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arrpl e, it can be shown that such a

| t(oe@lo]t ifnakaihas§s AvacR A8 thhanfopeRingkehddRaui fRE aamvhen the_'-

eye .opening that is greater than Z.sanpling i ntervals

2 _ ' | Imloerdploys o sRort htgh—quahty Shielded Tw1sted Pair (STP) cable the Ioss caused

by such a phase plckmg approach is tolerable and makes for. an 1nexpens1ve recetver

_ 1mp1ementat10n ‘However, once the data rate is 1ncreased and/or a Ionger or lower -
. qualtty cable 18 used such as an Unshlelded Tw1sted Pa1r (UTP) cable the avallable L

.;‘ ‘eye width becomes smaller and receiver performance begms to degrade rapldly

[0011] For example 1t can be shown that such a tradttlonal phase averagmg phase _ .'
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;iaed gatafarpplity isradten dope. W"@PW Phéﬁmtl}ackmg R .
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the eye width should be at |east 0.7U if data e"r_roTs

- due to phase picking are to be avoi ded: Such a
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. oalternative class of receivers-well known in-the art -
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L r opaliNeis bastablief §dcﬁlalsta)‘1 g@%@nm@%f DI Gl RRFE SHeH ﬂacewers are

high frequency of fset an frequency nodul ation; as. .
welsp naascpeweaampbmeaa mehigdi i lan llmgdft‘camoreasmt for thefr pnputamy iri the
itte rrpared to traditional ' analog

| "'-_.aﬁsstdll cyfey 5 9 Pt SermRosREdo Bk, % BUAPGERE Oday's bighe
' dghead dRHEC LihR) Shai BmaRess §1fcﬁ°al<"10ﬁ iy t\hﬁm%" Qeée?tler quickly

domai.n often “have .the advantages of portabl it

L 'bb@ wishfisfacsony. fmmoro,nnprgemslselmh 8i npeleer has chfﬁculty -

“i:nexpensive to i np enen

nd | ow cos n. addi ti.o non-1! i near .
%{183 A2 SHEPBS Wftll h%ffrsﬂgewqf@asf@d%’qqsacml@cﬁﬂat% as well as.
uaaysléaﬂslvstﬁsf %eﬁldesnamltsqsﬁeatlon are often. o

di'gital domai n.

-F[ﬂOlh]ermperedeloeﬁamhm@ asdoyeciotlonall danategverCiRlso- known as

é pr oVi des oQd phase tracki ng performance, it
zégetf:qpons and/or phase tracking n the d1g1tal dornam often

~ have the advantages of portablhty between different fabncatlon processes s1mp1e

- _deSIgll and low cost. In' add1t10n many non-linear detect1on and/or ﬁltenng methods .

30 -

that might be unavaﬂable for - analog 1mplementat1on are often ~inexpensive - 1o

unplement in the d1g1tal domaln Furthermore, even though convenuonal analog |

o CDR often prov1des good phase trackmg perfonnance 1t seldom contnbutes to k

_ 1mproved data detect1on per se; most analog CDRs have a s1rnple sampler for data




|n'proved dat a det ect| on per se; nost anal og CDRs have
‘a.sinple sanpler -for data 3 detectlon that takes jUSt

~one sanple. per synbol . Thus;, if_ substanti al- eye s

.closure due to hi gh determ ni stic Jltter i's present,

_' an déteglcﬁDRatuekesgume Sarbpleqmemhﬁnsa‘husgflﬂciberamlal[d?@tﬁa]sure duef
- ~I'n general;, theé hest receiver. operatlon erf.ormance o SETO S

P H¥shcAtlevRiss  Elfer yis gressathcanalog B pegfommanse becomesg;_f.
e lSa{EPdaﬁﬁ?act ‘t'he point of ‘maxi-num eye : opem ng hei: ght'_. G e

However.,  such a sanpling point i'sdifficult,

B ' n0ogs) [ Qenet'aﬂ) the st rédeivs @ératich p@i‘ﬁirﬁfaﬁ&d“ﬁa?be achieved it eVeI’,V_:_::]".,'_‘.:f.'",ﬁ'-'_"_ e
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“optimal ' ngl ing point,  a receiver usually consult
ds(lﬁo samrglsti)d aindhs. peioived enaximuh empaem

interference (1Sl) determ ned by the history of

| “prasddaticag Hymdyst,syuch rate- trensitions rgeserially. doi nategcour. ngh at. syrnbol _f:j‘ i
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e ar[ooms Retcamonthe alocatipnabl eraasiriphs ngyphasgrovider relizble information. © .
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R S%pf?gelggﬂlhgnsa!nﬁg Ez@gel(ng&gtahgﬁader&d E«?mwtlte oﬂ@n?a?lon of the >
12000

PIARScAALS AS]) (EREA Gl
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IJﬁltter and- f.requenc
ag‘F

ffset .d f
o Bl potoe TPl SRR of Siepal Y BN

e a%ﬁrﬂlﬂnﬁﬁ anliftnd Mf’éétso E‘%ﬁﬁ\fé&{d‘ Iﬁf‘ﬁl hEétWeQﬁEﬂﬂepﬁ@ihe 5600) osstalk-
~.distortions that fuft & 181 T
- Béndugsé jrtthreaﬂdofrectuemy aiffset amhﬁequencﬁ nmﬂylauom oﬁempredmt in. such a’*

conplicate reception.

rdi.ng .an. optj el sanpling: -

: able i for a I P RNV IR
pg]i“ht % adhien g‘ﬁ’f sftﬁglbelffer% Heom doplinesr rtaaﬁéhstt fuﬂher;;._
._-_t %ofngLEa% retc&ﬁw%a”p' i ng’ phase i.nformation derived' from *1; '

servation of the 20 transitions in-order to:

| es
Heramsitions mbedeeanmmvegm B acqeptble samporhgaham }Wrtﬂistance many R

| - -such:.a method is —often non-optimal in-the:

sgHEe prwtl(’@én%@ly Thither i 8 Haeayu didtey twlth IOW-Pass transfer B

?l dhl{aﬁr ‘féﬂshcfs(or eR&{l gifthrfe Whnhdltsé Csuéégrgps?dhe%ospemes (e g a. I:

(suc cros rom pure

dpiedinfifilies)t IH:ovfrHiraﬁ ehmngﬁmg @ﬂas‘ef}ﬁ@iﬂﬁﬁ%}ﬁtaﬁﬁefdsﬁffth sibhid@ethodis
non-det er m ni sti ¢ phasé noise' .shoul d be filtered out '

- (?ﬂel nepuppfiealsadie symeoldatsmiohsensec Thus is besavisi it lsaefﬁcuit o

st

)

5 S ot R oL IS B ob e non-

. aguirangibid phaab heRe UndBeudry GRS SWElle ﬁoﬂ-tlﬁt%hﬁfﬁiéu@ rI‘Jhase noise -

—and thus, overall detection

; [0017} There are other WeII-known methods that attempt to 1mprove the performance L

should be filtered out (i.e. suppressed), the determrmstlc part as well as the: frequency

" offset should be tracked in order to prOVIde good recelver performance A ﬁlterlng o

_ approach is often unable to make such a drstmctlon and thus, overall detectlon S

performance suffers

'such as sequence detectren method - based on the V1terb1 Algonthm (VA) and 1ts o

L "-modlﬁcatlons as well -as. feedback detectron schemes and Decrsron Feedback o




.g30 per f or mance suffers [0017] There are other
—-wel | -known: met hods -t hat "attenpt to inprove the N
. performance, - such as 'sequence det ection. net hod based
.~ on the Viterbi: Algorithm (VA) and its: ‘nodi f i cati-ons, '
L _asqumhlzatam @Eﬁ)baﬁiesdepmotalmmmdhweﬂ&ndruﬂloﬁ)em &icoumt for IST and '

Equali zati on ( DFE These appr oaches wor k
T tﬂ rsrnrlst\lr r%nspélestsnfrmr sm%rpsrlgsrrara gagrfermance and smplifying -
S per ?or o r? eﬁl%ﬁgﬂsr % mrlc@%rhdéxpgﬁl%e% t8\fr%ﬁ(flle Inon-deterrmmstlcr'.

- S onon- determ nisti'c - parts-as well as frequency. - _
-5 of 18 gpwplex P svRnsive de irapleBicae eensralbivepwsiag mrﬁtlrbsoemphng (e -

'."ofgng[})gﬁfysir@ta? %@l&ﬁo@ﬂ%@%ﬁ& t’e 19e-cn‘81p%l'r%ol‘ls on a symbol-by—" |

- geneér equiri

~“ conput ations on a_ synbol -by- synbol basis. Once the

£ s b t
R B ggvéér%g%g%%“i}gﬁ%\?} e(cel(rl eelveE%aCrsgf ﬁg;?méeﬁgé%%gélgg elanp\lemen% o
10 T q0gis]eTerabR, mhrsseédequsm@y@eyﬁm&ﬁ wa?% SUBAL datl%cewer o

. [0018] Therefore, -what is ne is a si .
A eleﬂ‘t owert samped; datbmer:apnan duhigh decs’ tveuffervxfrwm the problems which -

l.ed .data T. t h doesn't s er from

¢ IAEyF gfn?l&ﬂsalsﬁrwﬁsr%%or‘lﬂw% 257 Metieg LD el

N Nhjorrty Voti ng' - ‘and anal og' CDR recervers SUNNARY CF
- ‘THE IN\/ENFI ON. 15 [0019) A .net hod performed by an .

i “frj' Ni S di scl osed that-[e'
S g'[:eogggates on sawgﬁﬁgpgg ]ggt?lackrng t he “det ecti on :
157 g6013PiA hleﬂloﬁfpelﬂaﬁn%@élﬁ&reg@ led B&ueAl@ RERYr is disclosed that

--separately anal yzes sanpl e sequences for different -

" t reliable det
o Rty s i sedienes fadifitn Sivelioe plaes g then
S :aﬁﬁzllslﬁ sﬁﬁplle @%Ieﬁ@éﬂhﬂpalﬁ% thoak nﬁ@ﬁ%ﬁa@g detle&lcﬁlr rﬁ)‘i‘ 'tllerlhfferent
~lnorder nprove upon sinpl-e synmbol -by-synmb
d eitrmdtngmhasﬂsnthe ddidrtor mspedtdwnmmmmanﬁloeki-belmﬁd rm@loohrahead

R B e
e .r SEBH, gk di@l—@arﬁp’l%ﬂ irfodhHoh @ usel 'l@ﬁﬁfﬂe?ﬁﬁcﬁﬂve ﬂh@lﬂetecnon

-~ “having a receiver for receiving a sequence sanples.
“-gpmﬁnmﬂmw 25 to represent an-over-sanpled sequence of
a first and second .synpbol fromthe

IR0 Bl o 9 iiBehan PP 10T PRETRA SHAPY R GiEital

T trpaksiangvellas lfre@seney effsets)n Hovasvky sepentce- ddﬂedtlafi Gh&d methods often - R

anghet tesisli gOhed thoMRr ﬁdt@rsta&éa@) app%lill:heﬁhl:eﬂfgalm/second range, .' _
~ deseaugnge aletseiors quickly; b@omrmrmc@ gdyien /2 elerynuteSaﬁa% (Vlterbl e

' _sanphrieagn prrasled daiadytiacking fliealetection eelipbiditsefithe mmplt:(hdata The - |

o ChanpRsidA | engided, s I%Eelgﬁlgqa seér?e%%&l)f éagna@éd éel‘rerated ' - ._

. *. = another -enbod me an appar at us
o 25 otrb&epraseuit an br&lr-samplecl sequence of symbols, detectmg a ﬁrst a:nd second -

. symbol from the first and second sample streams, and estimatmg a channel response
- lengthis dlsclosed R |
[0021] In stlll another embodlment an apparatus for Teceiving data over a dlgltal
) transm1ss1on link havmg a recewer for recemng a sequence of samples generated to
E _ 30 represent a sequence of over-sampled symbols the sequence of samples compnsmg a
o _ 'ﬁrst and second sample stream accordmg to a first and second phase of the sequence

: of samples detectmg a first and second symbol from the first and second sample




"_'transm ssi on I|nk haV| ng a recei ver for. rece| Vi ng a

sequence .of sanples generated to 30 represent a ;}cr‘7:
-sequence of over-sanpl ed synbal's, the sequence of
-sanpl es conpr|5|ng a first. and second sanple: stream

-_acstmaﬂmngictexamuhng stﬁmsﬂlchmuadorpﬂmgﬁekiﬁnﬂteeﬁrsmnmmeam SR L SRR

- ..of sa det ecti ng ind - segond synbol
o thaday 9%%@@8@&%%{%%& i e %saemqq?rﬁ@r g
T ésﬁha%é’r[‘ﬁ%‘i%ﬁs%%ﬁc?&bt&% rJhaﬁr' gzéﬂhé ngt Eu'u:; s“e%p_ H
stream- an t : €.
‘sedisglosedanpl e streamin order to.-estimate’a first. and'
second detection reliability of- the first. and second,

