigdgybecause the
[ ) -
CFRGL DeoaNGE ik b rabBRoA S AR B8R, and cmps o
aftacknibechi sTef pesynhthe tasie xRAtwith Syrhboledte) aiy daBdederroneous and/or
detector 100 conprises a Pattern Analyzer 110, Metrics
FrpcgessayGireamsiaighingw Ehedptries Biltepl éé blogk pggamaplisherythese goals

a ' -St.r . ] hhagomM ng

CY AR AL il B B Sy B e B etk 1067

Ajtal73E eOncel the. méthict Birsarkd Bgde, béddnefiltared apginafdraalso referred to as
patterns are anal yzed on a per-phase basis, and .5 L

canakerit meticrl &t Lopoaksueetien fek Aersell orSterak 8iteher block 140
e, 'hcéecﬁlrgg .vﬁ{i&ld yt]‘fgaglz tcl Qel@tgfjl §ﬂe SM} Ier %(?c%(liﬁa%lio controls the
itl S eln :

produce a ona reans of  si ormation 1

sleapthast the Bfstic Bufiiiralde ipsdrierdol aljst tigubhfifdrihgodelay in the case of
equal i zati on neasurenents, etc. The present

dfyaelnd oundary crosping e d he sandidaie strepm selectionylataris sgf by the “Phase-
[L6S,; r - [ ] . r S )
rotrbc i 3 o e Ehoio OHer 12D AP vt i B B B> Symmbol
nBéle¢tCSignal M. are further processed by a Metrics
Filter 130 so as to sugpress short-terminstabilities
[0073] The Elastic Buffer block 120 delays candidate streams by the amount
specified by the Stream Switcher 140. The L candidate streams are delayed by the
same number of symbol intervals. In a practical hardware implementation, the Elastic
Buffer block 120 can be implemented as a multi-tapped shift register shared between
the candidate streams and an array of multiplexers for selecting the appropriate tap.
Other implementations are possible as well, such as a shift register of variable length
for each stream.
[0074] The delayed candidate streams are applied to Candidate Stream Selector

(CSS) 150, which retains one of the L streams and discards the remaining data. The
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of the netrics values and exploit intrinsic coherence
of the netrics. The detector 100 in general attenpts
to follow stable trends in the change of the candi date
streans’ quality, instead of selecting the streanms on

b
bt KB ag sty % et k5 SEeub oy &5 MbfSeror oo, An
Sinhgtint ﬁﬂtﬂ a@%inﬁﬁbﬁs E@e@t’f’of ﬂﬁ:ﬁ%‘e&eﬁ? M RAtEn REfHeSMAPBF feedback
basis (i.e. with synbol rate y cause erroneous
alegpopin the nneaﬂsisar:tpr 400 erqml@yt t1thins fagthtétbaatu@hlmpamélel detector 100

LREIPREELOR @R PR FP (6 atlP B Sfebl BroteT figh-spedd operation,
glheh gehhcob A0T2) %tcaqldtmghaet rics streans have

been f|| ered erelnafter afso referred to as
" PaldkemdAnalyreri cs), the L cooked netrics 131 are sent

t e Swi tcher hlock. 140 20 whjch deci des whic
sfqﬂgéfn AR ‘izc‘? a skf?@smasmm chiEptramge rbelR@tteansénalyzer 110, in

t e éﬁhst 'LVE}.E ahcn luuﬁénttog %ﬂ%l%génlt VEH{l:(garg rGT%szﬂcbrﬂrP%"cfg?z[ samples

bmﬂnaiarsyntcmti:sthﬂg?tegTiter ZEnhiviiag & spdcifeaindee). eThd sm&ctaé@ter 210
is sent by the "Phase- Select” signal 142 and the

Eisdorg %noeahteholslzbmctem;ﬁsmh@rem:s sent by the "Synbol -
Select” signal 141. 25 [0073] The Elastic Buffer bl ock

120 del ays candi dat e sfmeadsH\usth¥anbunt speci fi ed

bg{éjt hg Stream Switcher 140. The L candi date strea

at wessired wht Ruer-saamRling fasier. 1. &thp sumbsr ef LatlsAhead LA)

In a,practic har dwar e ntation, the
e Bfaied 1 P@‘a‘ﬁmoan?l%te t BthB g ¢ f?%tb pislind (LB)

ghared b h
R R S AT s e St
bl
g, o ERDED L S0 GPL DGR BnR 3 FHAS pacm
f aalysic (i.estorealA hikD6A¢ D esad@le )i iaandingadeRissdn’ €@dBack (DF)

are appl ied to Candi date Stream Sel ector fg d% 150,
mﬁﬁnaﬂe% ethgiShift Beaistsr 20 f@roduses & anmplendn pirsbelr ddowener, while this

ﬁﬁbﬂblg&egﬂ)tl em%fg%g P@{n% Sfé tRse% s?e?@iggxpzﬁcgnﬁ{éto%e}at n easier

out put data“stream

| p ondeastindg tha dvgrkémgantichsaap goksible. t er @Xeﬁﬁ;ﬂél,t parallel registers
n gntlon is the lack of feedback_ |oops in

ayltiglerers can be yeed iofaribiye ramile progessing at é@a kvhighynight be

tec a‘F)logy éﬂe a qtéﬁta&dlt\%%ﬁxg ga%gggﬂ ope&%l zbn Qﬁ'gptaon

S[[mm]aSFrargﬂhb iShifs mgts@krdmatﬁeadaﬁﬁat@rm 1hdrg Rext. 1o BatdrRf of Pattern
Ana zer [0075% Figure 4 is a block diagram
i tﬂftraﬁ Frgnts 40, P%lot erZA0ARaT pupeses pd clarity, oabctbe disxidwo and the

V\ta'sﬁeﬁfe gﬂ@g&mgmgﬁts tageshgw%siﬁ @‘tlgurgx € %tac':ﬁ)ﬁatte:-{tll1 ?&nalyzer Element

i ncom ng
220 ... 240 observes the appropriate collection of samples presented to it on a per-

symbol basis, and estimates the most likely detection value as well as estimation met-
rics and other side information (as required). As a result, L pairs of candidate values
and their metrics are sent out on lines 202 and 203, respectively.

Pattern Analyzer Elements

[0078] Figure 5 is a block diagram illustrating a Pattern Analyzer Element, in
accordance with one embodiment of the present invention. An incoming collection of

atotal of L,, = N,, + L+ N, samples are received from the Pattern Analyzer 110 on
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201 are sent into Shift Register 210 having a
specified delay. The Shift Register 210 10 is |long
enough to hold LSR sanpl es, wherein: LSR=2L+NLB+NLA-1
and wherein L is the over-sanpling factor, NLA is the

nunber of Look Ahead (LA) sanples reqw red f
palmf'eﬂw andapplied anpw inpittta dapkndrriable (dék) %b@n A addition, the

CLigBATBR 0, 3 RS AL BB e Regvr 32

| Ni§upA&ed oh @pélh@nﬂmam@lea@ﬁ;e@%r detectotycleanpl i ng and
5 sanples pattern anall)%sm (i.e. one LA and one LB

saﬁ@ﬁﬂ%] The tLopk & Balrleg 3 e prodiuees eftéfd% afk 3 brR)metric “M” 311334, as

S S5 AT PRI ook
enpgle MEMtatiBé DEplSiehted RSHsSt Réad2@91 rlﬂ&ﬁﬁryt (R&OM) or usmg random

operation easier to understand i npl enent ati ons
arlegiso sEliebtandidatsr vabueaipT 812 pﬁas:talterien Rreggteg 3@Pstode yged iuring the
rrultl%lexerf can be . used to facilitate parall el

priJeESHE R B PEAL Y Wi ch ni ght be necessary at hi gh
dafrpstidBasgter and to reduce conpl exity and/or power
consunption. [0077] Fromthe Shift Register 210, the
salfBeks Figitc &rig a bbovk diggram xuumymgthd%hastm Buffﬂnlémyzeaccordance

or R e SFPLEGT Hirubienint eofORaR Bl Phoh Gotithte streams arc
El QEBRES oA life 30PWAd SIREH %tﬁ @n‘hera F%@L Rattt Régist‘éﬂaimz ao ..
El ement 25 220 ... 240 observes the appropriate

codm e qer-symbxf besisp Ith@enpﬂl@mntrebot" delayt signal 40pcthe apynepaate tap of

225k SRICREBHATE S, TR i Rh B3 Lol S of £
' nﬁﬂ[t AePY4029 56 equﬁﬁefﬁw oﬁﬁmﬁh 4asubt ... UePaF it Miltiplexers 440,
candi date val ues and their netrics are sent out on

| i #Es..2860 aondprzﬁ&; collestien of e cyndidadge stesamsApprirgpreately delayed and

IE : ?q[x}}ﬁ PWaYlg glﬁ,{'ig tdé:{;%ur e‘lﬁsxglei:zjié}t%gg lgﬁ@éﬁéﬁ%ﬁﬁl%er 120 are possible,
acGRINOANG Sravdifel 1@&?&@9@&%}{% b&lvebd) Ghd) 172 S8RAms usin S appropnate

i nvention.” An inconm ng collection of a total of LPA
NLBulthexerS\lmﬂot‘balmlId@gnplﬁmenwewed fromthe Pattern

An zer 18 line 301 and applied as an i nput
tog{% ‘%&BI e (LUT) 310. In addition, the

. prms@pslméﬂsw dedy HRRR HakHe %ﬁasﬁaﬁn%etﬁels&e&d [SfcBer 140, in

25

30

Regi ster 320. The Register 320 is updated on a

'p eaccs;dahoe vhithsoms, embediment ef pler prbeent dovention.c| Apprppdately filtered

e R e Mg ot 1. o ok
i nfrféfrﬁﬁt 3r@Send I3aR Ry RRASRratSOSR) {vERhIBMpaRt Che fﬁ@@mmg metrics

Look Up Table 310 can be i npl ement ed usi ng a Read
Onby alpbm;mybc(l Ba¥) amd deserimigeswinidly one bhihed, caikidate streams currently

g: %sg &1&]}\«/3 r}g(e}lhq_pd (?flbzeililgscosr}'e%{. eﬂm tlhg ere%g Itsetmq)rodg%gnt tthe lower the

metric, the higher the probability that the decision is correct regarding the candidate

- value.. Thus, in such a case, the Comparator 510 may determine the stream that has

the lowest cooked metric. The number of such a stream is sent to Switch Filter 520
on line 511.

[0082] The Switch Filter (SF) 520 performs linear and/or non-linear filtering so as to

avoid switching the candidate streams for small short-term changes in the metrics.

This generally improves system operation. The filtering algorithm is dependent on
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processi ng of the next synbol. Elastic Buffer 10

[00801 Figure 6 is a block diagramillustrating the

El astic Buffer 120, in accordance w th one enbodi nent

of the present invention. Atotal of L candidate

3bF SOBOTT apt FOHED, SO B MOl L B BPatapive
RetesiIaRe! whshvell iVisel & Gaat L9 DVIHOR P SikRBRhtions). For
402, the appropriate tap of each Shift Register 410,
438mple, s#&0n iswitskihg chue te ipna oolyr whaptmdlifigrenest il moffrick between

15 mul tiplexers 440, 450 ... 460. The outputs 441, 451 .
e "Cirpnly d SRR BPOxUP PR 8GN 13 OISR B fotpecified
W@ﬁﬁﬁéﬂogﬁde?ﬁném?%g&dat e streams, appropriately

an

efraye ent out via signal 405. O her
i j0p83] merteaturtonsly ofetdrhiéndd emididatBufrdamn sdi2tonr®hase-Select” is then

i bl e, h, | lel | ' d ...
et e 4andichita SuC Socisgonk 150 6% 1in 34l G efditon, the
(o8 eler B APLTRR G, BT BUIFCCHRIbIGIFRQ 530 The

FinarnBSiert Chstfollked 3301 obseraes teckehangeswint the calected candidate stream
enbodj ment of the_present inventjon. Appropriate|y

fand adiess theclartisaPuifen delax ifyihe seleption grossesdhe Fyho! boundary in
35 158 O i A GRS i e

t 1o dmieed31g netrics 25 on a per-synbol basis and
determ nes which one of the L candi date streans
chlastie Budfer Epatgoller hi ghest |i kel i hood of bei ng

C b 1. i t .
B ighd 405, 00F AR ST IAIRIL el W Ot 0.
| secoRah@Cvithagerahbvdihéie ofaheliptatst invaltion. - THhpoposdead candidate
such a case, the Conparator 510 nmy determ ne t

he . .
ettresmnTymRer TRhasct RAL [ Ressived BRBCS Wieh FHlior B0 Hishiseselayed in

o . ; . .
oheBHEDG SRR, B el oML G B8 oy e s
| nitA6drs Bdbtemimed by Subeattot cirérdt 62(0argloA Blute Vahwadigtuit 630.
switching the candi date streans _for snmall short-term
c 88k sTherabsplateralpe of the splgciorgliffercnrs ¢ theserh i line 631 to two-
system operation. The filtering algorithmis dependent
Ooway Centpaet@peilavhivhadet@minesomnetintr thStifferencadngieptee iran —, i.e.
schenes such as fixed or adaptive threshol ding work 2

i . VI ' i e
UShler fTBIOAEE3 SAMED i L (B RLEERPLoLLG0 Edniion i
t Aegdtd fdnelienes , ienabiliticr the adjustnvee iof tlidealaelinr Balaly yAacsmailator 680
stream and the Sr oposed streamis bigger than a

spéthithg elp of e At ardblependent val ue.