- 5:syl8231s I still amosher emberimsnt abanpRratys for repeivipgietferver adigital jf- ey

k. g %&?ﬁﬁﬁ%ﬁg@&@@%@r@éﬁr qu ede?\ﬁlgé ergc%toq’sgdﬂ;l%s generated to ;,:__ o
T eepleydntg séqtfeﬁewfrtﬁzer-suﬁmﬂai@h%lsgeme@eﬁde fsamples compnsmga SN

R re resent a. sequence . of —over-sanpl ed .synbols; the B s

B 1S e S R B R aﬂisﬂ";
S Yeiteaths, fiieRih R detdefihg BidBecs GOUdRIAS (A @ynhﬁu@dll@z%[ﬁted table

'-”mhereln the detecting proceeds accordlng toa-
E dyassmta@as lope gpmareedrtqcabm patteassiiatien; ito gnewrenoue ﬂaer Elag;,

10

b%ﬂﬁﬁ&t&n V&nﬂtaﬁ oner— aﬁ@hﬁg pROlL. @s%ﬁ@&t RIdaek th‘é"séc[hence of samples
o u
S thed s@q&terg;mewfr nmsterpcttekzer parahedaly usttrdngtooetblce ttherﬂagefalues 1s B

15

e
: gtsﬁ Se s 15 disclosed. [0023] A con‘puter-readabl e :

- @6k RARIF ARG MSinstructic
_'.recorg]eg thgggo%?or eﬁ&b%ﬁ% esseor of 1ns Cloﬂs
oC mqordedrths‘vmt fomehablipg @ pesssson oﬁmorgputeia&yatem/te rprtacess mcormng

HBSIS

a second sync roni z ata oot

celrver

firsendescerndsampleasireats mpearding o afirst amdstecawup@és of

tt Pat.t =]
G AT N A e R L PR R
Pattern, and an over-sanpling rate L used to produce

parameters in order to reduce the flag, .

ital transmSS|onI|n t he. comput er ecut able
gta PUE‘tar dgualitausnissing hntsbswmg FOXEE e‘gﬁeetarﬂons including

SIS SRR B ri?"%“@g%ssawmééf
s y;niﬂrdls fdemmmg'te fifdt asd scaoed sg,admﬂtﬁosﬂrrp Ifiest and. s@:ami; sa:qﬂd e

estlrratl achannel response e th. [0024] A

g ehmepng a brerpopsnlsng8nput er - execut abl e Sk

pﬁ, tstéosg@mrs&ataﬁesﬂesﬁs g%@%ﬁfci?ﬁlgﬁﬁ?g&ecﬂgab?e mstmgcuons S

sor a conput-er.- sy rocess rncom

. dﬂat:@rd@d/ &Ter@ndbgeﬁaalmg i Prosedsese cdmpiier syktem to process 1ncom1ng

98

conput er -execut abl e 1-nstructions i ncludi ng,

S _ﬁr%ep\fﬁrﬁghat% HGOBRISHOR nlsathp%etglé%txseéabls @%ﬁt%@mludmg
.areée%‘ﬁg %Cs%%lgencé’XF£arr§ﬁ‘{£pgeS$rateﬁ§$‘Pe§'

ﬁp%r%g%?g%r%ampled -

con

R a?ﬁw oth, 0@ seqQuencé bf simpaasctoagrieng amﬁe@ldsecddaeaﬁ@wm@m
0 a

nples detectln% a-first and . - _
accordlng to a first and secon phase of the sequence of samples detectmg a ftrst and

'~ second symbol from the ﬁrst and second sample streams, wherem the detectmg

g proceeds accordmg toa dynarmcally updated table assomatmg one or more detectlon _

30

' pattems Pattern, to on¢ OT more ﬂags Flag;, whereln Fi lagI has a Value mdlcatmg a o |

S dlfference between a wrdth of the symbol assocrated w1th Pattern, and an over- , L

o sampllng rate L used to produce the sequence of samples and adjustrng one or more

-"equalrzer parameters in order to reduce the ﬂag values :




- second synbol fromthe first and second sanple ,
_streans, wherein the detectlng _proceeds according to.
‘a-dynanmically updated table. aSSOC|at|ng one or nore
detection 30 patterns Pattern; to one or nore flags o

Fl ag;, wherein Flag; has a value indicating a

B S A R

it mi@ﬁ%iqﬁﬁerﬁeér SRR o5 BB SE) panhret Sl st ety v ot
- valigsoR BThERGRSCRYTLON PRy TGN f ORS] DRernce

present invention is illustrat of  exanp

__..J._g__andwalmfemgysmrﬂar¢lcmentaamcb1mwhwhthe figures of the T
K P R ol e S L S e
e [ 093% tidrl SR8 J*Ve'rﬁ fa? ghsq'l\flgslolp i@%r ﬂql:@ogﬁﬁ[% with ot embOdlment B o

Swnidlustrating-a et system rece
o -ﬁ--dabﬁhepmseramtvegtmml transm ssion.link, :in accordance

SR o Figueg s PélﬁWcﬂarttﬂlrlrtrqt@s reangthefd forthq Feseptiogro tctae over a.’ o
o mr e&lg_f’?al'tﬁaﬁsﬂ ssﬂgthﬂk q}{%(ioﬁdancg gﬁ%r%gteﬁ’lbo?fn?e?l? ?"ﬁl@ B?%g%t r%{lventlon o

B)Bﬁ]n enbodi.ment . of  the present |nvent|on [0027] .

- irh.accor dance.’ w imen R
-, i njoeps]i Bigute 3 RAA8P-1dvictbloEk &agﬁnﬁrllhﬁﬁhting\é@atabie%l‘or inaccordance = .
i a}{gﬂram i I'lustrating a-data detector, in accordance o
| ane@heesremsfrﬁthepresqnénp'ﬁemt i'nvent i on. [0029]

: 'f-:f\'r@lf‘ff'em‘?% 2 R e R AR B e it G aécordance'_j__'] e

. preseat emBMﬁﬂl%thﬁthel@'ese@r@ﬁﬂ]enthrﬂure 5 is a block |
diagramillustrating a Pattern:Anal yzer El enent, s

15" 3 d083U arfdeugi 3 Hs. @nbloelﬁsbegrmmlueratmgea Eﬁé@'ﬂn&nalyzer EIemertt in S

S 0031 bl.ock .d ‘
BRI oAb e By dance win
= 'OF[GOﬁ']bF’r%th%"'Is Oflodih@ia @bty e ERGc BORS2]n fdclﬂfaﬁce_wrth '

Tiis bl"lock diragramiT Iustratrngthe St ream Swit cher

o |@naembodiarméofth@pmd:ﬂtlmtlenbodl ment of t he: present

re 8..i.s a bl ock .diagram

| TG BB ok G Phcen e srren Syiher, in accordance b

: ‘ | 20 agﬁ@lrd}@@ﬁﬁ)omrﬁéﬁt Qpﬁeg%%ll%}lhogf ‘the pr esent

L inventd on. ure 9 1s a block diagram ) s
i (00337 r Etgunfg 8als & oborgl dwgranr)ﬂhlstrﬂ:rngsmtEhstrceBpfferyﬁdmtroller _1_n :

inple o0 210 the inventjon. 25 DETAILED -
Dé%@pspe @e eqq%o&e thﬁpresent nvention,. - - - - -
[0034] Flgure 9is a block d1agram 111ustrat1ng an exemplary computer system

’ employed to 1mplement an embodlment of the 1nvent10n _

| DETAILED DESCRIPTION OF THE INVENTION

- °[0035] . Reference WIII now - be made in detall to a part1cula.r embodtment of the
'mvennon examples of which are 111ustrated in the accompanymg drawmgs While
the invention will be descrtbed n conJunctlon w1th the partlcular embodlments it will

: 30 - be understood that it is not: ‘intended to 11m1t the 1nvent10n to the described

" embodlments To the contrary, it is 1ntended to cover altemattves modlﬁcatrons and




knigwlchaigemgoio sseﬁmhe hadRegy gk oM. Aﬂlﬂhdrr Eﬁrlrut treks the phase of
N sEL

- streamof sanples, . which initself is ac SO
- .déh% Flﬂlﬁ@yaﬁanmumsams efld lwmmm@staa@srbaawlmmeng a trackmg i

[0035] Reference Wi II now be rrade I'n det all t"o' i SRy

- particul ar- enbodi ment ‘of the invention, exanples of

- CONNO38| YWheéd mte?—sarﬁf)l%@ dad i§ RnEOVERH cﬁéta?frﬁl?strﬁls’ﬁ&r llnic itis dBSII'able;':-_ D

“whicch are i I l'ustrated in the acconpanyi ng draw.ngs.-
~While the invention will be described in conj unctl on-

Wi EANYHlEnts 46 may be arpcl@:}eg@ﬂth@ Hiegpiritandysedpe 2§ tlbfemvennon as. deﬁnedl_'-*_':,:_-‘:'__'i: v

Un%g"ﬂ? %ﬁg?&eg%ﬁ]alﬁlg is not-intended. to Ilng :Eg o

Inv e described -enbodlnents

rrodl fications, equival-ents ‘as may be:i‘ncl ude
tcmlw ? ﬁlsltsbreceweratﬂrdt etg\u

- offers robust operationin the presence “of

o [0038] Flgure 1 is a top- level block dlagram 111ustratmg a method and system for L. e

deLeBh'ﬂibﬂtsftalue b ﬁa;anot maoh- therwemmsgtpecfepﬂy tepeated)smple) sequence .. e

ntho the over sanm eddtare eat s .nor
t nbp GHE

Pk N soropy lassgn & Soauphtoghat aemot equal 0.
exegg@éx%mplé\é%f §QH@BF 09ndPEH9E uﬁam’o %‘éct & B, o¥gt! dl‘ﬁgy vae as SRR

may-not reach the receivér as a per r epéat

. 10 ‘s abl, éOQ,ekjl]emcamydlhm cohibinatiay, deps:tcbmgjoxcpﬂm IE@cvaheleISallenge 1s PR

in th? a;p %Pfg_quence t hat are not.equal to b. - For . .. S
exiQripies thegypbel fram enismbey ofgymples whish lst%a% ug@sa@ugl
- 00QuiRE it -may arrive as 10 001, .100, 101 or_any

| ot her con‘ol nati on, - dependi hg on- jlttel‘ Hence ‘the -
c DB Engks instedt afbolve,f eiie bbgosy ﬁﬁﬁbaﬁ‘ﬂ Moausel E’Qﬁﬁjoﬁfy'vote of the it

sanpl es whi ¢h-do not unanl mously indicate the symnbol.:

P [ 0g8Plesas Undpdanataly ik dash end by Pigudn aq@fpwoa%q@sﬂ beqagsqjgte assumes
ﬁ Wéﬁg‘e%f \sﬂgﬁol%fou}l@a%es @tﬁ@ln%ﬁsm g&é ?}‘ ?af@eé w% é:ﬁ in. 1tse1f‘.i;_$_3-i'?:-' e

ases ecause I

eneto

ome. I ns nces

| qumﬁon-deeaﬁ;alshb amkf ﬂ@eoﬁﬁ@%dh@&al@hﬁrbhﬁ@ﬂb§ﬂ'blb6ﬁé/\§mon thhe - _"_
20! & |

phase _shifts whic esul't “fromnon-determnistic:

20| jsemplinggl pek:mthgeapne 1 desatymbahpounderyy) apd dierdfors showld be tracked
" posit | L ock with t to
DR 8 R AR S e e

o ptaaﬁph@psaeommd:themeredmdtmt GBARRRE. TATPAYard o8 Hase tracmg SR

not affect the ideal . sanpling position and therefore-

n&B@lves tanh attempic Resgnsitize, did &acking lpdmade chasgeki ingthe channel 'by

_:5'-|nv s.an atte esenltlze e .tr e

YR Ao R R G Rt i B bt b oy
t Bafitdzagkd ROISIORP ht@sseee(par&c% Mﬁiﬁp@ﬁé an atﬂaet hlgher than the
. boundary: 25 shifting due to 1.SI"i s a high-speed e
S pb‘mﬂé@éthalfdhﬁérp@@% lawp. aWhie Qllhlaml'reacht Warkstwdl when- deahng w1th SRR

| b %tée?lp}(? %s@aﬂ%&géf .T(,:ql% na\%ptrcﬁ)qgms re ate tcE ger?era?tglp %rgc?rﬁgcy or radlo "

Imk Doppler effects, wide noise spectrums due to cable cross- talk and high- frequency R o

L _ptters caused by slicers and Phase Lock Loops (PLLs) limit the performance of phase ' _ § '

trackers Therefore, it is desu'able to improve the performance of recelvers

. receptlon of data over a d1g1ta1 transmrssron hnk in accordance w1th an embodlment e

- of the present 1_nvent1_on. Trans_m1tter 51 -tra.nsn_nts ._s_ar_npled _data over cha:nnel 52.

peotmst Olimathnvlarthc Presame of detenmmstrc_‘_r:__'_

d £ip th d ULl
G 0381'9 P BRHATRE o e o (3 PG aine M ar el gifa rpeats
ol ﬁ‘i@re th"an ofie 8R8H1E 3B Gt (d @ 3Lt§§esawi% ) Eﬁmﬂlﬁ?%veﬁsarﬁﬂiﬁfg factor of R