[0086] The direction of the delay adjustment is determined by two-way Comparator

650, which determines whether the sampling is leading or lagging the input data. In
the case of a boundary crossing, the Delay Accumulator 680 value is incremented or
decremented, according to the results of the comparison done by Comparator 650.
Re-centering Logic 690 checks for out-of-range delay values and resets the value of
the Delay Accumulator 680 in such cases. See above for a discussion of the re-

centering process.
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[0083] The currently determ ned candi date stream

sel ector "Phase-Select" is then sent out to the

Candi date Stream Sel ector block 150 on line 521. In
addition, the Phase-Select signal is also sent to the
El astic Buffer Controller (EBC) 530. The Elastic
Bufdaprtivedrechuiques and Bxtriiactieny oEAdaptatinn®ds i n t he

S ed candi date stream 10. an h Us he El astic ..
oD S Aol R i SR ARt Rd boting e
bapasy rél‘fhbil?c?)’qfdﬂl%eiﬁ&drﬁiﬂg OWRE sHHPIEE HatzABRH afd offer ways of
necessary delay is sent out to the Elastic Buffer 120
orimipleneenfia g addfitiars réceivBus, fhere o fntlsr steps VD38 4Rn bt tplerirgorder to
is a hlock. dia millustrati the Elasti.c Buffer . .
s thepdapind bvors! Shcior itk Gy WIS ESmRIonRrailple during
of p i t.j ; ' :
QLR ARSI HILEY R QIRS AN G panmcts i
Fidrtierto 5thea dpiose del evgeadl link peRognateer 610 by one

o807, Pistnedhrir oReAen Sbpe GEPRRRCRE L Htips gryze the dat
Cl Jaﬁ'%%és %z?l%g‘lsad?ﬂ dﬁ%ﬁ@)'ft W Estiv@e g(.:e?' &) theGittn stre[aﬁp%lhe, as well as

The ut e val ue t he sel r difference is the
segtimate the peliabity bb tHevime2@d datp vBbrep dt &t mssiblkeCp ewtend ithe detector

det erm nes whet her the %:_ffagr_egce LS rea{.l_gr gﬂhan 2 B 1

i .18, such aMgerastip gFiBHE AAdfipngdAntoraghn foouh fhg dply strepn. - Examples
S RGar %9;2' 5¥thé 599 shifiplel A29A8Es &g the filtered
Ii()iﬁgﬁlggi%% ena Idl){ehg t gfgggﬁaﬁegt rre%]?&nghltﬁﬁg’val ue in g Hlo tere
Dedsaiynafctouidjiisathe stafi8 Phassioffsett dféhdreinplefin Alddr amasmégihe offset.

and 670. [0086] The direction of the de| adj ust ment

i sThyss dbsridatag ﬁ?t%[%‘?/‘fl@oﬁﬁh gt igppro E%de&uﬁﬂ& ¢ amount of
d LBESinGR! pRWpdtferdsead Hidge of th

CEURHILR 0 Sl A2 g o001l of e
t hetatideplaye Hffsai iaipaicnillyG8®, i id pessible toreffeetineaty trackoand eliminate the

decrenented, according.to the results of th ' . .
c ophipas iodbt. Jon exampleoTig svaie é%fwaf?zélfc%ﬁﬁ'?@m A SY gy eptirely in
69 K 1 dpi h@¥xMAIH ©F aR Aai®e eéchnique which
thgﬁa?%e%g?%ﬁ?%&bg{p%s%%ﬁl at)c{)r 80 in szll}{:h c:asesq.ueW ¢
Seeandizaised fnoan avegisaapled rawivef. t he re- 30 centering

process. 20 Adaptive Techni ques. and Extr.actig

. Qf .
AOGBSL | Bn 2Ad0an [ ©0the) AURHE| KRBT OHEL GRS P! information can be
enpagl f 86 Q! lafRist SRSKI Y of@EAbodiment, th
de ectcfégnr“y?tegidaegj‘laﬁrsféhggtl{tg éi&iglglf:)%d%ﬁﬁg %@gr-saﬁpl ed odiment, the
daf@tecdr eamfarng aof Estimat@yd the chianmd] eresprnisedengliagyyi wmalyzing the
receivers, there are further steps which can bg ta#en )
i nmiigem @pd/gr ayerapg symeobwadh G tHEISa0t Hte BrmBEcHt Samples per

q exres . . \ -
d:%}gl%d)gi' e?%éf gﬁé Je! Hét@étﬂ%té Z%F@‘ﬁﬁinlbabbF &b "h?mbg;%g(l‘e. symbols

r ocess aird usting recelver an r

25 t r il édrepriseafedREtleans L Bamples, wherein L represents the oversampling

30

factor) may indicate that the channel response is not properly equalized. In such a
case, the detector can use this information to change one or more equalizer parameters
in such a way as to reduce the number of narrow symbols at the input of the detector.
Even though the detector may not necessarily be able to infer the sign of the mis-
equalization, i.e. to infer whether the channel response is over-equalized
overequalized-or under-equalized, the equalization curve often has a well-defined
minimum which can be reached by making small adjustments in both directions and

determining in which direction the overall equalization improves.

21



10

15

20

25

30

order to further inprove the overall |ink performance.
[0088] During their operation, above enbodi nents of
the detector analyze the data sanple patterns and
attenpt to estimate (i.e. guess) the data stream
value, as well as 10 estimate the reliability of th

{0993 Jor aather ombodiment, th% d%%t@t PRE attgmBb i o the overall data
detector i.n _such

SRR PrEEt: Toheapic & falg PHE R ANpimpte the data
SalveTRfidbM ileh enmnmdcelstaabaﬁgx pnfobhlbiﬁt)d@ﬁ the 3ANRI ingasorrect, the

well as using the filtered estinmate to adjust the
sqaahzaum aate boftfaded forf a reductonn ghe oyt gdnaise. In other words,

= Suf bt amavavan i e R AR st apogpe of 5D,

]v@le'ﬁnﬁg rrfoﬁ'd%ﬁe)fmhﬁstib’]ﬁtt&f aﬂmérefr&{uehéyeoffﬁémls Smifl! ther ddector may
Since the rate of change of the static phase offset

idetege ey ddth wnﬂoa@ceptablesreb@bhtybe@nt 1@ the fpéwmﬁepﬁl miy-ggyelization.

d £ f
213%4% ﬁhg@t{kﬁgéﬂs FQﬁgfaZtséF g%nygt p e@’éﬁ‘{fg 3, R’ %?de? 96 reduce the
an“‘% Esporls fengdp FRAERI RO b %ﬁﬁ%t%g ﬂ&treép%ﬂs@xmbeamﬁl of the

ptrve technique which "~ can be used in an
agaalizanbk edcaeranye nnst@ﬁ $vo0B 8ais¢ enbahgemeanandkegpethe channel

above exanples, ot her es of. information
erﬁﬁl?oélé‘% E{? surh 3yease,d 8,0 ?Yenla tﬂ gptﬂgwté?thogﬁlg%verall receiver
Ao t e i ﬁ%ﬂgﬁannepﬁmdat@n o QEse&Ip@fat@ }BmipBhdhtA(such as the

response | ength by anal yzing
tdymalizarhi num and/ or average synbol width (in terns of

g@ﬁgﬁjﬁgﬁ%ﬁérf;%gp l e%gg ! (glp lé)lrlngzx chor X%tm(l)%ram of the symbol
H?m n ﬁghséé"‘ﬂ wd&ﬁﬂgﬁlbﬁ %afr@%eiyﬂﬂw CELUS@@'H?' Bfs-equalization from

represents the oversanpling factor) may
i fadtosatsgntbobst cmh;ed chrarmtisdr faetporsueh iss froquepey p@ﬁfﬁ}ey and/or non-
equal i.zed.

t.h tect
i Seierminieio phes T fggmgﬁg&& Sifigs 0 Seliaried 49 auiif“a?r%é Rhfan to the
ngé{f?xfs]axgttﬁ@'\éfcﬁé a{rﬁlaﬁfedi%i: Gsd anhd use&iodf ﬂlﬁf—&ﬂ%r symbols (i.e. in

the 1 nput of the detector. Even though the
detdetetzmll feayibavirtarclitcetise); ol varibly efblate-assistest edaptatiensnefhods can

o e e s ek b GRS i o
ug1d Fr[oa@? th L AfsthtiohNEit£ GdRdsi GaAlH ANaGbikaR iatdred ihas DEVI or HDMI

d mnimum which can be reached by naklng
s implementiatist)mEnbse iar inoteh catididate |Sn'n¥naraad gt dafente guse such

in which direction.the overal ual.i z .

2& yehtgRipR iAo dncsarais SRR oih S‘PIFﬁfa;? glessing the
£1§E§3tm fe %{rﬂhﬁeczgﬂl'ﬁ’de{%é’ %ﬁ@!uhs datéee ﬂhﬁ@ @1k 1§9possible since the
er

ormance. For exanple, as long as the detector can
e&bnm]tted tdat plttean iv khoen rtel thalskigctor,. derehy tamabling the detector to

B O RERR A0 L, Sl Kb R anor nvata e
r?ﬂﬂéﬁgon in the amount of noise. In other words,
[0092] In other embodiments, the detector may use techniques that are based on more
informative metrics for the candidate streams. While single-bit metrics are typically
used in non-adaptive receiver implementations, multi-bit metrics may be employed in
an adaptive detector, making the estimation of data detection reliability more precise

and using minimization of cumulative metrics for a selected channel (or all candidate

channels) as an adaptation criterion.
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5 even if the nunber of narrow synmbols is |arge

(i ndicating substantial anount of [SI), when the
non-determnistic jitter and/or frequency offset is
small, the detector may detect the data with

ac eptable reliability even in the presence of

e%ﬁf’éﬁ vs Decision quﬁgﬂ%ye%t%&ﬁﬂm@ the equal i zer
t . .
?]It TOli B eatd 4o ng ¢ ﬁé E}?)Bb%d%d [vett cHnfhes gtn eggm%)ﬁjéy decision

response I exa y adj usti ng

r e&pdh‘e&k dafardetdeng atill e mofw dBerildl. eAlddscAdBEd aole in an embodiment
recei ver may instead avoid noi se enhancenent and keep

t h‘éf 'R &RISEIr, an@aplyRs dable fiych pr TableH) sathe vsedithgrovide data values
PR SRR AL e A B Gy RNt o

seme@m bR ahe alstdtioncdtitasord Ra mifmah Fedrdd nleB8Malue (over a
In another enbodi ment, the detector nmay construct a

hi S¥@Hr & hsesration ewinglawe| for fsmnelﬁgimgyrah@lshﬁy the selected candidate

T S T T

10

15

f riggpednsy @bkhbaE ancder td1eer théednIRbinacciiilddiPRtrics. However,

jitter. Furthernore, since the estimated data value is

kradtheuglo suple 2 srbicmet wighi notkhwieB eoaginfer cettin dpphcations, more

t- orsmeS(l e. in a
de?laa}%?tg%{)ﬁ%% ﬁ{arat?g%r {638 re), a variety of
da[069ﬂ5 Fos Eﬁﬁnﬁl@ aipt el @RbIIRhBRAIM sdItictDtoPRetrics and data values the
| enented. As an exanple, in one enbodiment the

fé@ﬂblﬂmweres@hlﬁ may anevide phaty inferynstion osi \zdl a9 maIIaWaSymboIs
t t
o oh 8 ol BB b8 b 4 o 1 iapk S gpsce herin

o %&N@Eh@ﬁt}ﬁﬁdwdﬁ Sondyl e firSym¢ank ﬁﬁlduﬂﬁl% taBfeois féﬁﬁl‘l&ﬂ% provided.
to separatﬁaéoestlnate the reliabilit guessi ng

v alhespopnd f the tableigaradilymgodiaed by trrveﬁmg the\pattern higs as well as
| Ie since the 25 transnmtted data pattern
Eda%m%?%i e detector, thereby enabling the
detector to discover |ncorrect guessing sinply by
observing code violations and/or invalid sync
patterns. [0092] In other enbodinents, the detector
may use techniques that are based on nore informative
nmetrics for the candidate streans. Wiile single-bit
netrics are typically 30 used in non-adaptive
recei ver inplenentations, nulti-bit nmetrics may be
enpl oyed in an adaptive detector, nmaking the
estimation of data detection reliability nore precise
and using mnimnmzation of curmulative nmetrics for a
sel ected channel (or all candidate channels) as an
adaptation criterion. 22 An Adaptive Decision Feedback
Det ect or Exanple [0093] To illustrate sonme of the
proposed adaptive techni ques, an exenpl ary deci sion
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5

feedback data detector will be now described. As

descri bed above in an enbodi nent of the detector, an
anal ysis table (such as Table 1) can be used to
provi de data values 5 and netrics. Wile such a table
is sufficient to build a sinple adaptive detector as
descri bed above, the adaptation criterion is a m ninmm