- lowfrequency instabilities, such as. probl ens rel at ed

to generator frequency or radl o link Doppl er effects

Wi de ‘noi se. spectruns due to cable cross-tal k and
~high-frequency jitters caused by slicers and Phase

L.oOkert-sanpded I@é;ps)lcd Detez:tot hiOpghefedraften (atsoofefq:]tﬂsm a$0‘reee1ver”

-dd:”-trackers _ is desirable t rov ' ;-:'
o ".pe’feF?WﬁSa‘H@e‘? wabe o fesitied Hered| %ﬁtf:@t?rgoér? & ot iracking the
: ..tsgget%cﬁln\ﬁgorreﬁétﬁﬁtéf gf ﬁgfs%mplég' &g flﬂétéd&goﬁuga&? ﬂle%kqlmal samphng'.‘. L
Gt rpﬂasd&tbﬁ&le@llatal iHok simplicRy GﬁﬂldQMannIﬁunﬂmoeb‘bwyﬁﬁhtmtatlon one
~of the.pr esent invention, Transm tter 51 transmts
s aPFINEIE CSIR1AEY, emb %ﬁﬁﬁfélams@s‘ﬂo%d boepg s’*dt?ﬂfl ‘é}é‘cg éﬁ’@@ﬁ/&é bmary_

e eSS 0 DRGCLARL! Shubety i ST Bk O 41 apd ~1L, or 0 and :

eption at'a’over -a di

es an es the ra’nsmtt

o si‘gn@therefosd, @@t of mb&Oemeod@ﬂsmd ate[dNE]dsed ekoptgatt Bethe rate of one bit -

'detectlon reliability of the sanpled data, 'instead: of .

ot rml@mg & tpad dbe iavar-samniingi fagor ket 1@1W amfbnumaay fages can be - -
B |S : %gc: %%anﬁgfh ;slall%;%lsétsr . 'ox%@ve(r)nthgfeagr% 1o ne ssa cgddltlons for the o

[ '[._'10- | spetatioR bf iy iRGosed elﬁ%dﬁﬁerﬁbmedtﬂieqmermohlzmqwally apphcable toa

C o ydinkesith sk cmmpéwio(noubmry)@lﬁnbets landTagpddsoroaiprising lepre than : Lo
R R O T b T R

| '_-lsanglgg(gusl w and ‘i n many- cases can be o- betvveen 2 ‘and -

nor e " eXefipl-ary enbo

al phabet, - wherei'n -each synbol assunes one of two -
t the r

are-di to o

.4 sanpl es. However, ‘these are not necessary condi'tions

1 §003%eBy myotfwampbrandmot hyemw:fllmetioerﬂ;eopmmrsomdeteﬁor: g

O RS B SRR L st

R CQRERpSY. "OnliRE Gadifiahhl s@dﬂ?cn@é bet8tors nifh@ﬁ@s‘eh@@ete@@f I’W ieparately .

as hi gher over-sanpling factors, can  be hand

* anailpgsushple £ORB0Es eydﬁeyemﬁmmmmmr(wmmnmnwase offset

~of lLimtation, the operation of a detector .15 100 is"

- shpdniipa tﬂelyﬁcraga Sy &4 e?dsnhatragotvmr%e Pibstlrefable dotection,
-_'andLu3| ng si ngle L ,

' nc etectors, the res nt detector- 100 . - :

B e A eaqteni; IrppclRiparpe Fagpnt of look-

R "'_nnsproveéhlpalblsanpletsgmbbbby -syrhion] ddm:udnffhr mctdltlcsarthé |0mg'-sampled_ -

.":.----'ph ses,. the det ect or- 100 i nspects sone farmunt o
: Ogmalgee g‘msslg, An contrast '

S . a{bd o%]gérgloﬁgf;/%gtgféjﬂcﬁers’ fhRhd Cfa{'d@feoo%ﬁ 9299}516& 'd%l' dﬁce tfte »

sarrp ing.. Unl'ike traditional

%}Hﬁ%ﬁﬂd PRASHRaE %fbﬂ?ﬁloﬂo(ﬁne nﬂdec S0 {s‘f %ﬁrsoxoﬁathﬂh}n order to

en- pi.cks a sanple.sequehce that allows for

warial skt dwthe éféafoivﬁiﬂéfr %qtleﬁ perfe

detection. t1on

,_om[pimgmshhMasbeémdaemedapoms used to further |rrprove - o
 'the detection j[F))Erform:mce -This is’in.contrast. to .
eleion] REKEFEANGRHIE PTEEIeRVeRtiongs chfrwetatlonally o

c994@ntin ders o

. Oé’t%&gﬁta gl'i)d %gre%}te%aﬂ Bg gucc'd&fulﬁzaa%iled’]% d&&ar?i?es Idﬁ&/op goes't] constralnts

o owell beyond those currently possible for tradltlonal sequence detectors

o [0041] The detectlon performa.nce can be ﬁlrther Improved by combmmg one or '

30

.~ more embodlments of the present mventlon with tran31t10ns-dnven phase trackmg

-.(analog or dIgItaI) For example phase noise and frequency offset can be reduced by

: B a trackmg loop whﬂe the ISI and large phase hlts ca:n be. deaIt with by one or more

o embo_dlme_nts of the pr_es_ent 1_nvent10n. In effect, _sl_ow ph_ase variations as well as non- -




25 ['0040] 1n terrrs of det ecti on perforrrance the
; present invention is conputationally -efficient, and

‘therefore can be successfulty applied at data rat es: _
. and/or cost constraints ‘well beyond those currently ”'”']49;25"
- - podstetmiaistiophageantisei auma‘acwdtwetheeamtfé)anmm feedbm:]c loop, wh11e P
_-Th detectlo perf or ce.can-be further. V. S
o m'tt@aeﬁgd stecler 1 Ah&R REREY BYenioe Iﬁﬂe&é
o '”H&H&ﬁd}l@ é’ttch*&siS‘I?nS' tions-driven phase. tracking” 3‘0
- .(anal.og or digital). For exanple ‘phase- noi.se and B
- frogdeh@iget Dsieta fnclioet illesitatiag alntethod fomahé rege;itmpa ‘_ ra
- while the | Sl and |arge "“phase hits' can be dealt with = o
.5 bydlettsl tEnspssion 1y Braceerdanrce gyith meerab%@ﬁtt qfﬁbeateﬁf‘etm ntl
_ ’ a s .
R %er m n%tst?k@%{h&a%%ﬁ%?@%hgsﬁ e%?géﬁ%e\dﬁb ctho caﬂ%‘de%mbed m the G
'_'bafwlmvﬁiig”sté}ﬁedback I oop, while +the over- sarrpl ed: RES A
- ‘detector 100 of the present invention handles = .~
- -retaifer ﬁ@dtowasémgdéeseaﬁonbﬁsa titcdf Asphasys)and gatipg t14.v i
- Fi'gu i;s.a_f Wchartlll trtn
L elelfrannSe el belmt stph Bt SlRll8R iRl 7 This
10 s aeﬁ@ddtamﬁﬁcahytlhcaaesembeahﬂemo@és bxttengvt@aeﬂ&mem"smbol as
o invention. Stafting at- 12-wth dE‘COdI ng-the first i - '
- symbusie]l asheomeesangdescliombe grevious bed nert symebols. oFboiistagee,

" steps For . each t af a.tot e
phas B, o B SR B P P S oSl haon
?‘Boﬁ&m’fsé‘% SAGRhES1e0V h aﬁrbx‘aﬂﬁafé Mﬁb'dtﬂw"‘i Bd%ﬁé Wok-ahea _

h| s 10 w ndow typi-cally includes L sanples:

EBX ':'corrmp;ﬂnandhgne wokibehind sareple cay b alsed msaddision tashes:ﬁnfe3 samplesf:': ERE

a .:sanpl es fromthe previous and next sygbols, For .

15 Tharheehe feon SvBhG dRvnetimail et L) Pokbebipd samples
'_Qf Lar%d She I%ok%ﬁéﬁ‘aat S SiVEH 18R iiMaB ?Y}WM tlf?l @@Eﬁf}lﬁ?for the ;

5 sanpl es exanpl e. case o
e Ioo:bmmlnesz,dnbcﬂﬁamlsenmﬁ/fonethbloﬂkudse:lﬁllndmsahpl e can be =
'used i'nadditign-to the L = 3 sanples 15 fromthe -

* car rNpE &y Ruparform desgetion ahpireeng aseb@fvahw:foeeaotl\msmble samplmg:j 5

ol Q0pERLAf: ARTDERs AR o0 By 23%8 phgad 53 gggb%% Bpies e

= 20 Synbotll aspudt 8éoMibmY foy sdniile o a\fﬂJ/drlQISteOtfor QO@BﬁtpWstreams may ',3_1 g
~Next ‘at 18, perform detection of current:synbel val ue e e

 for heatspd ttb@mreveethg defgstiongperfgrmances asi degcribied b@hwpl es.

~.sele .00k eh| n ;-’i:-

58 78 16 GRR4E wf SRl R BB e SR %Pﬁﬁaﬁbt Besste
det QRtRion\BPeriththpyt streams, . may ‘be used.‘to lrrprove BN

" the detection perfornmance, as described below. At 20, N L AR
est u!rl:a’ﬂe sl thm:taqﬂmgrstre;eh wwathi the highbardeteation eealamlht}n@e havmg Sl ]

hase ‘assess the. decj sion_uncertaint SRR
P the fowest decision uncertamt;% As described below oney dr more hnear and/or Bl

- nonhnear ﬁlters can control the selectlon process 1n order to aV01d unnecessary :';" S
. ‘stream sw1tch1ng Altematlvely, symbol by—symbol swﬂchmg w1thout ﬁltenng e
can be employed if needed for a partlcular embodlment g o
N | - :At 36, adjust 36:an EIastlc Buffer if 1t is determmed at 32 that the sthchmg -
: - 30 ': - PrOCESS CIOSSEs symbol boundanes In general a symbol boundary is. crossed 1f :

2 the absolute value of the drfference between the old a:nd the new phase is larger .- Lew

~than 5 UI,: For example, for an oyer—samphng factor-,.of L_ =:3, :such a-crossrhg_ :




A 22, seI ect the san‘pl [ ng stream Wi th the h| ghest
'detectlonrellablllty(l hawng 25 the [ owest
~.deci-sion uncertainty). As descrl bed bel ow, one .or: - rmre

| i near :and/or  nonli near fi'lters can control the

= sel ectcrwn ‘plnenczeé)s—nm oorier 0 ttunsition dias taket plesar )For a larger Over-_ A

B sfaa@w o

3 f or % &LHL@EICEQISBOQL—%M} 3 4Ab —§§ 4 a-gg LL§I_> i36¢man3 _) 0 Slnce 111 .-_;:':: R

S swilt e thgse ﬁ@eqoﬂleabﬁeremedﬁweens&tﬁbﬂ)d atd thechsaw phaselm -0
. general; a s nmbol boundary is crossed if - the absol ute

~over-sanpl j ng factor of. L = 3,.'such a crossing:

El astl fer It Is déternmned” at t hat’

val u?argér t}lﬁ? —GUIf( RNEe. SQSEM@&[Ee)t hﬂmﬁl&’su@?ﬁf&?% d'égé’ﬁb below';"l‘_ -

phase ar ger. an .| For exan'p

- occurtemgively, @ curpengsymbok pemtereﬁet ©p i ysied f‘ﬁk“éﬁ‘ih salnphng i

e | ol acsmtﬁga ﬁgtassgéouaefst Péatzaly AGshfact or. such as
ER d r_lﬂpﬂlt gsgxepzaﬂ tlw dbovd $te: foPthé renlamﬁlgéymﬁols n the sé‘ezﬁn 4
L di [b%}]eﬁéle abtestan atedssaieddmtortdetaibbelpiase i's 3. or

Ny e
0 ¢ ot e g o bt S ScEs K aume b Semplng phaseis
A chebaadid s i tot%‘l%ssctﬁé "/ﬁﬁe P Y@l rreR P! Sy 2 Q@I‘l zﬁeto estlmate the._"'-.
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- f oelidbdiadisychca gessh. n@uﬂem&eﬁ,aever}ema:blet stampabg\phastxedlsweld the‘”
. for . the rrbol s strea 004 g
 aotpe Erbid e e BHFrGe R b st ke Fhs aforigan qsdibols with

20 '.