teredraetyics et a rtaigL0bSer
Patfirh g ow PSP ‘é%('léenpr‘@h%o é%ﬁ& s)va?l%r tﬁgagsel ecliéggﬂn%mbers
oooandi ddte streanf The dBtector® may fdrther éWFenpt to
oodflhust (the channel equal pzati oy and/ oro i npedasrce
mat ching in order to get the snaal | est 0a(:(:urrul ed
00824 ric?. However, 10 altflough such a scheme right work
oooeh! enough for certain applications, drore &lédborate
OO%EBroacohes of fer Qetter rgsults, [0094] For exanple,
I'n"one enbodi ment, in addition to netrics and data
00pabues the Pattefn Anal yker table nayzprovid%ﬂbhase
odonfornmefion as well as narrow synbols oindicagrs. As
reviously described, please noée that,in ord to
0@bAser vle space hefein 15 'as well as in har dware, only
odibe firest half of othe fololowingltable 3s expl¥#&itly
O@B%Vi deld. The segond half of the tablg is regsily
roduced by inverting the pattern bits_ as vveli ?%s t he
odétlect el val ues. 23 Pattdrn Prebious VAl ue Mel¥i%c
ofbase Value Flag Rattern gwunberg 0 00D O O 01G520 O
0/63000001001001/_2 0 P00 1 0,0 0 0 9,2/61 O
093¢ 1 10000 3/60 0001000 -1124/59 00010
0011® -1 1 2 5/58 ®001110110606/57 000341 11
08@ 7/56 0010 00 00 1,2 8/5% 0 019 O 1 Oidmd 2
&4 00101 01002 10/53 QoO101.110 ,&11/52
0ptlg11 00 1 -1 1 1 12/51'0 012% 109 0 1 1% 0

0@dely 1 Ol -1 1 0 /49 1 1 2 16/47
01001 1 0 ; 1 2 17/46
01001 0 1 0 0 2 18/45
01001 1 1 0 0 2 19/44
01010 0 1 0 i 2 20/43
01010 1 i 0 1 2 21/42
01011 0 1 0 1 2 22/41
01011 1 1 0 0 2 23/40
01100 0 0 1 1 1 24/39
01100 i 0 i i 1 25/38
01101 0 i 1 1 2 26/37
01101 1 1 -1 0 2 27136
01110 0 0 0 1 0 28/35
01110 i 0 0 i 0 29/34
01111 0 0 0 1 0 30/33
01111 1 0 0 1 0 31/32

Table 2 — Adaptive DF detector patterns (L =3, W =5)

[0095} In Table 2, the narrow symbols are flagged. If the symbol is 2 samples wide,
the flag value is set to 1 (e.g. see pattern 0 110 0); if the symbol is only 1 sample
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0011 11110015/48 01001 0011216/47 O
100110112 17/46 01001 0 1 0 0 2 18/45 01001 1
1002 19/44 01010 01 01 2 20/43 0101011012

21/42 0 101 1 O 1012 22/41 01011 11 0 0 2 23/40

01 011 24/39 0 110 0 1 O 25/

oﬂ £ %e flag valug bgges 2 (518 56 patiena § 091 9oy %eraim flag value is
ésﬂ)lgg/&_’ 01110 1 0 0 1 0 29/34 01112 00010

30/5 J¥%1 1 1700 1 0 31/32 Table 2 - Adaptive DF

detector patterns (L =Fug W= Smbd/Bagbl | n Table 2,

the narrow synbols are flagged. If the synbol is 2

sadi#pPels Thieddaptive reeravdr|uags thel filtereds flagst frem alselasted. strsam (or from

pat 'er . 0 '|ft nbol ..is only..1 le 24
i Shideed Syl enBGeTRiR riceTog” " DbUOHIRY Bl can be
O)adjﬁﬁecg@rﬁﬁ rtl?é ﬁltér&? ﬂfa @ﬂué’saﬂ)éé%rﬂesmmﬁﬁ:h A% QrldW: corresponds to
Flag = L - nbol Wdth [0096] The adaptive receiver
usgmdt Hmflzbnﬂat eyecapefilnggd thia mputitostbe detaaltestar @adntifusrindicates good
from. .5 all candidate streans) as an adaptation
crfBEFH9N ont i onal |y, the equal i zer can be ad] ust ed
nfﬂbb'it Mhe PHabEEREmh | aE palste o Q@@ﬁ@y%ﬁip@ﬁs!ate it iphase offset in
cond |t|on corresponds to good horizontal "eye opening
atthe sempleput Faranstimeeda fitestdtphescovalan@ucihasa i:rrcd'iir@a\@mge) can be

good uallz 009 Phase columm can

& aaaatqa bilie i e rnnll™s o aing S bR et pifer tqpadiust the
t r%%lr phase with &es?@&tté%%cov%réd Hb&F SARNARE. 1Y éqﬁnge (i.e. up to
(such a a novi ng aver age) can used to driv
denayinkl senpler speeinghnplPreferably,| thekinfogmatioh drons m $ebected candidate

or d%lcs) uzsagd t%szatdaptE]vely adjust the sampling delay until the filtered phase value is

as close to zero as possible. This state may represent optimal sampling, a condition
which can be further verified by reduced metrics values from the selected stream.
[0098] Figure 9 illustrates an exemplary computer system 300 employed to
implement an embodiment of the invention. Computer system 300 includes one or
~ more central processing units (CPU) 301, random access memory (RAM) 302, read
only memory (ROM) 303, one or more peripherals 305, and primary storage devices
306 and 307. As is well known in the art, ROM acts to transfer data and instructioné
uni-directionally to the CPUs 301, while RAM is used typically to transfer data and
instructions in a bi-directional manner. CPUs 301 may generally include any number
of processors. Both primary storage devices 306 and 307 may include any suitable
computer-readable media. A secondary storage medium 308, which is typically a
mass memory device, is also coupled bi-directionally to CPUs 301 and provides
additional data storage capacity. The maés memory device 308 is a computer-
readable medium that may be used to store programs including computer code, data,
and the like. Typically, mass memory device 308 is a storage medium such as a hard
disk or a tape which is generally slower than primary storage devices 306 and 307.
Mass memory storage device 308 1;15’1y take the form of a magnetic or paper tape

feader_ or some other well-known device.- It will be appreciated that the information
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sanpl i ng phase with respect to a recovered cl ock

wthin a [O.Ts/L] range (i.e. up to nom nal sanpler
spacing). Preferably, the information froma sel ected
candidate streamis used to adaptively adjust the
sanpling delay until the flltereg ghase val ue is.15 as b
retasaas tvaithiar @eagn&]@és%lﬁ’é]l"@’ deics 3PSt WaYmy? r B, ft cases, be
opt |

R T B ??%ﬁ*’%“ﬁpmé‘é"F’ect ed

fioveprapUd @@Q&Je aﬁcgwllgle% th| ol Bk hadre snpaw'oetpatidaces 309 that may
conput er system 300 enployed to inplenment an

chud athareonott hr@ltﬂmténd@‘m?s S@éhﬁ@t‘é@e%wgﬁﬁsséf@* balls, mice,

oS e nes TR SO A RISE RO HILES HRH) magnei
HP’[S%& OV 33 ta‘tﬂé‘@ Sty 1uRBN, 6rofk& blphﬁ[cairrmr@Ofc.cognﬂers or other

primary storage devices 306 and 307. As is el EP%
wielltknevar inputRvVices secht a5, of epigse Pt}@aFQmHW&fSI rféilfflb’@ 01 are

t ! 1 CPUs 3
Bkl s contimghapd iy 2 cammpintyor et tclfors ok 304,
Qﬁél{jésre?&i%itﬂr@nsmw 1inkKCRWInt3fhkt Woﬂ@ﬁ&irﬂh{rymtt metwtdl, using a

any nunb of processors. Both primary storag
e’iewwccrle soﬁ&@tlam ds gomvmeasnerailyl aide4anVitls @nob@moguggmcatlon link, it is

§9’gtg r?f{ﬁ'l‘ %ﬁi/gqu%d?@ gﬁgl}s{,gr@ger}%%r %!ew e Ll'i[ﬁ}( from the

‘ﬁggﬁlrﬁdmb KPR Mtib® oCEUhe ik ibnﬁie ﬂfeﬁﬁdﬁlﬁaﬁ the course of

t ona ata storage capacity. The mass menory
gerforaingOthei sbavestsapiltedr OVQréa@@ ded#ﬁdﬁee‘?ﬁtloﬁaﬁn% trggsmission

gf?Fngt }$glc tl;{trge gt;x%ig (y%rm:‘ly egumgll'en R%lﬁrﬁ)gew Cc@.%gg% ofl ﬂ{sﬂ'uctlons to
YU th PR HC3D 128009 HRaEELIRRL ﬂd)]ﬁ kan@ loutputtad €o ﬂi&lr&hnork for
J

general 'y 8l ower than prinary storage devices 306
aaxdm@[b? in thva$ermmefiar sonspuseradasa gianak emBodieddy a eardcn wave. The

TSRS o TR 8 9800, 1 100 i
'd?)fnﬂfu‘f@tﬁaﬁ’&kvar%%ﬂw adb ! Wonhi@ Y& BBOREcEivie \vne &r more

in appropriate cases, be incorporated in

sﬁwndaniﬂeﬂ datai stams apd procefseRARMBEODTeY (9 ri¢<fq95|traﬁ@ﬁﬂw§l symbols

5Bk Shof 325 SRS S5l SBif st v

n@f) i)ﬁ tﬁgtrﬁ&longe‘fdrc %rfﬁﬁﬁi'ﬁga%udh deeeption) t@tei;tlohr ami(or other
rin m ce, 5 keyboards, m crophones,

tmcdfssmgrmmw o storedyis, the RAMAIZe ROM 393, pimapysstorage devices

t o] tyl
e S T S
Pﬂﬁﬂ deﬁ(g%%?n% UgdycABed Qfmlﬁ‘d@l%&ﬁs of B¢ @oemitnerase provided as

01 are coupled to a conmmunjcation |ink
orlluatrmnmp ahd rdesariptiohe c Gy aicout |lmn@,dadetpmlk theoipventiqpdly precise

t | i, nk t
oo rsaribedn A KR and Sepofteiady B Bhniat 1B ML br above
IS I{%%émngég %lﬁgq{ tyiat id@AdedWhhD tHRUEBp& of MYRHAGE bl BA limited by this

Detailed Description, but rather by Claims following.
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contenpl ated that the CPUs 301 m ght receive
informati on over the link fromthe network, or m ght
out put information over the link to the network in the
course of perform ng the above-descri bed over-sanpl ed
d tion and/or transm ssion steps. Such
gﬁﬁcﬁﬁgﬁﬁh which is often represented as a sequence
instructions to 15 be executed using CPUs 301, may
be received fromand outputted to the network, for
eXanpl & method fier reesiving flata ovempdigiial ttpétﬁ@%m@dmk comprising:
enbodied in a carrier The \/
dovi ce L gihe AT ot e S i PP ST a6k gpumled

5 SkidubndebitshRbosOiNB Yefienbd fhwaipe:s 20 shpEiding \Werlret kits8econd sample
Conput er system 300 receives one or nore over-sanpl ed

d sfreans agce Heg wradifirst avkseserd Phﬂé*m)f the @eqi@ncq of wawinse
t tt | s, 20
dg? giin Idgtﬁe g]?s? %qs%sgpo%f %@ﬁ’fi Z’%% g g%dopg g%mple streams;

ahgye. Conputer instructions for perform ng such
reception, detection and/or other processing step
may be estimating & chanhg rpvhsdengtiR@Mespsise pr themyipbst @fr@g@les per

10 deV'@@jpréggﬁg%%gggéﬂﬁgggéggog?yFgﬁ282|ng descri bed

enbodi nents of the invention are provided as 25
illustrations and descriptions. They are not intended
t 8. | i miA methed anvesited onClaon g wbersin the estimajepoaonipeiges tracking a

o AR STl SRAHGE enghgaet SEbq ALt i b oot Simbols,
S GRPthed m'bﬂ}/ﬁfﬂfﬂ'l ﬁ:r}e Een*?&i By Kb h@ﬁhb@ﬂoﬂs@i@les et %Jnll\/@ﬁi

Descri ption, but her by "Clains follow ng. 2
15 CLAIM 1. A nethod for receiving data over a digita

transmi ssign |ink [Lsin recei vi.ng a sequence
of: sanﬁ\@g%ﬁgﬁéff&?ﬂt@%“’m g’é’@ﬁfc‘ﬂﬂpr -sanpl ed 5
sequengg Qfin Sy Rflafizertifl ?esﬁ&gs'é eHAR RimBRABPLRSHols comprising fewer

conpr|3|ng a first and second sanple streéam according
t tha L samlplea rEcesds @ mremas avhefein Herepegraenae oaérsamzahng factor

n@les ectlng irst and seqond S nbol h n1% b
£ PPY the AR IS CORP OGP WO PR A MiDISS e BEFD VYRGS ahereby
20 C@@cﬂf&ﬁl tﬁ@ﬁﬂﬁﬁé‘%flnﬁﬂ%ré 'Bofs?sponse to the number of

sanpl es per O synbol for the first and second
synbol s. 2. A nmet hod as recited in daiml, wherein

t e estlnatl rLs trac ) nj.mum s
it bt TRAPOR e FRGEC &5 BN PP b e ey Gumiiings making an
S ' 1£BF SREM&Fhward
bia‘ﬁ?’%fe‘i TR aﬁ%ﬁ%ﬁf‘%?l%*é?%ﬁ“ P bl i
adjustment to the equalization parameter in order to determme in which direction

25 equalization improves.