- . assunme that the sanpling phase is —correct -and:t.0:-

s est te t rel i abi I it uch a guess. e

- ofts ess&é?‘gﬁ RhBsss i 1 ?vfﬁt F45H 2gHessds m’t@lgﬂgﬁq aettheunceﬂmw,

; i'nstan, e -
PRGN NS G id AR rouch BRI SRR dors
~ wiltustrbteehe ﬁcmdlabfthe’l.bietemdr 1 0 doksst 18t tabwaybQfded so IknOWfthe samphng

i ddl e.of such 15 a.run, the sanpling phase- is. not of
- cBRRSEImONet e romreethedairst Hiersymb 9@% :

folTow ng transitl ons: .cause sy

“since’in all these cases the-

adj usted for“each sanpling . stream.in order to’ account -

[ AT Ry aamh@taltl@ef B BROH QURIGNIOOD i Euckiddle of such
ta @UBQE‘ iahﬂ)lmglp]naseofs mdte)fmmcmtbeswsb(;he detentedivah@ W dl be L ._

s it does o

-wil | be 1,

E%gfm | agﬁdth@ﬁ@xzﬂﬁ?ﬁ%e&ﬁéﬁc‘ehﬁ %has%l{ﬁaarﬁnggﬁ%uhﬁ results, _‘

ncertal nt assocl .ate

" SeraBidar giae‘elsowmg zeample fintthie egimplei B=i3sarl Wi+ ﬁ)al

exanpl e, it .does’ '|Ilustrate the fact. that the:

d%ltaéepot)ootdd Weld 1080 » ahighyis derodad ﬁeOWQ\x;sqeﬂ?@lownm i ng

= g@ gﬂ grdgr_te cqrrectly det ect the synbol value: '™ -
g‘[s 6 g’]ﬂ As "anot her. exanpl e ‘sequence having . oot

25

pPiase i 004arlila1t . 1deioe eiticisagdiletsded aecmew:ier the

foll ow ng exa e (inthis example L = and W='5
" Phase 2: 011.110. quIJ 100% o

WhICh is decoded as IOle (1 e. 1 symbol earl))/)

- [0046] In the above example it was posmble to make the correct detectlon declslon

regardless of the selected samphng phase because alI three streams of detected data

are 1dent1cal over the four symbols shown

i ,. [0047] I—Iowever m the above. exa:mple the detectlon rehabthtles dlffer for the

dlfferent phases For mstance the Phase 0 data can be decoded rellably because a11 L

L -sylnbols _have a pa_ttern.of samples Whlch CO_lﬂd-represettt iny__ oiie P_QSS_Ible symbol | PR

- "_'yalue'._ All but one symbol for Phase O_have cle_anlyd,eﬁt:_t_edi_s}%mbcl_‘bettnd'ai_'ies. 'The_ o

11




L Phase 0: -000. 111 101 111. 000, mhlch i's decoded as'-.
01010 (see below). - Decoded Data: -
--0----- 0----- 1----0--.Phase 1: .001- 111 011 110 0, _
which js al'so decoded as 01010, 25 Phase 2: - d
01 famplys patiern dd 0d,1 Gapiadse hesdeee%sédeﬂloasaqb}m becaese two. adJacent R

t',:. ly e ex N
poggﬂh?gac{“ arekelge%;t g:hr gelggl gp%‘\{nd’ti?eon e%%ef’ On\ﬁg%acase WIth. '
T egelatiNeds highf ISThehihl eskada same smoeh@s@ ,peaecmue @rodluking and .

three streans’ of  det ected data are‘identical.over the -

f oiprreyy sysbel. s’lﬁwmhe pomaTqe qaoRensadingite Phase Oals d9eoded reliably and

s differ for.th

5ex%§ﬂ“ b Bl E PSRRIl B0 SR b bgl P gllGtainty. The

caRicags deaadadidalidmletichgaaunend diso R¥HRAl S MAYE & metrics) to -
~pattern of sanples which could represent only-oné .

poeﬁﬂhﬂlesegl}qiﬂbeﬂ 1n onletido initatd theirolewelsyfrmderthinty, F.’mdste Ltse these-_"
e.cl eanﬁ/ r&ed synbol chgo ndari es. The1 11
ﬁ%ﬁ LY PRHIE IR ISGHie ol e peoRdiesamR R maaEes:
% BREAUSRe raabﬁay%?gﬂtssmgytﬁaehe 8f b By, Be 1 and Phase 2 -

_' separa ed by a single 0 Sanple. This corresponds o

10 castecamistin lower it \fet YhehPluse 10S$treamhi Bhme aamehesqaattemheaan appear -

. ~shal | .ow zer eak, thus :produgjng and narrow synbo
Thireining Sod AeRSiotso P Hodn gk, S<Pra ot b deiegiatqvithout

f T eéﬂlstghﬂly %Edde%eclﬁﬁﬁ nﬂglﬁ\lﬁe@“ih %‘%{blvﬁl thgﬁxfg?&ﬁ:e Bf‘sﬁgrglter ISfcorHlSmed w1th '.

Icating a | ow uncertar nt

- _T,t qa}asspger addlor Sequenoptiodulatiéhef the dath ehuelﬂmaneteeefaremb Phasel'l_ R

as netrics) .to synbol 'sequences in order to T
dgg{%eév % Alerams axg set héshea #eerfeathﬁtths%eﬁtael d&f‘éehmélsatmg the -

1 S B OV SR O O SO e
T 1 ednddthiabd 2 ytraimsg RS skagplehbott Phasef 0ind PigasPiasearhs asttbe gzvena
Phase 2__10 streans is |ower than for the Phase O SR

- stiptEAPf Sansomnasd de s h metng of thePhapesiFeant onf usi ng - |

QPRI PR ot AMGRHE ablt P e RERUECRE SAOwRG ecion ipstares

- ersbme éxamphe dgeaianpatiepis pﬁa‘psseﬁ HoBlancebipke gny eh'lentatton of the

- phase-jitter and/or frequency nmodul ation of 1 data. -
ZQ'TH?F@VGFhe met'rics for the Phase 1 - and Phase 2 streams

b BhORlee RS E N0 05, o0 [ Don

x tdmsapl Bintony thert fbtRbon] OF> RHBSEEBIBAE ihBelcRors e0b will be

~ ~and Phase 2 streans. For exan‘pl e, both Phase 1 and :
L Phlh?eeatzd éieteearmleeamlqmen@tmnvlach pessra previbugly datected value (i. c.a .
ared .t 0. metri

OB RAL FE Rt e nED, B PRSP ST 0o ot use
C25 f mdho&\""pﬂﬁfltﬁ@@t d@a8cted WaBE! Ak 68 hers® WheRRRAPhevidat 9k QE‘ used’ to '

- patterns:proposed for: an exanpl e inplenentation of the :
zgadp@e; angastainty of detectzon of the current symbol 1s herem caIled DBCISlon _.
Feedback Detectlon ora DF scheme Such a scheme | Improves rehablhty of detectlon

(1 e. reduces BER) in some cases at the expense of add1t10na1 hardware.
[0051] “The following table presents proposed detection patterns for a DF detector
#30 Please note that in order to conserve space (both here and i 1n real hardware) onIy the
- first half of the table is expllcltly prov1ded Invertrng the pattern bits as well as the
o detected values produces the second half. Other compressmn schemes may be used in

~order to more succmctly represent the table data

o | .1.2.. :




det ector -100 wi |l ‘be |IIustrat ed herei:n: -one. " .-
3 npl emsnt ati-on which uses a’ previ ously det ected: vaI ue

:(' |
| rrp . ;
det ect Eﬁt%l ueP"eﬂ"“s‘é'ﬁ’é‘Fre I‘%Ffécr ei Rbage pr é(ﬂ“ﬁ)us

'_;'Det ection,” or.a DF schene. Sueh a - scheme. i:nproves
“reli abfi"Pthly of0.detection0 (i.e Oreduc@s BER)2Fh sor

- cases, @ootihe expense of -gddi tiopal habdware 3,[;(9051'
~ The foll ovv| ng:tabl e pre esents pr. oposed -det ect.i-on
'patter(tt%D for & DF. detect Br. -307'Pl easé note ¥hht

.'-hard (fﬁ)‘ only the first half. of the table6/%7s

“explicl _
owel ]l @x00fhe detect ed val ues prbducesOthe seﬂﬁde

- Orher. appr ess on schemeg may ‘be used;in: orgj

© 7000 001010 0:00/63 0 00010 1 0 @ 0 1/@2 o 003t 00
0 2/6%f1@1000 1.1.0 00 3/60° 0 001 H1%34/5xl\

11 10017956 000100 0 0D 1 8/55 0 010 0 1 1850 1 L
.0 01oob1901 040 10/53 0010 141 1 0§ 11/5&_5@ 011:0°
.01-1.112/51° 00110 101 013/50 0. 011 1k

1 14/R§llb 012 11 11 @-15/48' o

' "-:Exan'pl e data det ection patterns. for L 3 and V\#S [0050]

Anpng - ot her - errbodl ments, two errbodl ment s of: the_

value’ deC|ded_for a preV|ous synbol) apdrpn

used tmoooroeducte uncertai oty of detectnon of oeE
curren5 0% nbol ) -is ‘herein cal 1.ed. Deci S|Oon Fee/gpack

order tt(mmonsetrve space. ()both hare and ‘i n resbs

'y prow ded. I nverting. the pattern bi

nor e SUCCI nctly represent the-table data. 12 t TN
Previ d&E%%al ud” Metric Phlse vallie Patiern nu?ﬁf‘ers

001 0 1 15/58 0.0D1 1 o % 10 %/57 =

/49-_[’_' |
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e
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_ C - _ _ Table 1 | _ : .
[0052] In Table 1 note that only the 4 patterns 0 011 O 0 011 1, 0 101 I and 0 110 1 .
(06 07, OB and OD 1n hexade01ma1 notatlon) are dependent upon the DF value (shown' T

in the colurnn named “Prev1ous Value”) Therefore 1t can’ be concluded that a’ . o

132_ -~




. 010010011 16/47 01001101 1 17/46 0 100 1 0 -

10018/45° 010011100 19/44 010100101

.. 20/43 0101 01101 21/42 01011010 1 22/41.
01011 1.1 00 23/40 0110000 1 1.24/39°- 0 1100 1.

0. smmh:ﬁeﬂa&n-bﬁ Itec®r kat b R6)Gient@ll $6th 4 repsoribly - de‘gfra&tlon of |

Ol% 128/ 3% 01110 1 0 0 1-29/:34 01111 0 0 i
tlrcss’ﬂfﬁlafhloits% O2iEFIHS-31/32 Table 1 [0052] In -
?ll?aﬂl&e%%gﬂt hat- only the 4 patterns 0 0110, O

and 0 110 1 (06, 07, OB and OD in

.hemsepuoate thetatttion jreasaiutiegifoeht cupam symhoms aaaeam e
-rherearrb.selectnn e3n b dadsnc vriealys 1same fype; 8t étlftﬁars fuch. as Finite - -

el RShO RO TR REPRL S (1 ) PEARR e wcd i

"""-'.degra a

(shown. 5.in the.colum ‘named " Previous Val

I on SUC

St graams Alageiin GBme QRERI fneht i phast doheeney ﬁrd in order to prevent s

S calcul ated for.-the current symbol in each stream the: S
5 rgpide apiishIg c betwaer: alstepomesiisamsy pineal ugh diebmey e desrade_ L

: of fil terllna% IftSUCh as Finiite Inpulse Response (FIR) ;

PR T R
-us[@gsdn Tl’r@"(ﬁ%toquotl%hﬁlb@h[adé%ffﬁe desirdtedf @R detetfion history ofa'- L
- -phase coherence and in order to prevent rapid e

‘svipecificd denigth indakean de ectonnlbefore erming afiadseistondp sw1tch to another 5

Le Response (1'IR) :or- nonl i near) can be - _-'-

ot e B SontE R al SRR SRR s sver

PaRdqueiRtyLRIoHERSN ShaBY cREK dreBBRS! SR dreabpiosedsak 8ffect the

: | nto account before-arriving at a decision to swtch .
e _t csymlbol' b@mdarres as descrtbed prevrously Some processes such as ]1tter and to'a -

15
ni by-symbol basrs The pattern decoder in each stream handles such short-terrn shifts, .

[0055] Other processes, such as. frequency offset or frequency modulatlon, generally_ -

! have a rnuch longer phase ooherence period and thus are not surtable for handlrng by | 3 o

Sl e pattem detectors alone In such 2 case ‘stream - sw1tch1ng is Pel‘forrned thus
20 | L |

O : [0056} In one embodrment for a DVI/HDMI apphcatlon the ﬁlter can be snnply-_-

- accomplrshrng (1nd1rectly) a samplrng phase traekmg

; 1mplemented as a moving average taken on per-stream basis (1 e. L of l D filters), &
' whrch is. then followed by non-linear thresholdrng Thls prevents stream swrtohrng,

S unless the drfference between the metrrcs “of the current stream and the candldate"

streanls is above a specrﬁed appllcatlon dependent threshold _
'[0057] In one embodrment the candrdate stream with the srnallest metrrc is selected |
However, other strategres mrght be used as well | ' |

- [0058] Before the symbol value is ﬁnally selected some adJustments of candrdate

Ce -streams may have to be made wrth the help of an Elastrc Buffer as descrrbed below
a0 .. _ _

= [0059] If in the process of selectron of a new candrdate strearn the phase drfference _'

Stream swrtchmg and the role of the Elastic Buifer
between :current and proposed_s_tre_ams 15 gre_ater than_ 7 (1.e-._ greate_r'than a-one—half -

14

certarn extent ISI have short phase coherence ie. a high rate of change on a symbol- L -




-;djstreant ThIS is because several |ndependent processes
-such as I Sl; phase-jitter, frequency nmodul-ation

~and/ or. cIock f requency offset or other processes | \'

a .~affect the synbol boundaries, as described-

the filter can be sinply .inplenmented as a- nDVIng

| *av@PE@%DFhﬁéﬂﬂ@ﬂB%&¢G¥nrean1baSIs (i.e. L of:d=

fi ch.i.s then fol o :
L e DGR BY S AR B s g ook
. 10
. stream and.the candidate - 25 streans is above a . :iil "
-~ spbepymia raighi lva:mniei treipartbiecausing esnmlctluplmlem-- the di
: _-on errbodl ment. .t he candi dat e streamw. th the snal | est

pr Eiphass ylmlﬁoﬂ'e rtetion geacessictosses the symebols Smdndanya U.tﬂcss the
cert e short phase.-coherence; T B

e (0% Fen g " S1e8 o vieons, delpanon TG eIt hefhuse of
pa&ﬁ;ﬁlc&h&?&‘dl@ﬁptﬁé‘%ig?ﬁ ﬁh&ﬁ%&*&&@rﬁﬂhﬁ%ﬁﬁf a%@@lxhghﬁédﬁon)

hi f'ts 005 ocesses, Ssuc equ

. of fo960] @brﬁnsmuewd;enrmdgleastreemth@eletoaé tcythetbaglmgmfw (eg SR
. _longer phase coherence perlod and thus_are.naot: :

S sufbERBRE § SreamdAd SREMOYIh e e sAmakngRelsF of &uhkand dletting a}fj e
o suﬁéa{;ﬂ E{ﬁeeendséf aeg‘inl(é%"t tl'g ;@h&% 9 &r &Qﬁlg‘t‘cgsee) tﬁ.%'%m?&l boundary

-acconpl 1 s

I ng a-sanpling tra T AR
[ ORfiBbe bfbswdeaxeln’aﬁléss"rﬁéﬁess‘aqr stap%/tﬂam oﬂ@@lm&ﬂtw@mbe Tost (le_}_'.j T

ckward— :

t heredmfnt ear rtn—el ERUPREN2 shar ®6 FHeTPhasd 0 bhigunt Ut th%rtlb Ve_,example), ; "

s selected However , ot her - strategies" mght .

o be[(m@ed @ﬁ? P&kible ARG t@%l@ﬁl?ovtel]?roﬁléﬂbédm esl%ddfng an Elastlc PR .
.- finally selected, -some adj ustment's of can
T stB‘léﬁmﬁEBii?r hraare generbléy,rmldmgvu Vmablﬁesmoyis déla)arbefore the stream

tic Buff bed - bel 30 St
R AN R T P e G

0 Rkl (P URCEHSe Ofst8RhaR hOMAE Raktf Bit) BRKLEA'SE (B BRAM Buffer

‘ ='_.jthe phase difference between curren
: r.rst(lrteathe amsulgrefade&y)tmaeduzec( byemeg;ymhbler Cbimafmsdty in: the case fa

g “ﬁf!fbecause of

and ‘proposed

- hal f ase the det r oCeéss, LR ,,:ﬂ”l;TE

eeég atftt%enéyseolf bbb 2 Strmeds B ase&%teeermles above o

{ result oo e

KEPIEP UL 8L kStio 1 %?%8%?%%@%?9%%62%%m e

dfﬁ(]éB]’nde they ah Iabsttﬂcaﬁhtstwﬁpffdn (aad tvariabjle delb@Ot@@t]sed:m the above L

St ance, \A?hen usi ng ?t reamthat is ‘clgse ta ‘the e

’df‘ffﬁ’i"ﬂgfot, eapepozeeog usiration the pengeRs @lgtqngdmnoﬁ 1gtended s
SHRHERAN 1R AP i RARdOnd kR %tjploaaleé) ﬁmg uwed For

ecting a.’ stream he end 0 hase

- "21nstanmmalielt Mﬂemaﬁﬁjqnstcbﬁ bsym‘hbbvhhmmél baged oM lnlulti;ﬁexers and o
- crossed and, -unl ess _necessary steps are taken, oneg

2

SgARBPI WRATPd eeisteis: g held Seﬁ?f@beeeyolﬁ wariheofidbiact Hawever, the

25 SR ARAKGRBNERAEIY, wll o uRRASP MBSOty wit he i

one-

“ . ‘the above exa

. (wndgrstand g thhea &’JﬂaﬁeaIZreeblﬁzeamaymsé htﬁy Rﬁl@&ﬁh&taﬁiohe&im setrves to S

30

- “buffer and/or dela nl'le data sufﬁmently

: [0064] The tlnung is such that the decoder calculates the metncs and makes the

" switch decision after the detect1on of the current symbol is done At th1s pomt -

opt1onally, the length of the Elast1c Buffer is- adjusted as well However the new

: candtdate stream is selected dunng the next symbol 1nterva1 In other Words the j-::.

' phase smtchmg process can be wsua.llzed as occumng n—between the symbol :

S 'detecttons, namely after the previous symbol has been’ c_le_te_cted and.before. the next

s




t he 'synbol m"ght be sanpl ed twi ce, thus causi ng synbol o

~ ~duplication in the detected stream [0062] One
- . possible sol ution to the above probl em-conpri.ses -
~.-addi ng an El astic - Buffer (EB) or, mpre generally,
~ad sbmﬂgnlas Macdsadl. @tslgmhmmmemdtmys al‘ecphsaﬂ:det Ee,r instaeihe :Bﬁfltchlng

."':-,-I*_sel ectl n is. I n"the. case of: hase -
motY ed Qe gyt ﬁqf{mrenﬁﬁa%eed ymba eﬁlthsutﬁe eﬁe‘eever such an -

R | | s
| SUFEO kSRR tenE) Syt IR BEUARS Sabeng e
{sydmmtmn@omh/tgmﬁia;zyprantlctameasesase of a  -phase retardnent = . - -

fromthe Phase 2 streamto the Phase 0 streamin

e -t h@%é Viduring, arynesfiled; priod e rese1ven SPEPHQH | HClBgF phptartup or R
o 0 <
SRR IR0 BT B gy e

S nlithhe I besher cede ,IheIBeffan.£.ake hiGurRdf ﬂelsye) mﬁy have to be forcibly re-

oo illustration ‘the concept only and is not intended as

.Tjd.id

Buf th th di
o aRASh rRe e B SRR e Buter
-_ f g%ﬁ bt-lew ie% {18, adegMeaf for ?L}ﬁ?aﬁ\}éede‘lja’:}l) r $Hfihdrement dfithe Elastlc' o

© 1 ioentemd, awltingpr aesesmiedata tqsseﬁmhr&tqe@teeng DESVPRBSITOT propagation

ance

-approaches c¢a . S
n%elélqrnétﬁ au(s)%d&a&iﬁ gleastbcS gaftc% lﬁ'lCIl’lg Jé%asedl% adJustment I1m1t and :

mdahsl ; @iiSle @Rdrs GRIDGh BBt @ﬂrh;ﬁah@i@ fdﬂ‘dltglhbﬁtledi or dropped

-sever al' synbol s worth of data.” However, the-2

fdﬂr@msngcaseeéprqeslnatheddmbpmmmdw use the notion of

The .timng is such the décoder cal culates

o imffaeﬂengﬂsbernud thekrsimien lesgth iotit. dadioth ossesthebutfirdength (i.c.

U;-;is

one.

O i B o8 R tf{;ieﬁt"ﬂ@¥1”3ﬁst%flefmme Bhod & Sey optionallybe

- Bufifffvelysadpfidad ed as wel | . However, the new candi date
stream I’s. sel.ect ed during the next syrrbol int erval-.

“ ot[0N7] Wor -dsimpleémphesatienivitham§lastio Beskr bavinpe 1ength denoted '
,VISU&|IZEd as occurring. |n bet ween the synbol -

AL TR MR L e MO R e

: ‘_ Cl her i.nmpl enentati ons are possibl e For: i nst ance, the
o owf 7 6YmbR)s, tbaee%evebﬁ@aehewtéoﬂsynbdﬁ the current

20 Y0R8 N S S BRSSPIy o of

20

1 Ry Baffel e vedRinesld reReRteRlt id Urdbﬂo'ﬁ@%d@ﬁﬁ»@d $pase for buffermg

oy & dhov dircdigar inenst - likalyhbewndary stossingsp dfor imblence, if there isa .

lg--‘._testabl shin ew |.ink tion the EIat B
R R R AT L A
© byf &%rmédmﬁg ddie RETER blifs pHSdecAhy leh@é/ Qd¥hchE and potentlally

forcibly re centered, resultl ng i'n possible: data |l oss. -

Sglg:nrl]p Egeau(l:s% I’tlheezrelrd] %el%{z ?1mlp t ﬁl suc a ca c, %at%?’%er can be re—centered to % o

cases. 5 [0065] During .an unsettl.ed period of the

: of the maxmmm delay m order to decrease the probablhty of reachmg the: hmlt agam.

~and causmg data error _

: Overall Archltecture -

| [0069] The a;rchltecture of an exemplary 1mplementat10n of the present data detectlon. -
method and system is’ now descrlbed - Figure 3 is-a top -level block dlagram -

| 111ustrat1ng a data detector 100, in accordance with an’ embodlment of the present _

6




:phenorrena caused by the Bl astic Buffer bounC| ng -
-agai nst the adjustment limt :and 10 cau5| ng- rrul ti pI e

~errors. due to an |nab|I|ty to conpensat-e. for:

L RRIELL A . AR bARAL S Beiohibghls

“synbol s, the center value can be set to 3-synbol§.:

. \ [ obewpsian isdimised toétatue (tefbatt_eaersa&bea@ aefrips | |(M}éttt>%tﬁ _Ur%s
S O\a,@llﬂ]aglﬁo Eof tLe ntg perpia 4 em?tne etaeraldnerﬁtrlefha af]s caﬁlgd “raW-

10

dupli cated or dropped syrbols in case of cr055|ng the

o symveﬂltldmouDdtar@ctectoﬁ)OeG]coﬂihHsaSﬁr Bﬂmﬁnﬂb'zmﬁﬁewumrﬁ’aﬁer 130—55: e
S by dete e El astij.c. Buff :
'----_.be?"ES%n} n]?‘?r%égehil %@f 1?@@%@% E\ |SVE‘“’81§?€18§}?I

mﬁheolfncﬁﬂﬁg'ztatﬁh sCove?H%‘h kd ldﬁﬁgf(ﬂ otlﬂaﬁem Analyzer L

engt bot ases l"ength .

(119, Ihisrockc Hayihoorming €htaptterms mte—mhafyzerbeh a@bﬂphase basis, and

Thi s val ue maybe fixed or may optionally

adépﬁwéqla}e SHpamy gbvaluey rﬁsethpr Nﬁthadetpﬁwmemetncs are: produced

ing phdse EfiatsmTLslity oo eqaizERdremghiurehents, etc.”

ow an TOVI e nor.e.

SPae Gurfer pRuekised bPd Mitficd Pigiedli 36 400 saﬁprerssghohlt&at ihstablhtles H '_\ }:_ﬁ;: e

" boundary crossings. For instance, if there.is a:

" - novfdie alpmcpcyglueswaltmumlcototle@ucwﬂhc msticscdhodetector 100
el AR R SPRdrGendt Sl SD A B sreams

- PQpushity! @stedd 27 s@léE'Eﬁl @'sﬂéamé HE aZRE- QyilBdiaasisi: nIHrs 1s| Kbcause the

- ..'such a case, - the buffer can be're-centered to:
- t heetriescéstinnatide sy nohbe)reﬂcieiple tﬁtr avegryadel irtbe ptr@ﬂna kami |att9mpts to

- A a?étfﬁahﬁﬁﬁ %e%etﬁ@@F%ﬁ?ﬁ‘BbQ@&&oﬁgﬁ%& 't}%e goals_:,,.:j..‘f,_ i
+..30 metho oms.