5. An apparatus for receiving data over a digital transmission link, comprising:
a receiver for:
(a) receiving a sequence of samples generated to represent an over-sampled
30 sequence of symbols, the sequence of samples comprising a first and
second sample stream according to a first and second phase of the

sequence of samples;

27



10

15

20

25

30

3. Anethod as recited in Aaim2, further conprising:
adj usting an equalizer in response to the nunber of
synbol s conprising fewer than L sanples exceeds a
threshol d, wherein L represents an oversanpling factor

nar r ouldaras s FRIAR 5438 bR AR RS R Bl Gmpie

narr ow sybghs.and. A nmethod as recited in Caim3
wherein the adjusting conpri ses making an upward
adj ust fr restimatinga elepatl respanemhlepathdnsespenssfto thranumber of samples

caual | 7ot pa SRREAr g g MRt SBRbE i e 1 n whi ch

direction 25 equalization inproves. 5. An apparatus
for receiving data over a digital transmssion |ink, .
cbnpri dinrgparatus pe casitod in €lsem 5¢ whereacie ¢htigatingseusisetracking

B eHEES Srag g syt B; ARy BHrCuf s BETR Seolsymbors,
C QfPhe 3R BoPwidtH RtrefBéntedasARE ne@BRI oF s8hbRE ﬁb@%ﬁﬂfe@.i ng
to a first and second phasé of the sequence o

sanmpl es; 27 (b) detecting a first and second synbo
fromthe first and second, sanpl.e stre : and (c)

edt1 A FrEPAA AR FEICH QLGIIEE, BT F AT Snse 1 o

the nuphefgiating B etizePBrespHiROb thOhuhb& ofisyBiboid Rémprising
second syn%ols. 5 6. An apparatus as recited in Caim

5, wher eifawehihaedt saraplengrosotsm thessboltly wbéreng L rgpresents an

m ni num synbol i dt.h or aver,age synbol idth of. the
T T ebamming s el ey Rge gt fhafls Siples are
r epr esent gy shtiRld) W&y Biu SRRk S8mBeF oSN synifdls! -

An apparatus as recited i'n Caim6, the receiver
further for: (d) adjusting an equalizer in response to

the nunber of synbol.s conprisjn fevwer than L sanples,.
B cod A anpRBE T P B T e Ll aebbiRe o Saking
OVE LSRR ddBih@f 1o bn BQGILAG SRR Er GORPEL NG, ARWEL d
thanﬁL sang%es are n rrbm1§§%bols, t here ylreducing;)anar
t hdjusturdneto thé equalizetosyarirottst inkGd@:. to Anteapiparialgchadirection
reci%ed.in Claim7, wherein the adjusting conprises

MERPNGAUAWRPRESd adj ust nent to an equal i zation
paranmeter of the equalizer and a downward

9. A computer-readable medium having computer-executable instructions
recorded thereon for enabling a processor of a computer system to process incoming
data over a digital transmission link, the computer-executable instructions comprising:

receiving a sequence of samples generated to represent an over-sampled
sequence of symbols, the sequence of samples comprising a first and second sample
stream according to a first and second phase of the sequence of samples;

detecting a first and second symbol from the first and second sample streams;
and

estimating a channel response length in response to the number of samples per

symbol for the first and second symbols.

10. A computer-readable medium as recited in Claim 9, wherein the estimating

comprises tracking a minimum symbol width or an average symbol width of the first
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adjustnent to the equalization paranmeter in order to
determ ne in which direction equalization inproves.
20 9. A conputer-readabl e medi um havi ng

comput er - execut abl e i nstructions recorded thereon for

e I

LI Sl 07 ) TR SR e
pt.execut abl e i nstructions conpr|S|ng recei ving

a sequence of sanples generated to represent an

over - sanpled 25 sequence of synbols, the sequence of

a? or d Cé)n{ &Eelgsrlfzfpcggﬁ da&%leaan 28 4 &%&31'60 % co 'ilge%—'(;gé(ecutable

phase of the se

Ofns&aIng Furte teeptifigga first and second symbol from
the first and second sanple streans; and estimating a

channehdinstiaamsegualigeyithresponse épthagember efymhoirompsfsing fewer

B ok Saitles cieedybtrero Rl s K Rhrie dt F Sl g fector
CLad IReQymbbR rcsfn@ngllﬁg faSdritARt LNGmplaIRE haeSw byrabils,tBerdby

n1n|nun1synbo or an average synbol w dth of the
f radeting 2i8 rumobes of oamo s yyibels, and the synbol width is
represented by the nunber of sanples per synbol. 11.

A conputer-readable nmediumas recited in Claim 10, the

COIPUL @ cifiRALBE8Ble edififldsteditens Claif NEfwherein the adjusting
conpri sing: adjusting an equalizer in response to the

n umbpnsasfméiyrrgmi @vmdpdjmsumegt feeamegqualkizesion pasuneiired the equalizer

RN N —

t%ﬁbﬂ-dxfe%m% ESuaBbRidMANRYVesy b0l s, thereby reducing
t he nunber of narrow synbols. 10 12. A

conmput er -readabl e nediumas recited in Caiml1l1l,

st Reeted as Pt S PN Hpa e g (uprives racking the
eduHnnAR tymBaldvigdownwar d adj ust ment to the

equallzatlon paranmeter in order to determne in which
di rection equallzatlon i nproves. 15 13. A nmethod as

tr ﬁggi?%mﬁh@d aﬁfqﬁlt% é(ﬂfﬁ& E&%emrht ees tlrlngt g CO%?}{HS%Se tsiacking the
average symbol width.

15. A method as recited in Claim 3, wherein the oversampling factor is 3.

16. A method as recited in Claims 3 or 4, wherein the adjusting improves

equalization of the channel response.

17. A method as recited in Claims 3 or 4, wherein the adjusting improves
performance of the link.
18. A method as recited in Claim 4, wherein the determining includes using an

equalization curve to infer whether the channel response is over-equalized of under-

equalized.
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14. A nmethod as recited in Caim2, wherein the

estimating conprises tracking the 20 average synbol

width. 15. A nmethod as recited in Claim3, wherein the

oversanpling factor is 3. 16. A nethod as recited in
iy , . , . i _

codal 2opflbadu MEREFITIORIE 18 WHEERe LBRER ndies eaching o

I gfihien bhth€ledidBaBoréurde usihg tel upvidi® adlfoistiwarg adjustments.

i mproves performance of the link. 30 18. A nethod as

recited in Claim4, wherein the determ ning includes

ushng an al i b Qn I : i nf r . :
chnner el Rt Bl TR LR Sind bS] whBEin detccting

e HétirsZHM sedthdlsImbOlsTREINEEE fof eddBGlyk®o] ddicdingisampRs for a current
wherein the determ ning includes reaching a m ninum

ofample, appgaions syl and pnexiusyithy! ihan ehsaeietionwindow and
dov¥nv§rd tﬁldLust rrent%.)I 20. A nmethod as recited in any
of STENS e NG CYEE SHRBOM 3 t 0 19, wherein detecting 5 the
first and second synbol s includes for each synbol

detecting sanples for a current sanple, a previous
s@ibol Aamdthad ae racitsy irbaly dfiClaimsobiet gt 1ot A0 Hiewintg link is a

esti.mpting.the c t synmbol. 21. A nethod as recited
i (P& V’ﬁ?aq@ltgﬁﬁqfﬁjﬁg 4 and 13 to 20, wherein the I|ink
is a 10 digital visual interface (DVI). 22. A nethod

as recited in any of Clains 1 to 4 and 13 to 20, o
Wa2r ei A migthotljam kedited in artyi ef{Cldieds hiot4 and Ftot30qwdierein the link is a

i nter e.(HDM.). 15 23 ratus as recited in
Gﬁﬁm%fnl@mtﬁnmln&fﬂc%@% ‘conpri ses tracking

the m ni mum synbol width. 24. An apparatus as recited

in Caim6, wherein the estimating conprises tracking )

t R8. avevmapasyurrsiresiiedtih Clait &3vhesgin dprstimating agmprises tracking
recited in Clagim?7, wherein the oversanpling factor is
S.the@g?lmﬂﬂlsci’ﬁ‘g’z?ﬁnﬁi‘q}@' as recited in Clains 7 or 8,

wherein the adjusting inproves equalization of the

channel response. 25 27. An apparatus as recited in .
Cl2di ms Ah appaBitussisgedied it Kdaindp,uvdtereiy thegstimating comprises tracking

erformance of t i nk.
P tﬁe average sym%ol Wi %1
25.  An apparatus as recited in Claim 7, wherein the oversampling factor is 3.

26.  An apparatus as recited in Claims 7 or 8, wherein the adjusting improves

equalization of the channel response.

27.  An apparatus as recited in Claims 7 or 8, wherein the adjusting improves
performance of the link.
28.  An apparatus as recited in Claim 8, wherein the determining includes using an

equalization curve to infer whether the channel response is over-equalized of under-

equalized.
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28. An apparatus as recited in Caim8, wherein the
determ ning includes using an 30 equalization curve
to infer whether the channel response is
over-equal i zed of under- equalized. 30 29. An

appar at,us [ j | o2 (FTAN I

Q2 ey B o el T Cle 8 et iERE DIk Hfjng includes
efpaahihg a imhiffin@H oV ehelBuilizatibe cupeakithgaheusioad wad downward

adj ustments. 5 30. An apparatus as recited in any of
Cmgpﬁﬁws$to 8 and 23 to 29, wherein detecting the

first and second synbols includes for each synbol

detecting sanples for a current sanple, a previous

syobol AgNgparafi@ek r&RB ol atyofaTlaRRSSIVRIADIE W 279] iliemtldetecting
estimating the current synbol. 10 31. An apparatus as

r 8 firsiandrseeongd symboisdneldes fopemhsebohdatestag samiplep &g current

the link is a digital visual .interfac .

St simfil B g Hsht Simooli i Qe bndi
SQthﬁg@gh@cﬁigmiﬁﬁﬂ&ﬂ,is a high-definition nultinedia
interface (HDM ). 15 33. A conputer-readabl e nedi um as
recited in Claim 10, wherein the estimating conprises

tracki the m ni num synmbol wi.dth. .34, A . .
cohput S APDRTAS THO Ao GRS AR 2l 23 fg 3 wherein the link
Wit GloRall R§uaBakdfRE (DY), 20 conprises tracking the

average synbol wi dth. 35. A conputer-readabl e nmedi um

as recited in Gaim1ll, wherein the oversanpling

fact is 3. 25 36. . t en- b ' . .
381 o apPeseifad racleg i 11 O HBET A Y hand ) fpgrein the tink
| nDf QB BANRKI A@liRBaQhtctAE: ¢lBmme! response. 37. A

computer-readable nediumas recited in Clainms 11 or
12, wherein the adjusting inproves performance of the

link. 30 38. A co t er -r eadabl . L, um r.eci.ted i .
G oo TP A e TREET T3 AP IR DG GV RETIR g omating
e‘&Hﬂ%H%&ttta%ﬁin%l{ﬁé’ﬁliﬁiﬁluh{‘iﬁﬁbdl"'%ﬁ&t'ﬁ.er the channel

response 1s over- equaliZed of under-equalized. 31 39.

A conputer-readable nediumas recited in C aim 38,

w@ﬁrein t he deterni

A computer—reagglb% Madium as recited in Claim 10, wherein the estimating

comprises tracking the average symbol width.

35. A computer-readable medium as recited in Claim 11, wherein the

oversampling factor is 3.

36. A computer-readable medium as recited in Claims 11 or 12, wherein the

adjusting improves equalization of the channel response.

37. A computer-readable medium as recited in Claims 11 or 12, wherein the

adjusting improves performance of the link.

38. A computer-readable medium as recited in Claim 12, wherein the determining
includes using an equalization curve to infer whether the channel response is over-

equalized of under-equalized.
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i ncl udes reaching a mnimum of the equalization curve
using the upward and downward adjustnents. 5 40. A
conmput er -readabl e nediumas recited in any of Clainms 9
to 12 and 33 to 39, wherein detecting the first and
second synbol s includes for each synbol detecting
sanples for a current sanple, a previous synbol and a
nég! synt@hpiter-rendablsmedia amecitwidinl QlaianiB, edteraimthenlgtermining
the current synmbol. 10 41. A conputer-readaple negiu
adngludes reghing agpipimgymof figiaualizabion suggsiyg theupiard an
' ' is adigital visual interface (DVI).
2@3“%%@%%%@#@?&§%adab|e medium as recited in any of
Cains 9 to 12 and 33 to 40, 15 wherein the link is a
hi gh-definition nultinmedia interface (HDM ). 32
4 A computer-readable medium as recited in any of Claims 9 to 12 and 33 to 39,
wherein detecting the first and second symbols includes for each symbol detecting
samples for a current sample, a previous symbol and a next symbol in an observation

window and estimating the current symbol.

41. A computer-readable medium as recited in any of Claims 9 to 12 and 33 to 40,

wherein the link is a digital visual interface (DVI).

42. A computer-readable medium as recited in any of Claims 9 to 12 and 33 to 40,

wherein the link is a high-definition multimedia interface (HDMI).
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