R R B8 e i D7 ks eyRheous andlor

and system I s now descr.i bed. - Fi gure 3.1s.a

o t (B,pd ﬂﬂg@y dﬁienmktesjﬁhagmdqng dj’ﬂanﬂ‘tgdﬁhﬂgltﬂe detB%tOdlﬁﬁOect O A
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: '-_-Other 1mp1ementat10ns are possrble as welI such asa shlﬂ regrster of varlable length K

jfor each stream

o [0074] The delayed candldate streams are apphed to Candldate Stream Selector '

"‘(CSS) 150 whlch retalns one of the L streams and d1scards the remammg data The




o R BB Sy S (e

| T eotBbsayg hilsht duta rhtes), add to retfladenethpidxityanmi/oe poeasohsurtftesn.
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.- 124mple, ayid Igpﬁmhhelﬁnmnmm Eﬁg& (hysahfpees;mf)uhesmfsﬁ@stﬁ ..
oo ioby the Stream Switcher 140. The L-candi-date streanms
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S BAMIITS (occ1bd Phohe L s
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or uRdeasiandy ek Implsentations afrePesyible: cgﬂarm@%

outgut -data stream 151 of the detector 100. An -
7k dnem hel Shidt/ Regigeredlfs thespraanleotll #e Ssmtéeé\ﬁtmay of Pattem

o _j. o‘[‘l%‘l‘?1 ‘lr%néeé?&‘tl% l@@kt%{?ol%%ﬁ% es, ‘lf%?%ﬁ}’ ﬁj -ﬁﬁst bEp 2 and the . - s

PasteRaktem Aedlpet Blenkaf aré EFEJvﬁmlm%lrb AN Fa i Paterk Q&alyhér Element o
- technol o%(/) sui tabl e ‘for very: hi gh-speed operation, 5 -
Ah.. ag4 Q%qulth%émdpmlﬁﬁ &olenties crfrﬁamnleg rpéesented to it on a per-

symbol basis, and estimates the most likely detecnon value as well as est1mat10n met- |
rics and other 31de 1nformat1on (as required).  As.a result L paII‘S of cand1date values
: and thelr metncs are sent out on llnes 202 and 203, respectrvely ' |
'Pattern Analyzer Elements L , _ _
| [0078] Flgure 5 1s a block. dlagra.m illustrating a Pattem Analyzer Element in-

: accordance W1th one embodlment of the present 1nvent10n Ani mcommg collectron of

a _total of_ LPA =N, +L+ N 4 sample_s a_re recerved from the _Pattern_Analyzer__l 10 on _
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'Pattern Anal yzer [0075] Fi gure 4is a bI ock d| agram R
‘illustrating the Pattern Analyzer 110, o e
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pairs . of’ can i.dat'e val ues . and their: metrics:-are; sent:
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‘Tustrating ern Anal yzer El emant
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“i'nventi an com n coI | ection of a.fotal: of LPA
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* - has the hlghest likelihood of being correct. Tn the present embod1ment the lower the [

'metrlc the hlgher the probablhty that the decrsron is correct regardlng the candldate :

avord sw1tch1ng the cand1date streams for srnall short term changes in the rnetrrcs

- _\'Th13 generally 1mproves system operatlon The ﬁltenng algonthm is dependent on .

g vahle Thus, in 'such a case, the Comparator 510 may determme the stream that has Lo |

e 'the lowest cooked metnc The number of such a stream is sent to’ Sw1tch Fﬂter 520 s
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- on Tine 5 11.

- [0082] The SW1tch Fﬂter (SF) 520 performs hnear and/or non-lmear ﬁltemng s0 as to e




5 as additional side infor rratl on 313 about phase
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"Re—centenng Loglc 690 checks for out-of—range delay values and resets the value of

the Delay Accumulator 680 in such cases. See above_ for a dlscus_s1__on of _the_ re-

' 300 .centenng proce_ss _
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- ‘process

whet her the sanpling is |eading or .
ﬁef?‘rssuteﬁ%wmach TERIERENS Y OFF CXABRIG O AP ypd stﬁasérf%slque Whlch- o

to. the:results-of the: % .
c{008a] i Smraddivion: tmyt}@omeae@rnpﬂ%'sp otheRepiees ety mﬁgrﬂaegn Cban be AR

690 checks for -out-of-range del ay val.ues and resets"
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-case the deteetor can use this 1nformat10n to change one or more equahzer parameters R

‘i such a way.as to reduce the number of narrow symbols at the input of the detector ISR

o ."Even though the detector may not necessanly be able to mfer the 51gn of the mls—
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: -equaltzatlon ie. ‘to infer whether the channel response is over equahzed or: under- .

. equallzed the equahzatlon curve often has a well- deﬁned mlmmum whxch can be R

i "reached by makmg small ad_}ustments in hoth dlrectlons and determmmg in whrch

dlI‘CCtIOIl the overall equahzatlon 1mproves
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- ot h@al@é’ Fe‘l@lally L% \%@%5%5@?%1%4 ﬁgﬁeﬁz]ll dtg‘brf'tﬁ@vglﬁ@b 11;% correct the |

. -operation,
ot h@ludmalonmﬁieetradad tfexr seduntornint thepimduat 6f hoisat 61 other words, =

t-ector. an

uess). the data 'streamval ue, as.well .as

| es@veﬁatg @ctltﬁlélheépf %?étqw gyybsrs jsrargg @@é@é@%’tb&ta@t&ﬂ @éloum of ISD), i

USROS E 3‘ dde%n%ﬁ{l H&J}eanﬂﬁﬁ %tqg%ncg%fﬁh’tcﬂ cfgl ¥t%ea&ete&0r may

S estinm

R Bxanpt Q&: datm@lﬂﬂ@ceﬁa%lg&wlMItWWE@ aHel fgscaba 6L noé- e&thﬂizatmn_ _ - o

S0

tl ona ormati eam

data sanP as wel'l~as using the filtered estimte .-
gbe

[T

3 _‘e@hhﬂ%w software. This approach represents ‘j ust
~-one exanpl. e of -an- adaptive techni que which { can be -

ugeli rinmommmmbmdtheeicmcm mayz:enttﬁms@plstqgra_m of the syinbol |

dit to th | o |
st een o REyEK HHReR o B CBY iltlgeavﬁﬂwaﬁon fom -
e LSRRk By mm@esefado?s 08, SUORAREY ofkBeandor non

s detector - can.form an esti mate of

e - chahnel response

e | detgtrhinizyic phadeyiten Furthermoare niimerthe estintatedadeta wajee ssyluiwlnto the |

D e e qumer o et per Yl
i erﬁéﬁ:lcﬁo:{ leeﬁbacﬁydﬁaﬁteétu?fé %hﬁ&y%@‘ﬁg{a' a%ﬁst%&%épt&tﬂﬁﬁm%thods can'

. sanple
20

- properly equalized. case, the detecto BRI
. ..ug%nlorﬁ §}’1}Cﬂ¥°6‘t%?1il (Slﬁtat %gla-ﬁg.wﬁg aérgereglacqrg}t@'v @raor HDMI -

er

wherel n represents the oversanpli
fheimpl)smmaiydl i anaemnmteaun phe embadimeht thesietmme &Y eXamine one’ o

| '-pﬂﬁ}ﬁ&’ﬁEﬁﬁﬁ% LR SHChy ‘fi‘ndl@ycaﬁéld%i@ %tfqulg earldh%nE]éJ 'H@%Eteﬁf use such

narrow synbol's-at th e Lhput o
S timulgbnizhteord drferhationnmay sepatatelgcatnatd the iﬁ?lahlﬂllt)e olf(guessmg the

C 30
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[0092] In other embodlments the detector may use techniques that are based on more

- informative metrl_cs for_the_ ca__nd1date streams. Wh_ﬂe s1nglewb1t metncs_.are typlcally_ '
~ used in non-adaptive receiver _'implemetltéti'ons_, multi-bit metrics_ may be emplcyed_in

~an adaptive detector, making 1 the estimation of data detecticri reliability more precise |

g "cha.nnels) as an adaptanon cntenon '

oréing tthe PavabiFersgain faf él@hebfreqmcearmplogierutﬁ reduce the o

St St BF b v el S5 B emmgormon ot e

'a"eé}uﬂlzepfthéﬁedéweﬁﬁﬁa@l iAbt¥éad Evcﬁﬂlfhoﬁaé diBfRe@bnt! KL Ii@imlhe channel o
‘patterns.. Since the'rate of change of .the static I

- phegensiloost M%‘C@@W@mm%ﬂbll@tvve istthe gptpm@etum of the overall recewer RERe
o effectively 1 mnat e ase of f'se SRR
oekd P%m’&&fﬁé‘ SE R R WOIBP%W&S bl e




. f.-a:-eq n can -be traded for reduction in the
RE nﬂﬁwf ?ﬁo ﬁtlttﬁ?ée SQUAP %f{tﬁepr%%e&ﬁaths tei}ewuep ap ggemplary decision:

S _res;ttqamer Thegleteetgt ey favksr diigopt o edmsaﬁheﬁhawelama

e 'I rﬁlmthéppremb@%lpffeltheﬁeltm@ﬂ@et ector- rray const ruct

B e

= [0090] In another enbodlnent the detector nay attenpt

eto Optlﬁ]ZG the overall data Feception perfornance e

- For exanpl e, as Iong as the detector can estimte. the e
data value reliably, i.e.  wi.th an. acceptably hlgh S

~ - pr dwahdaptive Récigidre Fealbaek Detmgardibnanmw ‘the.

geasact&fda Jt&%ﬁvﬂ%' \-géest%ae Aghdtgeﬁah'aasve i an embodlmen

tanti a anount:.of -
L .nonfthetdfetentom,lemtamlys1sttntﬂe (smolll o Table e)quarbbyusecﬂ tcsptto Ade dat
o small, the detector % detect-the data wth @ =
5 geauhingbics: r¥hilesial ¢ yabisissufficienk go bw&éﬁeeplafadapt
Soom | e
o ﬁesﬁﬂyéctqéb%% tﬁ? adaqd&%ﬁ)}:l cggerl?or? lgggﬁﬁﬂr ?di%uce alne &
o _'c hedgragd obaesmmewhﬁa@t Hor. Em;ﬁaampt)em%ys)aﬁr uﬁélseecttett andxd't ¢
‘response. zero l-ocation of ‘the 10 equalizer, ‘the o

S %@eﬁatcféﬁgp rﬁcrI fn t LD su st accurﬁt?lft eﬁr}ﬁetn - Howev
Obj Ve 1S rmzat on St e overa recetry e

10 peélfh@ﬁg‘tﬁ@ﬁﬁl rata§dh€ﬁ1et et tsk opsll féhé@hl o ébﬁ'tahi Epphcatlons - more
. separate conponents (such as the - equalizer). [0091]" ~ - =

DR 2L Blapdle RO ol P B8R Wi e
- .f r%ﬂﬁ%ﬁ@%rsﬁm%gy OW fiﬁée %ﬁ%ﬁaﬁcﬁpﬁsﬁ)%lls’é&cﬁhﬁﬁv ;

-”Vj;frequency of f set - an r non- determni-stic- phase.- ,
- j iindieatorsFufystriveviowsly plwmn@eﬂkaelmdcmtcenseu@twamemnnasweﬂ as’

- debemidimr Jmaaarekls N bR EDy maefﬁﬁ% t}fetpauefn blts as well as the

-~ data- assi st ed -adaptation nethods can
- i niotectvd valags. As an -exanpl e; 1none enbodlnent the
-, -detector’ may exam ne-one. Or:nore synchronlzatlon data
- «fields (suchas a retrace: ‘interval in.a DV HDM *
:"lnplenentat|on) i’none or hore. candidate streans and
~..once -detected, -use such: synchronlzatlon lnfornatlon o
.. to separately estinate. the Teliability. of.-guessing- the.i
vltvalues inthe i-ndi vi dual ‘candi date streans. Note that s
o thisiis p055|ble since the:2S transnttted ‘dat-a’ pattern)
“i's known to the detector, thereby enabllng ‘the"
detector to di scover incorrect guessing: S|nply b_.
observing code violati'ons. and/or invalid sync. —oooooreoen T e
“patterns. [0092] Inother ‘enbodinents, the: detector‘f?“f-”}h*;af** -
“my use techniques that are based on nore. -|nfornat|vep}‘ﬁ"fzg;-,na
~metrics for the candidate streams. Wile-single- blt S T e
o o.metrics are. typically. 30 used ih non- adaptive - S
. receiver: |nplenentat|ons -nultl-blt netrics nay be
. enpl oyed i'n an adaptive detector, ~maki ng t he S L
estlnatlon of data detectlon rellablllty nDre preC|se S




_ and u3|ng ntnlntzatlon of cunulatlve netrlcs for a’
~ .sel ected channel  (or. all candi dat e channel s) -as an
* . .-adaptation criterion, 22 An Adaptive Decision Feedback _
. Detector Exanple [0093] To illustrate sone of the . -
proposed adaptlve technlques an - exenplary deC|S|on -

PPN

dCK C uco St
dﬁl gtgl':ﬁl bedﬁ g%‘%\s/*e}ﬁlh?t iz!{l‘r;hqe:rrb %Iha Var“ t{ﬁFe[a%et e otFm"é{ﬁbers |

o dH8P9si's & abl e (such as Table 1)00an bed used t@63 -
e pnmynde dat a valueSOS and metr|0§ Wil g such gyt abl e
R fficient to build a sinple adaptive: detector.as .
c?eogi i be(cﬁJ above, th adapthtion Eriteribn is & nimum
ﬂquEredlnetrlcs vab ue.(over a @ertaln)obserwmmlon
L Waapewi- - for exanple ‘30 syn?ols) for the select?
o candi. date stream QI'he detector may further at’ énpt to
_ . AdPL&t tRe channel ‘©qual i zati on:&and/ or 2 i nped#de .-
B m@bphlngoln order tp get ‘tihe anjlest apcunula%@d _
g d&éﬁ{{ ‘However , . 10.. although such a.schene n1 ht mprk
enoligh for certain -applicatl ons, ifore orate -
._appnbaches of fer: better rasul'ts.1-[0094] For emaﬂple
ST e ey odlnent n addition to netrbcs and data:
_ o vafues ‘th Pattern Amalyzer table may prOV|d3 phase
LA pﬁﬂbknatpon as ‘wel 1l as ‘nadrow syirbol s 2i ndi catlefs. As
%_{.gjpbgmjous[y pIeaselnote tmat i ngorder bo CONSQENE"
A ﬁgﬁce heéeln as,;well as 15 in-hardware, only 'the. flrst
e 2 of. ¢ he follomﬂng tabrk is dxplicitly prov¥ded. _
' _GhHO secbnd- hal f ofo-the table.i'g readi iy produges by :
: grti the pattern bi't's, as - as, the ted -
R va ues ngB PatteranreV|ous Varﬁe Netrlc Phasgbgglue :
. §Pdd Pattern nunberls 0 0060 0 0900 0 O 0/63 0HE0O 1 O
91010 1/62 0 000190 0 0 Q 0 2/1- 0 0901 1 Qg; 0 0
~;fj€(ﬁ8 00010 0'0 -1.1.2 4/59 0001 0°1.0 “1:12-5/58
1191100 8/57 00011111607/564%0100

© 010010 1@ 8/55 00100 1. 000 1 209/54 2 18/45 -
S0t e 1 o o 2="“tjfldu4
01010 0 1 0. 2020043
CU0t010 O T N 2
01011 0 IO R ) 1 2 221
01011 1 1o e 2 23/40
01100 . 0 0 1 10 2apy
01100 1 to: BT R T 25
01101 S0 R S 2 '_:.“752667'
Comie 0 001 o asss
01110 1 o9 1o 2934
©ooutr o o0 L 0 3033
01111 1 0 0 1 0 - 'ﬂaz'

| Table 2= Adaptlve DF detector patterns (L 3 W=5 )

s [0095] In Table 2, the narrow symbols are ﬂagged If the symbol is 2 samples wide,
5 the ﬂag value is set to. 1 (e g see- pattem 0 110 O), 1f the symbol is only 1 sample




. '.001010100210/53 001011100211/52 00110
0 1-1-1112/51- 001101010113/50 0 011101
©-1-10.14/49 001111 1-100 15/48 0 100 1- 001

12 16/47 °01001-1 0 11 2:17/46 01001 0 1.0.0.2

18k, ﬂanaglvalue]beaoaeszz (. 4ée pAAREL0 001 D). OInJgeﬁeral}/tHb'Sﬂagovalue 1s._'_ 7:._;_;

o ae’fsstbhwzs/ 400110 000 1 11 24/39 0110 010
111 25/38 01101 01 2 01 115-10:
'27/36 011100 00 1 o% 3% ‘gzl'%’fé”#% 010 29/34 . .

01 /

hep Thehudof) ABlette e k) b bR aBERD

Fleagalrzalhon Synbol W dth [0096] The adaptive recei
"~ .uses the filtered flags froma selected. stream (or::
 r[9897]5 The Phasgaleanr eansbe vsadstp aa‘spfafshaaaareasatsﬁorp ase off

10 ¢
S CQISédl td &ﬁlvew ﬂélﬁy‘s lllﬁél ﬁ‘ﬁthe @ampler 5 clocklng mechamsm 1n ord

o _ Whlch can be further Verlﬁed by reduced metncs values from the selected stream

- nommal sampler spacmg) Preferably, the mformatlon ﬁ'om a selecte ¢

101 0 1 012 21/42: 0101101 0 12 22/41 01011-

Taddl eaﬂhdatda stremms) aayaaapﬂaaometeﬁioag g@ptidifally,hibe &ylntd&ler an be. R

._' 2@8 ‘f@}tﬁ tl@?%li@ﬁd)slgg ;gﬁqs{%ggly%&%aés ﬁlgl}l?ot CﬁgglhﬁqiréeSponds to_':'_‘: ..‘:':

qﬁmzhh‘tﬁl %‘?ler lerﬁﬂ% %Ftl?qg%lﬁg Iﬂugee&lﬁg geteéﬁle%rgﬁ;hhtre Ptdrd'?ites o

ik S, TR kb Y G J B8 aRE bty ?‘ggé_ﬁ‘%rgg%) ,mbe

ered Tl'ag da] BT 5als m-ni ma _ S
”-'-t""ad_]ust the e T L

ﬂ samphng phase wrth respect to a recovered clock w1th1n a [0 Ts/L] range (r e up to.:___"

andldate __

stream 1s used to adaptlvely adjust the samphng delay unt1l the ﬁltered phase Value 1s:"- '

as close to zero as poss1ble Thrs state may represent optrmal samplmg, a condmonf' K

.[0098] Flgure 9 1llustrates an exemplary computer system 300 .mployed te?__'f‘-"_':.'::

1mplement an embodlment of the 1nvent10n Computer system 300 mcludes one or_

B :more central processmg umts (CPU) 301 random access memory (RAM) 302 read"} < |

20
" -306 and 307 As 1s Well known in the art ROM acts to transfer data and 1nstruct10ns ER

: only memory (ROM) 303 one or more penpherals 305 and pnmary storage devrc:es_'f'E :: L

. uni- drrectlonally to the CPUs 301 wh11e RAM 1s used typlcally to transfer data and LA

'1nstruct1ons ina b1 d1rect1ona1 manner CPUs 301 may generally mclude any number ST

o of processors Both pnmary storage dev1ces 306 and 307 may 1nc1ude any Smtablei' L

computer-readable medaa A secondary storage medlum 308 whlch 1s typrcally a e

_'_mass memory dev1ce is also coupled “bi- d1rect1onally to. CPUs 301 and provrdes_ SR

| '_1add1t1ona1 data storage capacrty The mass memory dev1ce 308 1s a computer— |

C30.

readable medium that may be used to store programs 1ncludmg computer code data,' o
' and the like. Typrcally, mass memory dev1ce 308isa storage medlum such as a hard

d1sk ora tape which generally slower than pnmary storage devrces 306 and 307.

C Mass memory storage device 308 may take the form of a magnetlc or paper tape

| ‘-=reader or some other well-known dev1ce It wrll be apprecrated that the 1nformat10n_

25




| 5f| KeRPEdS RIERPRORFS, doucl-SpBie i

f' ‘cond ‘
7 netvelldsowalines dévicen suble as; eff eqired ottier ec&ﬂjbuterb 00a8]ly, CPUs 301 are :

~.good horizont aI eye - opem ng at the |nput to the data ‘
detector ‘and thus ‘indicates good equal i zation. [ 0097]
~The Phase col unm .can be used to adaptlvely conpensat e

~for phase offset in 10 the sanplers. For instance, a '
i iretained!: \pﬁlasethstames (m@mbryade‘acmﬁ@Bngiaavem ag:@)rombﬁ b@ses be

b o B A A, *

re%(ﬂﬁ@] (@PU@Mleéi'@\éEB%Guﬂp@ﬁ:koﬂ@ 3rhh&e’1’nﬂu@ou%ﬁt{ &Jwée@@?? that may"..'__ __ _7 =

BeR to nem nal | er. spacing). Preferably,

| nirmlmht botnarke rram laniseel mctdeﬁcaamthcmnadeosmoaams; Haclébaills mzce ‘

aptively adj ust tge sanpli I% delgg until .
pogs :p%e? tapd) v\}:ﬁ%gﬁg %ﬁleE@%Pﬁ %ev%‘?&t opgﬁﬂd%tmﬁar@éﬁg'{%rs %r other -

thon. er verified

-Figure 9 illustrates. an exenpl al conputer syst em 300
en@@V@dOt%commw%@ '-‘?{Pé -
- Cofpyten o 1&1& ﬁ' s%ﬁ%ﬁﬁ‘ﬁ%%ﬁiﬂt tfe'two&ogr%n‘frﬁ%{e%?wm usmg A

pr OCGSSI n om access. nenory

| IO S%Wbﬂ@d)nﬁ&:tmﬁlay s gahet ROV 360 3Wibnectos c@iﬁhﬁtmcatlon link; it is o
'..13oqont¢&plﬁt§d\tl@at|th¢<|¢é’m 361 right fpeeivermfarmatien pyer fenkinkefrom the -

o ol oL LA 80 B S T oot

peripherals.305,  and pri:mary storage-devices 306 .and

Q%rfobhﬁtﬂgoﬂﬁe hibva-deberibed e@dek—@ﬂﬁﬂ)lemwe Eecelid aB@br f{ﬁmsnussmn
igeneral |y .include any nunber --of processors. Both

i -."'pratfrmr \Sush dnfatyeativay s 18 @dlen mepraBmtcdwy 2 segnanse @W“‘m"m L

nedi.a. A se

15 3 e AR Re R P 30 A0 B el b TR W pegepron for
U deskafBle, i tia femcouplcs Ipﬁter Qllafaeﬁgﬁa@@ﬁibbﬁleHQn@Déﬁil@pWave The R
<. and provides: - additiona

L -'-'_"'ne@gvm'mrlyedjdw@%s 3nd m@elaals;omﬂuberfamrlaadabthesmﬁuakm in the :

BT S nd Rt B e Rl SRR R or more
o deyelandldt ddta arahﬁ,raaa%rée%%egmeﬁy&tbraa 16 dbvad tafsidlielt symbols <

dat a st orage capacity. The.

or. a tape which.generally slower than primary storage "

o ‘."_'120'--d@ndc;mfomereacmmaoﬁetecmsmdvtanmﬂwrsproc@glagdﬁwsc degObed ‘above: - f' Lo
 Toate L oL 2RI S8 OB MM
%I%c%@n?é Q6pst R bh Bt%récf‘iﬁl%mr?)ozzﬁowg% '}ﬁﬂnﬂi’ytsﬁirﬁge dev1ces SIEIREERE

nmass nenory devi ce 308 may, i-n appropriate tases, -

h -bé06 mwbandoemymhmmnmred—rémbiﬁmdas part of- RAM . e _
. 03 tual 0Q99 3 | ' ‘
Ul s DR [ e, eeoBep gy provided as
: 25 :' strht‘fk‘ﬁts%ﬁ de@%{ptt@ﬁf EH% a_x’erﬂot ﬁﬁ!erfd@% t:ﬁﬁfﬁ%oar ér'ﬁéﬁﬁoff‘ﬁ) precise

O noni tors rac m ce

: 'mt‘cnmnpbmnbeﬂ mhnrhvmneni atwdaednbeﬂxha:ym arbrp@nﬁblhcmr hghirclf above L

readers, ng :
teachings, -ain it IS thus 1ntended that the scope of mventmn not be 11m1ted by~ thls .

Detaﬂed Descrlptlon but rather by Claims foIlowmg

26

sggpq; c'étg readers, magnetlc SR ‘

9F IWigcomarnicRiORE nefork 304, o




ik At qdeﬁ)t\tftcklvmgsdaﬁgovar&élatd%@ﬁw&@@ﬁﬂ@& SoRPIRiNg:

 : .. ;?’ :':shovvn GERRRL b SotendOibsabloR ?ﬁégtge@tggggagegtta%tﬁgemted,a

.regéqméﬁ@ebfgyﬂ{[j@pglon over  the: link fromthe netvvo'

100

-t equaligationtpaearhersteintorden td detpmeing Bewhitlo tiredioacqidedtion
Q her “variations and enbodi ment s - ar.e p055|ble i-n’tight

. ofMBB¥SFe  t eachi ngs,-.and it .is t hus intended thatthe:
scope -of invention not- be linited by this  Det ail- ed
Description, but rather by d ains follomnng 26 VE - S
- Ch AllMhethod ihrlmtehodg farn- ovacaeitgttarhgammasmwhnk a:ompgusmgl

20

S of san*iS’P"é§m§é‘rF§ﬂ'é‘?U€€l°f FRlesy geaeRted AN TR IIShTRANENFe O?Over L

or ‘paper - tape readers, _tablets, styl uses, ‘voice or .
- handw i ti ng recogni zers, orf ot-her ~well - knovvn i nput

- CPUs 301 are coupl ed to a communication I|nk or -a:
'COVWEJCEMM tel ecomruni cati ons net work - 304 wsuchias’ a':'-

- above-described over-sanpled data recepti on -and/ or .
tr¥8fisni ssi on. steps ~Such i nformati-on; whi ch 'S -0

. represeat@sias alagﬁgtf@?gﬁsqun%lmstructl ons to 15 b
- execut ed -usi ng

ol phintetidtas ntcnied nreCimmH whein tbe(sﬁmmmglcﬁmpheeﬁttacmta ,
' a conput.er . E@ nal enbodi ed.in I rier: \g)\e]\a/e:*

0 %ﬁ:@eﬁad%nahtbdomﬂpte peFmpsLer hardware and.

- ..software arts. Conputer syst em 300 receives one o
L ereﬂtnmﬂmdasmmbdmﬂhtmzsﬁmemnmnmqgrocesses t He

~order 't decode transmtt erfor

- . ‘recept PE IHSUREATLRIAUARAET dﬂ?gl‘“ﬁ%%g ésrydl%é’ gy §wer &

- desgp 1%9@&@% bols f@f@e&ser taaﬁtxa%tfeep&dtaaga%ﬁ@ﬁre 6
eptio ect

- suc
[',_strerpmtsmtbdde stor ed in the ‘RAM"302, - “ROM 303;- pr:-i,__ mary

d )7 d/ h
EEERAA PR R N R AN TR
: lﬂ?éast | {lﬁ;ﬁnéi‘tft td %}? d%ddﬁfd?foh%@raﬁ{e?ef%@\i'dg%ﬂwﬁfd adé@stment to. the

devices such as, of course; other. oorrputers Fi nall y, T

digital ‘transm ssicon link,: an I'nternet: network or=an -

or might output information over the link to the. - :
net wor Kefesting fisss and eccond sypahol o the firstand second. samp str ams; .o

e recei:ved from and

The:

Ny Sp 20 ayerapesyhol widf o LS s,

1ron-and/ or’ ot her- ‘processing: .

I ons -an scri-pti-ons hey-ar.e not |-htended:

transmssi'on 1ink, conprising: receiving a sequenc

R SRbe Ml o AR Mhcchy é‘f&f‘f‘?@a%@ﬁﬂ”tgmgle

egitdafidctording t6 dhneind espd phesel ofigt aquérice F saanpres hod -

| as-recited in Gaim1l, wherein the est.imating

cc onpr i cge@fg:tlftg gé’mt@dgecond symbol from the ﬁrst and second sample streams ) -, 2 o

and

- exa:mlmng a ﬁrst synchromzatlon data ﬁeld in the: ﬁrst sample stream and a

. “second synchrontzatlon data field in the second sample stream in order to estlmate a R R
E first and second detection reliability of the first and second symbols . o _'
- 6. A method as reclted in Clatm 5, wherein the ﬁrst and second syrlchromzatlon data ;

30

-'ﬁelds compnse a DVI retrace 1nterval or an HDMI retrace 1nterva1

C 27




".wnrninunrsynbOI”mﬁdth'or_an avérageasynbOI;mﬁoth,'

Mherein'synbot-mtdth is. 10 representedjby}nunber of .

sanpl es per synbol. 3. A nethod as recited in Caim2;

“further conpri sing: -adjusting an equalizer ‘when t he

nub ér meﬁwdyfwewswee d@m pwsrragligieahransnpisgion links aﬁippaeng
(narr.ow _synbols) excee

e BB Pl PHBESE it LeRRy b iSRG Eee e

1 einiReld kyinkd1aiine @quiis beéaalﬁlaeoeﬁrneﬁlgIarrastcaaaaédoeeeample
maki-ng- an upmard adj ust ment-to an equal i zati on-

pasteaant a;qcoaimg @ aﬁ:rﬂrm)drselccmd Jphsiemé the sequériae of samples; |

oot Gl oo BBt o8 S il i e,

o eGRbndin e @éﬁe&l@\ﬁﬁce@dsdacgbﬁﬁtg tb %@ﬁﬁﬁlﬁﬁfl)?ﬁbda'teﬂ%able assocjating

= conprising: recelving a sequence”of sanples generated .
REE & ooneeqrnn&emhteatwreppjmmsd’wérr@weme o8 angd ﬂdgss@la@,otvheretrtﬂag, has a

1o

enc of. sa es. c i sin first nd seco . .1
et WF‘%%?\HE Sl igtrfre%a a%#ﬁegthea eleee%aat‘ffﬂ‘age Paff_em: B

: -:Ofaﬁd cﬁ)%ﬂ ﬁ@ﬁ&p‘%&t‘es %#det% S8 el s@gueglcé bfé‘hlgi‘éédand |

:SEeCcon(

t -and -sec sanp

str eamsa,djuﬁﬁg aneloexard ayusiiyer parﬁmetets ia yrddn mmdaeet the ﬂag values R
~data fiel'd-in the first. sanple stream and a . second o

”asynchron|zat|on data fieldin the second sanple stream:

R e A

':-__nethodzaecﬁeaﬂbed in C.aimb,- mhereln the: first-and

- Second _synchroni zation data- 30 fields conprise a DVI.

. retracda] Freewig a sauense pEMImples seaerated ie eapyesent apovpr-sampled _' -

wfttpfis'nethod foEa@S&%k&%ﬂ%&ﬁQta over ‘a-digital transmission -
- 2% Lionk, conpt o

~ gener at(Byldétectingr frseiid secon@ GYiabsiEah iyt aRnBtad sa:mple T

si ng receiving a sequence of sanples

o synmbol s, the sequence. of sanples conprising . a first.

and seconﬁ“@ﬁﬁpm@# streamaccording to-a first and

rst secon rom

._secondéﬁggﬁgupa%ag§ﬁﬁsﬁ%%x%§epﬂ anpl es; 5 detectlng.étpplr-;ﬁ -

first and second

'n:sanple streams, Wwherein the detecting proceeds .

according to a dynantcally updated tabl e aSSOC|at|ng :
‘0fe Aoy apperagiscs rectierl onClsdm e whereivaihe estimating conwriges tragkiag 2.

E ;-gtaas A S VE a5 e Sl S B R e

WidpkesBitell & Aumbast sapy 9ér Safkoli ng rate L used to-

"+ produce the sequence of. sanples; ~and 10 adj usting one
“y,or nore equallzer paraneters i'n order to reduce the

56‘ gA}/1 aapparatus as, IGClth m Cla:lm 9, the I'CCCIVCI' further for: _
(d) adj ustmg an equahzer when the number of symbols cornpnsmg fewer than... -
L samples (narrow symbols) exceeds a threshold thereby reducmg the -

number of narrow symbols

1.1' An app.aratu's as recited in Claim 10, wherein the adjﬂsting comprises making an

upward ad}ustment to an equahzatlon parameter and a downward ad;ustment to the

' equahzatlon parameter in order to determme n whlch drrectlon equahzanon

1mpr_0ves_ S
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8. An appar at us f’or recei vi ng data over a di gr tal

' '_transm ssion Ii nk . conprising: a receiver- for: (a)
: _recel vi-ng a sequence of. sanpl es gener at ed to represent

e.”an over - sanpled 15 sequence -of - synbol s;- (b): detectrng o
- a 12r4n appyalis fyreceinbdite pyesmdigis frmrserlssemuhlﬁreeenarlsmg

) : sanpl e and (c) ‘estimating a- channel response
- length. g%fe%gp%}&n

- wher ei n(d) hecesid mnaeeepmrpleegenaraeekb Riprétent’d seqtreﬂeeo v
symmledrwmbols, ¢he sequanes efanypldswomprisies aé'rrsteadreftceed pan e

- vvhen t hébe eere@er @tusearmtget&dembr £6A%nd ﬁ’r‘é@andtdéélihd shmpl

., sanpl-es
- resfregimaparidhe - nunber -of narrow synbol s. 11} An

R e R R T Fbtﬁgﬁ;‘}_sgg %ﬁ trwanda_.,,_
2Rl R ORI AT fn 0 debnd YOYR oA BB estilte
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‘ .vvlﬁrefamﬂr scemid ctrtec&qruedllamaty afithé iyt muie&corﬁBsyirﬂzolsAn
- -apparatus-for receiving data over:a.di gital -~
-\transmssmn Ilnk‘corrprlsmg ‘a receiver :for:
L regel
| LBE A BRRGARIIER 00T SR ORI it &"5@’%’5@@%”&“0“-
. satap Mds:mmpnse|aﬂ?@jVBrefradeehtemaﬁorsachlﬂsrelmmieent5rvat ream
~according to-a first.-and second phase of the: sequence S
" of sanples; (b) detecting a first and second syrrbol
frgm SAp : R
exlgfmﬁﬁ?zﬁ)ér &rﬁfomgeléﬁg%%o 5%1 n@ﬁ?@é lng'ﬁ‘lﬂhdot nsmg. SN
oo ofirst. &aeeﬂrm'f&tream and a “ second. synchroni zat i onw # i
" . ..data field in the second sanple streamin order:-to:
-estl mat(® T5Ceiving £ ispgenea samplsn genrsnted i reareﬁertaaememeyof over-

bl S5 R a1 & e

appar at-us-.as recited in d-ai'm38;:

synbol wdth or -an-average synbol w dth, wherein:

Clt
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narrow synmbol s) exceeds a threshold,

equal i zation paraneter -in-order to-determnhe

e sequence

rst -synchroni zatr

symedn a«rmaﬂhgeraﬁeatret detb@ldishasOBDhE eeluande\dfsmepregcef AR S

' interval or an HDM retrace interval. 15 14. '
appar a(b)sdererma &8st ondhepead symehad drom @reéirrtarid second salnple

o 20
2 : : 1 E@%YQ §v§1 I%ﬂ‘l the 'dgt‘ectﬁ%rg%ce%hygccordmg to a dynam1cally updated table

i assoc1at1ng one or more detection pattems Pattern, to one or more ﬂags Flagz, wherem TR

F lag, has a value 1nd1cat1ng a dtfference between a wrdth of the symbol assocrated |
- with Pattern; and an over-samplmg rate’ L used to produce the Sequence of Samples : R

25 -

and.' :

(c) ad]ustrng one of more equahzer pararneters in order to reduce the ﬂag

: Values

_ o 15 A computer-readable med1um hav1ng computer—executable 1nstruct1ons recorded -
30 -

el dlgltal transm1sswn 11nk the computer—executable mstructrons compnsrng

e "Sequence of symbols o

;-thereon for enabhng a processor of a computer system to process mcommg data over a

: recelvrng a sequence of samples generated to represent an over-sampled '
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a.receiver for: (a) receiving a sequence: of sanples.
~generated to.represent. a sequence of over- sanpled

synbol s, “t he sequence of sanples conprising a. first

~‘and second sanple stream accor di n?%‘to a first and

. second. PRk Tirshandsssernsriybef fram

- detecti ng a first .and second synbol - fromthe first and.

second sanpl.e streams, wherein t.he detectlng proceeds

-accor ¢ di agmhgm@ ﬂm@@ml g@béﬁgem@ﬂ{ ed ‘tabl e associati-ng-

one:: or rrore detecti on patterns Pattern tO one or -nor-e

1 ags Fl ag" V\her ein Fl ag has:.a val'ue indicating a
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o pr @&Hﬁl@seﬁ Iﬁ@cléﬁglh' aHsianel syREHOP \Wedth or @a@i‘@e(s baKki e, 'vﬂﬁrem

one or nore ‘equalizer paraneters in order to reduce

oot heynibadgridihds tapeeserttsd bysnuwrobgyof eamplespialsimbole di um
.. ’havi.ng conputer-executable instructions recorded. 30
“t her eon for enabl ing a processor of a:conputer. system

ot 01 2 ALBRDulRFAG niEhc B4Rk in@18l £, tﬁerceﬁfpmeek%table_ o

. link, the conputer-executable instructions conpristng:
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. an -over | ed ‘sequence S ol.s; 29 detectin :.- : .-
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remem‘mtmgsﬁlrdleqcmnprsmg‘ sanpl es generated to represent.

e ‘.l o lpﬁes B&W‘s‘ymbcﬁﬁgex@ée‘dk H‘?ﬁrla:{}% datlféi’ educhfsSROAGAber of .

5°16." ‘A corput-er-read Fumas-recited in

i Clmirowlgymbolser ei n the estimating conprl ses tracking a
o mnisnmum synbol wi dt h or "an .aver age syrrbol Wi dt h, -
. wherein symbol wi dth is represented by nunber of

s

R s

N rephrprices malsing o tipveard adjupthicsit ttgin @@pkization garameter anda
~-~equalizer when the nunber of ‘symbol s conprisjng fewer

C RN ar g9 415 <AL PITEieE EberSoriorRiKEBHSIIR. Which

i 4 mber of mbol's. 15 18,
| by imerter o narrou syols s e

medi um as reC|ted |n daim1l17,

~wherein the adjusting :conpri ‘'ses- maki ng an upvvard T

“"--ad%strrent to an.equalization paraneter and-a-

- ddinvesempiirorsidiblamediuniieviag eamwter-swuehl@dﬁeﬂeﬂonwecorded -
- ) o‘tl%%ontlgr Qr?a‘bﬁﬁgla B?ocledsoy\gf f&)mputer system to process mcommg data over a .

- d1g1tal transmlssmn Imk the computer-executable 1nstruct10ns compnsmg
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- _‘ recelvmg a sequence of samples generated to represent a sequence of over- - L
- :Sampled symbols, the sequence of samples comprising a first and second sample T

S

: stream accordmg to a ﬁrst and second phase of the sequence of samples

and

_ exammmg a first synchromzatwn data ﬁeld n the ﬁrst sample stream and a

: _-second synchromzat1on data ﬁeld in the second sample stream in order to estimate a-

3 ﬁrst and second detection reliability of the- ﬁrst and second symbols

30

faust angsegqayl sample streams,"' -

detectmg a ﬁrst and second symbol from the ﬁrst and second sample streams )
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hconputer readabl e medi um havi ng - conputer executable N L
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B streantaccordlng to a flrst and second” phase ‘of
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-~detection patterns. Pattern ‘t.0. one .or nor.e flags Fiag
-y, wherein Flagl-has a value |nd|cat|ng a: dlfference
- - “between a wi-dth of. the’ synbol -associ-ated with: Pattern
. ,715-.and "an over - sanpllng rate L used to- produce the
- 'sequence of sanpl es; -and adjustlng one:or ‘nore:
_-equallzer paranmeters in order to reduce the flag
~_va|ues 31 __r--- SRR :
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